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DILLON CONSULTING LIMITED

1.0 INTRODUCTION

1.1 Purpose

The Department of Municipal and Community Affairs (MACA) of the Government of the Northwest
Territories (GNWT) retained Dillon in July 1994 to complete a sanitation site planning study for the
community of Kimmirut, officially known at that time as Lake Harbour. This study was later designated
as Phase [. The need for a new sanitation site was prompted by pressures for new housing areas. The
community plan dated 1994 showed the expansion of the community around the existing sanitation site.
The relocation of the site was therefore required. The community is bounded by a marine bay, the fresh
water lake used for potable water, the airport, and is located on rugged terrain. These boundaries place
extreme restrictions on land development and result in high costs to open new areas for housing, airports,
and sanitation sites.

During the field work of Phase I, it became apparent that there would be some difficulty in developing
a sanitation site that met all the regulatory criteria, the community development plans, and available
funding. In total four separate sites and three treatment technologies were identified. This resulted in
with a total of six options that were investigated, developed, and presented in a draft report tabled in
December of 1994, The analysis of the options indicated that the best balanced choice would negate the
community's planned housing subdivision expansion. It was decided that the draft report would be used
as a point of discussion with the community, and that the report would not be finalized under the original
contract with Dillon.

In July of 1995, MACA retained Dillon to complete further (Phase II) work with respect to the
sanitation site. The purpose of work was to examine sites and options that did not heavily impact the
community plan. Two sites in addition to those developed in Phase I were identified. These then
provided five more options when combined with the technologies.

In the Fall of 1998, Public Works and Services Igaluit (PWS) retained Dillon to investigate the
feasibility of two additional sites for the community’s solid waste disposal and sewage treatment site.
The location of the additional sites and the access road alignment were provided to Dillon by PWS.
Following the development of options, and analysis of these options for the two sites, a comparison to
the previous work will be undertaken.

The scope of this study includes:

. an introduction and updating of relevant information from previous reports by Dillon,
. the investigation of the add:tional sites for their suitability as disposal areas,

. the conceptual development of various technologies at the new sites,

. an evaluation of the new options taking into account capital costs, life cycle costs,

compliance issues, and the community plan, to the previous options.

GNWT - Public Works & Services
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DILLON CONSULTING LIMITED

Kimmirut is an Inuit community located on the south end of Baffin Island. The local economy 1s based
on subsistence hunting, trapping, fishing, carving, and a growing tourism industry. The development
of Katanalik Park on the Soper River is expected to increase tourism in the community in the future.

The community has the following services: nursing station, diesel power generation, airport, Co-op and
Northern stores, government oftices, and annual resupply sealift. Access to Kimmirut is limited to small
propeller (Twin Otter) aircraft year round, a snowmobile trail to [qaluit in winter, and the sealift in the
summer.

L3 Climate

Kimmirut has an arctic climate, although miider than most other communities on Baffin Island. The
January and July mean temperatures are -20°C high/-27.2°C low and +12.2°C high/+3.9°C low
respectively. The annual precipitation is made up of 20.2 cm of rainfall and 210.1 cm snowfall for a
total of 41.2 c¢m precipitation. The prevailing winds are north and south at 9 to 18 knots (NWT Data
Book).

GNWT - Public Works & Services
Sewage & Solid Waste Site Selection FINAL REPORT
Kimmirut, NT Page 2



DILLON CONSULTING LIMITED

2.0 SYSTEM REQUIREMENTS

2.1 General

The system requirements are to develop a sanitation site that meets the requirements of the community
for the 20 year planning horizon. The loadings, volumes, and treatment requirements must be developed
to select appropriate technologies and size these technologies for the sewage treatment system and
landfill. This section develops the expected sewage and solid waste volumes that will be trucked to the
selected site over the planning horizon. For the purposes of this study the General Terms of Reference
for Sanitation Planning Studies, MACA is used. A 20 year planning horizon is used as required by
MACA's terms of reference.

2.2 Population

The NWT Bureau of Statistics has census records, and has developed population projections for
Kimmirut until 2006. The Bureau information is found in APPENDIX C. The population growth has
been projected to the end of the 20 year planning period. See Table 2.1, and the associated charts for
the population projections.

A growth rate of 2.31% was used to project the population beyond 2006. The growth rate used for the
population projections is the average growth rate of the NWT Bureau of Statistics from 2002 through
to 2006. The projected population at the end of the planning horizon (20 years) was calculated to be 738
residents in 2019.

These population projections are used to calculate sewage and solid waste generations over the planning
horizon.

2.3 Sewage Generation

In smaller communities where water delivery is provided by trucks, it can be assumed that the sewage
generated 1s equal to the water consumption. Therefore, the daily and annual sewage generation rates
for Kimmirut are approximately equal to the water consumption rates.

The MACA general Terms of Reference state that the standard criterion for water consumption in
communities of less that 2000 residents, and using trucked water can be estimated with the following

equation:

Water Use (I/c/d) = 90 led x (1 + 0.00023 x population)

GNWT - Public Works & Services
Sewage & Solid Waste Site Selection FINAL REPORT
Kimmirut. NT Page 3
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DILLON CONSULTING LIMITED

The factors of 0.00023 x population in the above equation represents the commercial and industrial water
use.

The projected sewage generation at the end of the planning horizon (2019) was found to be 28,300 m’

per year by the above equation. Table 2.1, and Chart 2.1 show the annual sewage generations over the
planning horizon.

4 Solid W G .

MACA's Terms of Reference include a standard for solid waste generation for communities with less
than 2,000 persons; the equation for calculating the solid waste generation is:

Solid Waste Generation (m’/d) = 0.01 m’/cd (1.0 + 0.00023 x population)
Table 2.1, and Chart 2.2 show the calculations of solid waste generation using this formula. They also
show the cumulative volume which will be generated during the 20-Year planning horizon and which
must be contained within a new solid waste site. The cumulative total solid waste is predicted to be
48,600 m’. This volume is based on the site being operated as a modified landfill which will include:

. Compaction of the waste mass with a dozer.

. Weekly cover with a thin (300 mm) granular layer.

GNWT - Public Works & Services
Sewage & Solid Waste Site Selection FINAL REPORT
Kimmirut, NT Pa
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Chart 2.1 Solid Waste Generation
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DILLON CONSULTING LIMITED

3.0 SANITATION SITE OPTIONS
3.1 Sites

The following sections provide some background on the sites and options developed during the Phase
[ and Phase II portions of the previous study. The information presented in these sections is provided
to bring forward the relative information and to allow for the evaluation of the new sites to the previous
sites.

Figure 3.1 illustrates the sites proposed during the Phase I and Phase II portions of the previous study.
as well as the two additional sites provided by PWS for this study.

Site 1

The Terms of Reference for Phase I indicated that site 1 was to be used for the sanitation site. The
proposed site from the development plan is located approximately | km south of the existing sanitation
site on the east slope of a rocky hill which drzins to the harbour.

The site is bounded on the north and south by rock bluffs. The area of the site is a draw, with typical
tundra vegetation. Access to the site is across several steep draws in the rock terrain. During Phase |
site investigation, order of magnitude excavation volumes for a sewage lagoon were developed. Rock
cuts and earth fills of up to 10 meters were estimated to be required to develop a lagoon on the proposed
site. This would result in quantities of rock blasting and filling in the order of 10,000 cubic meters. The
capital costs of such works would be high. Therefore, two other sites with shallower topography and
natural drainage basins leading to the harbour were examined for potential development.

Site 2

Site 2 is located at the base of the slope located down-gradient from the existing site. The site is at the
northern limit of the proposed new housing cevelopment and encompasses a portion of the proposed
housing units. The area is characterized by the presence of dense vegetation that is a result of the
increase in nutrients from the sewage effluent.

The site i1s bounded to the east by a rock bluff, and to the northeast by the marine bay. The topography
is sloped in a northeast direction with gradients between 5 and 12%. There is a defined drainage path
through the site that carries the sewage effluent flow from the current truck discharge location.

GNWT - Public Works & Services
Sewage & Solid Waste Site Selection FINAL REPORT
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DILLON CONSULTING LIMITED

Site 3

Site 3 is located in the centre of the proposed new housing development. The site is characterized by
a small shallow pond, and a relatively flat topography. The topography of the area slopes from the small
pond towards the marine bay. The drainage from this site is directed towards Site 2.

Site 4 (Existing Site)

The existing sanitation site, designated as Site 4, is located at the top of the south road from the town
centre. The site is a shallow valley with low rock ridges on three sides. The fourth side to the east drops
to a ravine which drains east approximately 400 m to the shore of the harbour. The site is currently
operated as an area landfill. This landfill site can be used for many years into the future as waste can
be deposited on the existing pad and covered with granular.

The existing sanitation site includes the solid waste disposal area, a trucked sewage discharge area, and
a bulky metals area. Sewage 1s discharged from the truck to the ground where it flows overland along
the edge of the solid waste site. The sewage flows down the steep face to the ravine, and out to the
marine inlet. No monitoring of this site currently exists. No engineered treatment of the sewage is
provided. Surface drainage from the sanitation site follows the path of the sewage discharge.

Site 5

This area contains a small wetlands and pond which drains to the West Bourne Bay and is not within the
Lake Fundo watershed. It is relatively tlat and can be converted to a lagoon without large amounts of
earthwork by damming the existing pond outlet. Access to Site 5 is from the new road to the water
supply pumphouse. The access road parallels Lake Fundo, and 1s approximately 1.8 km in length. The
access will be a difficult road to construct, and may require rock blasting and large areas of granular fill.

The stte 1s characterized by a tundra wetlands area bounded on the north and south by rock bluffs. To
the west there 1s a draw through the rock bluffs that provides an access route. To the east the site falls
steeply to the marine bay some 20 m below.

Site 6

This 1s in response to the need for a sanitation site, and a granular resource area. These two activities
can be combined. The area used as a blasting quarry, or a blast and crush operation, will result in a site
that may be suitable for a lagoon and landfill. This possibility is investigated further in this option. The
location of the facility can be selected on the ease of access to an area. The quarry site used in 1995 is
located on the water shed to Lake Fundo and, for this reason, is not a candidate area for this alternative.

GNWT - Public Works & Services
Sewage & Solid Waste Site Selection FINAL REPORT
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DILLON CONSULTING LIMITED

Site 7

Site 7 1s located approximately 2.2 kilometers west of the community. There is an existing road (1.5
kilometer) that accessed the old water truckfill location. A new road branching off this existing road
would need to be approximately 700 meters long to complete access to Site 7.

An airphoto review of Site 7 shows that there are two small ponds connected together by a small channel
(see Figure 3.1). The northern small pond drains into a larger lake. This lake is approximately 400
meters long and 80 meters wide at its widest section. The lake drains into another larger lake to the
north-cast, and measures approximately 600 maters long, and 100 meters wide at its widest section. The
terrain to the west and east of the lakes are generally enclosed by steep terrain, except for a small area
west of the lakes. This area appears to be flatter and contains some smaller ponds that are connected by
small channels. Reportedly, at least one of the lakes is five meters deep and contains fish.

A review of a 1:5000, and 1:2000 topographic maps obtained from MACA indicates that this site
generally slopes from the south to the north-west; however, the south extreme of this site appears to
drain into the watershed of the communities potable water source located south-east of Site 7. The most
northern lake appears to drain into Soper Lake by means of a small valley. The edge of Soper Lake is
approximately 600 meters from the edge of the second lake.

Site 8

Site 8 1s located approximately three (3) kilometers west of the community. Site 8 is approximately 800
meters from Site 7. Therefore, a new road branching off the existing road would need to be
approximately 1500 meters long to provide access to Site 8.

An airphoto review of Site 8 shows that there is a small pond in a narrow, deep valley at this site (see
Figure 3.1). The pond is only about 100 meters long, and 30 meters wide at its widest point. The valley
continues for about 700 meters southward before opening at the top of a hill and draining to a flat
wetland area. [t appears that this wetland area drains to a number of lakes south of Site 8, and flow may
ultimately be received by Pleasant Inlet.

A review of a 1:5000 topographic map obtained from MACA indicates that this site generally slopes
from the north to the south. Further review of the topographic map contirms the drainage path described
in the airphoto review. Although the topographic map indicates the drainage direction flows away from
the water supply water shed, this should be verified by a site inspection and a survey if required.

[t was reported by the Mayor of Kimmirut that there is often a lot of spring runoff flowing through this
valley, and some of the community’s residents like to hunt Ptarmigan here.

GNWT - Public Works & Services
Sewage & Solid Waste Site Selection FINAL REPORT
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3.2 Treatment Technologies

The following describes technologies identified as feasible for northern communities. Standard practice
in the NWT for sewage treatment and solid waste disposal has been limited to a few systems which have
proven cost effective. Previous studies (Heinke et al.) completed on behalf of MACA and other
government agencies have reviewed available technology and listed the most suitable for northern
communities, which are:

Sewage Treatment

1) Annual storage lagoon.

2) Wetlands treatment.

3) Mechanical plant (Sequencing Batch Reactor (SBR), Rotating Biological Contractor (RBC), Bio
Filter).

Solid Waste Disposal

1) Modified landfill.

A brief description of these disposal/treatment methods follows.
Annual Storage Lagoon

The annual storage lagoon concept has been used extensively through the Northwest Territories. In the
early years of sewage disposal, there were two (2) cells within the lagoon concept. A primary cell
provides 30 day hydraulic retention, while the second cell provides 335 day hydraulic retention. Due
to problems experienced in operating a two-cell lagoon system, a one-cell system with a total of 365 day
retention 1s now used. For this analysis, a s:ngle cell lagoon system with 365 day hydraulic retention
based on the 20-Year planning horizon will be used.

Typically treatment system 1s to be an aerobic lagoon, and as such a 2.0 m active depth 1s selected. The
berms to construct the lagoon would be made of granular material. As stated previously, no granular
resources currently exist in the community. A blast or blast and crush operation will be required to
develop the materal for lagoon construction. The material generated from the quarrying work will most
likely be a coarse granular that will provide for an exfiltration lagoon. A truck discharge pad and
discharge flue would be required at the up-gradient side of the lagoon.

Wetlands Treatment
The use of wetlands as a sewage treatment system has been used extensively in southern Canada. In

more recent years the use of tundra wetlands for domestic sewage treatment has been studied in the
NWT. Several communities currently use wetlands for sewage treatment (Yellowknife, Hay River,

GNWT - Public Works & Services
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Chesterfield Inlet, Baker Lake, Repulse Bay). Initially studies by Heinke et Al on behalf of MACA
established design parameters for the tundra wetlands treatment concept. Further study completed by
Dillon in 1994 added data to the development of design parameters for the calculation of expected
treatment/removal rates. Three communities were then the subject of a sampling program to determine
the effectiveness of wetlands as a sewage treatment system. These communities were Baker Lake,
Chesterfield Inlet and Repulse Bay. The work was completed by Dillon (1998) on behalf of the Nunavut
Water Board, MACA, DIAND, Environment Canada and the Department of Health. This work further
developed the understanding of the wetlands treatment processes, the expected effluent from a wetlands
area, and developed a set of desirable site characteristics for a wetlands area.

The work completed by Heinke, et Al indicated that the wetlands area should meet two criteria, one
based on organic loadings, the other based on hydraulic loadings. These loading are to be calculated on
frost free days experienced by the treatment area. The following are the criteria for these two
calculations:
Hydraulic Loading - 100 to 200 m’/ha.d
Organic lLoading - 8 kg/ha.d

The subsequent work on wetlands indicated that these criteria are a good first indication of the potential
effectiveness of an area for wetlands treatment, but do not accurately reflect the requirements for a
tundra wetlands development. The three systems studied by Dillon (1998) indicated that acceptable
results were achieved using areas that varied greatly to the above criteria. The values for hydraulic and
organic loading rates varied from 34 to 4000 m*/ha.d and 1.5 to 350 kg/ha.d respectively. The study of
the systems suggested that the following types of areas would be desirable for wetlands development;

. The site needs to be near the existing physical infrastructure of the community, ie roads.

. The discharge area for the trucks ideally should be into a sloping valley area. Slopes in the
range of 4:1 to 15:1 are preferred. The discharge area should have sufficient land area to store
the winter ice pack (about 8 months of sewage gencration). There should be minimal upgradient
water shed to the winter ice pack area.

. The discharge area should be sized to maximize the dispersion of the ice pack melt over the
greatest treatment area without significantly shortening the melt period of the ice pack.

. The treatment area needs slopes and gradients that will support vegetative growth, but will not
allow sewage flow to stagnate. Slopes of 2% to 20% appear to be reasonable and provide
adequate treatment.

. The treatment area should be defined by physical features.

. Community consultation, and the use of traditional ecological knowledge (TEK) in the selection
of a site 1s important.

. The treatment area should not form ¢ major part of the community water shed.

Mechanical Plant

Mechanical plants that are applicable for small communities include a rotating biological contractor
(RBC), a sequencing batch reactor (SBR), biological filters. and enhanced primary plants that use

GNWT - Public Works & Services
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chemical flocculation and sedimentation/precipitation technologies (Proteus etc.). These types of
treatment equipment have been used successfully in northern Canada (Manitoba, Ontario, Saskatchewan.
Alberta), and also in the NWT (BHP, Diavik. Hope Bay). The capital and life cycle costs are similar for
SBR and RBC's. Further analysis in the selection of the most appropriate mechanical treatment should
be completed, in the event that the mechanical plant is selected as the best option. Mechanical plants
are enclosed in a heated building. This physical barrier allows the plant to be located within the 450 m

health setback criteria. The discharge from the plant is normally piped to a point outside the 450 m
setback.

Landfill Technologies

The surficial geology in the Kimmirut area precludes the use of a trench excavation and fill type of
operation for a landfill. The new facility will be operated similar to the existing landfill. Waste will be
placed over the ground and covered weekly with granular material. If available, a bluff or slope of land
would provide for a dumping area and simplify the landfill operation. The operation would include:

. Compaction of the waste with a dozer.
. Covering the waste with a dozer.
. Covering the waste with granular material. This material will come from the blast (or blast and

crush) operation described earlier.

3.3 System Alternatives and Nomenclature

As identified in a Section 2.2 six (6) sites were identified in the Phase I and II portions of the work as
potential locations for a waste disposal site.

Through the site investigation and site development process, it is apparent that not all sites can support
each of the sewage treatment alternatives. For example, there is insufficient available land area to

support a wetlands treatment system at Site 1.

The following are the system alternatives that were carried forward for further analysis in Phase I and
II portion of the study. A nomenclature has been developed for these alternatives for easy reference.

L1 Construct an annual sewage storage lagoon at Site 1. A landfill is to be developed up-gradient
of the lagoon.

L2 As above, only at Site 2.

W2  Construct a wetlands sewage treatment system at Site 2 with a landfill site up- gradient of the
sewage discharge location.

GNWT - Public Works & Services
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W3

M1

M4

L5

M2

G6

As above, only at Site 3.
Construct a mechanical plant at Site 1 with a landfill site at Site 1.

Upgrade the existing landfill site for future use and install a mechanical sewage treatment plant
near the existing landfill site.

The development of an annual storage lagoon and area landfill at Site 5. The access road to this
site becomes critical in the development of the costs. To be able to develop Class 'C' estimates.
additional mapping was developed through existing air photo control surveys MACA had
available.

The development of a mechanical plant at Site 2. A landfill site is to be developed away from
the proposed housing area. M2 is similar in concept to the work completed previously; however
it is developed further to address the concerns raised by the Baffin Regional Health Board.

This is in response to the need for a sanitation site, and a granular resource area. These two
activities can be combined. The area used as blasting quarry, on a blast and crush operation,
will result in a site that may be suitable for a lagoon and landfill. This possibility is investigated
further in this option. The location ot the facility can be selected on the ease of access to an
area. The quarry site used in 1995 15 located on the water shed to Lake Fundo and, for this
reason, is not a candidate area for this alternative.

A description of each alternative at its respec:ive site follows.

3.3.1 Annual Storage Lagoon at Site 1 - L1

Due to the terrain, there is a requirement to remove bedrock material to develop a lagoon. The

development of'a 120 m x 120 m area with an approximate depth of 2.0 m will require rock removal of

up to 15 m in depth.

Access to the site will require the development of a road from the existing infrastructure through the

rugged terrain.

The area immediately up-gradient of the lagocn site is suitable to develop as a landfill facility. The site

can be operated as an area landfill. Granular material will be required for cover, and there is no available

granular resource near the site. Again, it will require a blast and/or blast and crush operation to generate

granular cover.
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3.3.2 Annual Storage Lagoon at Site 2 - L2

Site 2 1s located in the drainage area of the ex:sting sanitation site and sewage currently flows through
the site. Therefore, using this site for a lagoon is advantageous as it uses the existing disposal area and
minimizes the close-out procedures for the existing facility. An annual sewage lagoon can be
constructed at this site. Rock blasting similar to Site 1, would also be required at this site.

This site 1s within the 450 m setback from existing development and the proposed development. Use
of this site will require a change to the Community Plan as well as relaxation of the 450 m buffer criteria
from the Department of Public Health. The site is separated from existing development by a cliff which
provides a deterrent to human and animal act.vity between the site and the community. Access to the
site 1s possible through the construction of a road along an existing draw.

3.3.3 Wetlands at Site 2 - W2

A direct discharge wetlands can be developed at Site 2. The solid waste facility can be situated
immediately up-gradient of the sewage discharge point. A small primary retention pond is required to
allow for solids/floatables removal prior to the sewage effluent entering the wetlands area. This pond
would be sized for 10 day retention. The effluent will flow over the front dike to the wetlands area.
There 1s no requirement for an overflow struct.re on the pond. In winter months, the sewage freezes in
an ice mass at the top of the wetlands. The wiater sewage is released through melt water over a period
of time in the spring. The primary pond is not designed or intended to hold the winter's sewage
generation.

Berms are required to divert run-off/precipitation away from the wetlands treatment area on the up-
gradient side of the landfill site. These will minimize the hydraulic loading on the wetlands that would
be created by the precipitation run-off. The site provides the minimum land requirements for hydraulic
loading criteria.

3.3.4 Wetlands Treatment at Site 3 - W3

Site 3 is an existing pond situated within the new development. This pond can be dammed and drainage
control ditches and berms installed to define an engineered wetlands treatment area. The dammed pond
will provide for a primary cell and hydraulic retention of sewage. The effluent will decant over the front
dike throughout the summer and flow through the wetlands and discharge into the harbour. The
wetlands is expected to provide the secondary and tertiary treatment as the sewage effluent flows among
rocks and vegetation, Wetlands treatment has been shown to provide very high quality treatment of
sewage in other northern sites (i.e. Hay River, Yellowknife, and Chesterfield Inlet).

Site 3 1s outside of the 450 m setback from existing development. Site 3 is located on the harbour
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watershed and does not drain into Lake Fundo. It is also located within Phase I of the Community Plan.
Use of Site 3 will require a new Community Plan. A solid waste facility could be developed adjacent
to the primary cell, or retained at the existing location. For the purpose of analysis, a new site adjacent
to the primary cell will be assumed. Access is to be provided via a short road to the new access road to
the water pumphouse facility.

3.3.5 Mechanical Sewage Plant at Site 1 - M1

A mechanical sewage plant can be installed at Site 1 within the effluent outfall discharging down the
valley to the harbour. The installation of a mechanical plant at Site 1 is carried forward for analysis as
a comparison to a lagoon at Stte 1.

The development of a landfill will be the same as in Option L1.

3.3.6 Upgrading the Existing Facility and Install a Mechanical Plant - M4

The 1980 report by the Department of Public Works and Services indicated that the existing site could
provide adequate landfill capacity till the Year 2000. This site has been leveled through the operation
of the landfill over the past decades. It provides adequate space for bulky metal disposal, domestic
landfilling, and truck access and waste dumping. Granular material is required to provide cover over
the waste mass. Continued use of the site as a landfill site will require minimal remedial works. Due
to the operation of the site, it 1s expected that the area can be used for solid waste disposal for the next
20 years using an area fill method.

The existing sewage disposal methods do riot meet the requirements of the current guidelines with
respect to treatment and site control. An annual lagoon will require the entire landfill area for
construction. Further, construction of a lagoon over an old landfill is not recommended. It would be
expected that sewage would penetrate the landfill mass and generate high quantities of leachate.
Settlements under the lagoon would be expected as the waste mass decomposes and compacts. These
settlements will be reflected into the lagoon floor and berm walls, and will result in high maintenance
costs for the lagoon. Therefore, a lagoon on this site is not acceptable, and not carried forward for
turther analysis.

Sewage treatment may be achieved at the existing site through the installation of a mechanical plant.
The plant can be constructed adjacent to the landfill truck pad. Treated sewage effluent will be
discharged down the ravine slope similar to the current raw discharge.
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3.3.7 Annual Storage Lagoon and Landfill at Site 5 - LS

Site 5 1s a wetlands and pond approximately 2 km from the southern end of the planned development
and approximately 3 km from the community. The site is suitable for creating a natural pond lagoon by
damming the eastern outlet to the harbour to create suitable depth of 2 to 2.5 m for and annual storage
lagoon. A solid waste landfill can be constructed up-gradient of the lagoon. The site is well outside of
the 450 m setback from the development and well outside of the airport clearance of 2 km on the non-
approach side. The site will require a gravel access road across rocky and sloped terrain. The cost of
trucking sewage and solid waste to this site will be higher than to the other sites.

The site investigation and potential routes to construct an access road to the site were reviewed. The
access road shown has grades up to 12%. This is consistent with road grades that currently exist in the
community, and meets MACA's criteria for roadways. Areas of this road may be subject to snowdnifting
in the draws through the rock valleys. Further work in this area may be warranted in the event that Site
5 is the selected option.

3.3.8 Mechanical Treatment Facility - M2

In this alternative, a "mechanical" type treatment plant will be constructed at Site 2. This plant will be
totally enclosed in a weatherproof building.

Three alternative discharge points have been identified as follows:
. Shoreline Discharge (M-SD2)

A pipeline to convey the treated effluent to a point at least 450 m from the proposed
development (normal setback requirements) at the shoreline of the harbour. Treated
effluent will be discharged through a pipeline to the marine environment.

. Deep Water Discharge (M-DW2)

A pipeline to convey the treated effluent to a deep water discharge location in the
harbour. This will require underwater installation of the pipeline and pipe protection
to avoid ice and freezing damage. This type of construction has not been completed in
the NWT. There are several problems to be addressed in the design and construction
of an underwater discharge, i.e., underwater rock blasting, pipe protection, tidal zones,
fishery concerns.

GNWT - Public Works & Services
Sewage & Solid Waste Site Selection FINAL REPORT
Kimmirut. NT Page 17



DILLON CONSULTING LIMITED

. Land Discharge (M-LD2)

Discharge directly from the treatment plant to the land just east of Site 2. Overland, the
treated effluent will follow the discharge path to the marine environment.

The level of "mechanical" treatment required to meet the "Guidelines for the Discharge of Treated
Municipal Wastewater in the Northwest Territories" (NWT Water Board, 1992) 1s a function of the point
of discharge. Identified treatment requirements for each of the three points of discharge are as follows:

Deep Water Discharge - Alternative (M-DW2)

The mechanical treatment plant will be designed to macerate or remove coarse solids from the sewage
influent prior to deep water discharge. The mixing zone established at the point of entry to the marine
environment will be used to meet established discharge criteria for BOD, and Suspended Solids (SS).
This i1s primary treatment of the sewage. This system has recently been installed in Rankin Inlet and has
met the regulatory requirements.

A site specific study may be required for the implementation of this alternative. Bathymetric surveys
to locate the outfall pipe will be necessary. Further study on the ice loadings will also be required in the
design stage.

Shoreline and Land Discharge - Alternatives (M-SD2, M-LD2)

The mechanical treatment plant will be identical for each of these alternatives and will generally consist
of the following unit operations:

. Influent Screening
. Biological Treatment
. Waste Sludge Storage (for subsequent landfill disposal).

Biological treatment will be through the Retating Biological Contractor (RBC) or Sequencing Batch
Reactor (SBR) processes. Both of these treatment processes are proven technologies for the removal
of BOD, and SS. At the planning level, a distinction between these two alternative biological treatment
processes is not necessary as they have similar life cycle costs. This process provides for a secondary
level of treatment.

Although the mechanical plant will be designed to meet guideline levels at the point of discharge, if the
effluent is land applied then further removal of BODj, SS and fecal coliform will likely occur both
physically and biologically (depending on the season) as a result of the environment that has been
established through historical sewage disposal practices. If the mechanical treatment plant discharges
to the shoreline, however, further levels of contaminant removal will not be achieved prior to marine

GNWT - Public Works & Services
Sewage & Solid Waste Site Selection FINAL REPORT
Kimmirut. NT Page 18



DILLON CONSULTING LIMITED

disposal.

Public health concerns resulting from accessibility of the discharge point by the public is of equal
magnitude in both alternatives, even though the shoreline discharge point will be located outside of the
450 m setback requirement normally imposed on the development of these facilities. To mitigate this
risk, fencing will be required in both cases.

The mechanical treatment plant will be designed to remove BOD. and Suspended Solids (SS) to levels
below or at established guidelines of 100 mg/1 and 120 mg/1 respectively for discharge to a marine
environment. These levels will be achieved «t the point of discharge, namely the shoreline or the land
directly east of Site 2.

The landfill operation will be an area landfill to the south of the proposed subdivision. The existing
landfill cannot be used as it 1s within the 450 m setback requirement.

3.3.9 Annual Storage Lagoon and Landfill at Quarry G6

This alternative was suggested to reduce the cost of construction of a lagoon in the rocky land just south
of the new development by blasting the cut for the lagoon during the potential blast and crush operations
to provide the community with granular material. It is expected that there will be a requirement for a
blast, or blast and crush operation every one or two years to stockpile granular material in Lake Harbour.
This operation leaves an empty area which could be used to provide the flat area required for a lagoon.

The method of quarrying currently used by the GNWT requires minimum 8 to 10 m depths for the
blasting to provide adequate fracture of the rock. The lagoon will require a storage volume of 27,000
m’ as developed in Section 4.2. The lagoon is to be 2.5 m in depth to provide for aerobic activity and
2.0 is preferred. At 2.0 m depth the lagoon will have a surface area of 13,500 m*. Therefore, the quarry
bottom must be blasted to provide that same area of 13,500 m”.

Public Works and Services estimates that the community uses 2000 m’ of granular material per year for
road maintenance, road expansion, and housing pads. Some additional granular material is used for
specific projects every few years such as the new water supply road. For the development of this
alternative, it will be assumed that an average of 3000 is used per year. At a depth of 10 m, 3000 m’
is an area of 300 m”. It will therefore requirz 45 years to clear sufficient area to construct an area with
sufficient space for a lagoon. The total volume of granular material to be developed to clear a site for
the lagoon is 150,000 m’.
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3.4.1 Process of Evaluation

To evaluate the alternatives, a systematic decision making process is used. The intent of using a process
as a tool 1s to aid in the selection of the best alternative when there are several parameters that govern
the alternative selection.

All options must meet a set of minimum critical criteria which has been identified as the preselection
criteria. Those options that meet the preselection criteria are weighted against a set of needs. Each
“needs” criteria is ranked for its importance in the selection process. A ranking of 10 represents a
highest priority and a ranking of 0 represents the lowest priority.

Each alternative is then given a rating of 1 to 10 for each criteria. Again, 10 is the highest and 0 is the
lowest rating. The product of the criteria priority and the alternative rating give weighted scores. The
sum of the weighted scores for each alternative results in the total weighted score for that alternative.
The alternative with the highest total weighted score is identified as the best balanced choice. That
alternative is then assessed for its risk of failure. If the failure mechanisms identified for this alternative
can be mitigated against, or are of low risk, this alternative often becomes the selected alternative.

3.4.2 Analysis of Alternatives

There 1s only one "must" criteria for this analysis, i.e., the site must meet the approval of the regulatory
agencies. All options must treat the sewage, and dispose of the solid waste in accordance with the
current guidelines for disposal of municipal waste. All alternatives that do meet this criteria are carried

forth to be analyzed against the "want" criteria.

The "want" criteria and the weighting given to these criteria are listed below:

1) The system is to minimize the capital cost of construction. This has a weighting of 10.

2) The system is to minimize the life cycle costs. This has a weighting of 10.

3) The system is to maximize compliance to regulatory requirements. This has a weighting of 5.
4) The system is to have a minimal effect on the Community Plan. This has a weighting of 6.
3) The system is to maximize conformance to the 450 m health setback from existing and future

development. This has a weighting of 4.
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Capital costs, operating costs and life cycle costs for each alternative are calculated and shown in
APPENDIX A. The cost estimates are based on:

Historic construction costs of similar projects completed by the Government of the Northwest
Territories.

Operation and maintenance costs are calculated according to the following percentages of
capital cost.

. Trucking As calculated in APPENDIX A.
. Access Road 10%

. Lagoons 5%

. Pipelines 1%

. Power Supply 1%

. Mechanical Plants 7.5%

Total life cycle costs are calculated as the sum of the capital cost, plus the present value of the annual
operating costs over a 20 year period using an 8% discount rate.

A summary of the individual ranking is carried forward to Section 6 for comparison with the additional
alternatives.
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4.0 ISSUES RELATED TO THE NEW OPTIONS
41 SiteD .

Since the Phase I and Phase II activities, two additional sites have been identified by Public Works and
Services (Iqaluit), and provided to Dillon for planning considerations. The two sites are designated as
Site 7, and Site 8. Figure 4.1 illustrates the plan view of these two site areas.

2 Siting Constraints

The following sections discuss and compare the sites and their locations to minimum criteria, conditions,
and constraints that should be met.

4.2.1 Community Plan

Dillon obtained the most recent community plan information from MACA in [qgaluit. The council
approved development plans for the Phase I planning design for the Soper Lake Development in 1998.
The Soper Lake Development 1s located approximately a kilometer north-west of the community.
Reportedly, an access road to the new development site has already been constructed. The Southern
Valley Development has not yet been approved by council. Reportedly, there are several factors that
are preventing the approval of this development. The three major reported factors are: the possibility
of relocating the communities’ airstrip, the siting of the sanitation site and the location of the proposed
new arena. The approved Soper Lake Development, and the existing plans for potential developments
in the southern valley do not have any impact on Sites 7, and 8.

4,3  Proposed Access Roads

A proposed access road was provided to Dillon by Mr. David Parker of Public Works and Services (PWS
Igaluit). Mr. Parker walked the alignment and plotted the approximate route on a 1:2000 topographic
map. This information was used to develop quantity estimates for constructing the access road to Site
7 and Site 8. Note that the imtial 700 meters of new access road is common to both sites. Site 8 requires
an additional 800 meters of length, or total .ength of 1500 meters.
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4.3.1 Granular Resource Review

A granular resource review report was performed during the Phase [ portion of this project. Generally
Kimmirut is deficient of any good sources of granular, and relies on periodic blasting and crushing
operations to provide for the community’s requirements. In 1998, a new road was installed part way to
the area known as the “Reversing Falls” located at the discharge of Soper Lake. It is reported by PW&S
that there is in excess of 45,000 m® of granulzr at this site. The community is responsible for the sale
of the resource. The cost of material from this source is $30/truck load, which is approximately 4 m’
of material.

This value of approximately $8/m”, is significantly less than the cost of granular from the blast and crush
operation completed in 1995. The cost in 1995 was approximately $70 to $95 per m’.

In addition to the supply pit price of the granular, is the cost to haul and place the material. This will
increase the cost of road and berms works to $25 to $30/m’>. This is significantly lower than the value

used in the previous studies. To reflect this new information, all options are reestimated using the value
of $25/m’.

4.3.2 Access Road Granular Quantities

Using the given route, contour elevations from the topographic map, and a set of minimum design
requirements the approximate granular requirernents were calculated and summarized in Table 4.1 (3.1).

The following are the minimum design requirements that were used:
The road width is 6.0 meters.

The side slopes are 3:1.
The minimum fill required is 0.5 meters.

B R I N P

Two maximum grades were also used for comparison, namely 10%, and 12%.

Table 4.1 (3.1) Granular Quantities for Access Road

Granular Quantity for Maximum Grades (m’)
Grade 12% 10%
Site 7 9000 9700
Site 8 (with adjusted alignment) 17000 19000

The detailed estimates and general profiles are in APPENDIX B.
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5.0 NEW OPTION
3.1 Treatment Options
The Annual Storage Lagoon, and Wetlands Treatment will be two technologies carried forward as

treatment technologies. The Modified Landfill will be carried forward as a feasible solid waste disposal
technology.

The use of a mechanical plant is not carried forth, as there is no benefit to locate the plant at site 7 & 8
over that of the site closer to the community, tut there would be high costs to develop the roads and the
power lines to the site.

<9 Plannine Option Identification
The given sites (Site 7 and Site 8) will be assessed with both feasible sewage treatment technologies,
while the modified landfill will be cost estimated into both sites as there 1s only the one feasible
technology for handling solid waste. The following are the system alternatives that are carried forward

for further analysis, for these alternatives are:

L7 Construct an annual sewage storage lagoon at Site 7. A landfill would be developed up-gradient
of the lagoon.

L8 As above, but at Site 8.

W7 Construct a wetlands sewage treatment system at Site 7 with a landfill site up- gradient of the
sewage discharge location.

W8 As above, but at Site 8.

The following sections describe the development of the alternatives.

53 Lagoon. Wetlands, and Landfill Sizing

Calculations for the sizing of the annual storage lagoon, wetlands treatment area, and landfill sizing are
included in APPENDIX D. A summary of the footprint area calculations for each system is shown in
Table 5.1.
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Table 5.1 Footprint Areas for Respective Systems
SYSTEM FOOTPRINT AREA
Annual Storage Lagoon 26,000 m’, or 160 m x 160 m.
Wetlands Treatment Area 40 hectares
Modified Landfill 13,500 m*, or 120 m x 120 m

5.4 Annual Storage Lagoon at Site 7 - L7

Figure 5.1 illustrates the lagoon concept at this site. A berm south of the smaller lake, and a berm north-
west of the larger lake would have been constructed between the existing slopes to contain the sewage.

This option 1s rejected for the following reasons:

. Using a maximum operating depth of two meters, this lagoon would only be able to store
approximately 18,000 m’, when 28,300 m® of storage is required in Year 20.

. The south berm i1s located in the community’s watershed. There is a risk that this berm could
leak sewage effluent into the community’s watershed eventually reaching the water supply lake.

. Adequate space at Site 7 could not be found to locate the new landfill.

As a result of these L7 will not be carried forward for further analysis.

5.5 _ Annual Storage Lagoon at Site 8 -1.8

Conceivably, a lagoon could be built by constructing berms to the south of the existing pond at Site 8.
The existing valley walls and natural topography would have been used for the north, east, and west
sides of the lagoon. However, using a maximum operating depth of two meters, this lagoon would only
be able to store approximately 5000 m’, when 28.300 m’ of storage is required in Year 20. (Figure 5.2)

As the capacity of a lagoon at this site 1s an order of magnitude smaller than the required volume, this
option will not be carried forward for further analysis.
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5.6 Wetlands Treatment at Site 7 - W7

A sewage wetlands treatment system could be developed at Site 7. The berm configuration would be
similar to the lagoon plan but the berms wou.d not be as high, nor would there be a required retention
time for the initial cell (primary retention pond). See Figure 5.3 for a conceptual plan of the wetlands
treatment at Site 7.

The primary retention pond would be used to allow solids and floatables to be removed prior to the
sewage effluent entering the second holding pond, then the first lake to the north-east. In winter months,
the sewage freezes in an ice mass at the top of the wetlands. The winter sewage is released through melt
water over a period of time in the spring. The primary pond is not designed or intended to hold the
winter's sewage generation. The wetlands is expected to provide the secondary and tertiary treatment
as the sewage effluent flows through the receiving lakes, and among rocks and vegetation.

The drawbacks associated with this concept ere:
. Adequate space at Site 7 could not be found to locate the new landfill.

. The ultimate receiving water body is Soper Lake, which is part of the Soper River Watershed.,
and fails the preselection criteria developed by MACA.

. There are not the 40 hectares required on this site for a wetlands.

As a result of these drawbacks, W7 will not be carried forward for further analysis.

5.7  Wetlands Treatment at Site 8 - W8

This is similar to that described for option W7. There is an existing pond at Site 8. This pond can be
dammed (primary retention pond), and drainage control ditches and berms constructed to define an
engineered wetlands treatment area. The dammed pond would provide for a primary cell and hydraulic
retention of sewage. The effluent would decant over the front dike (on the south side) throughout the
summer, flow south through the additional retention ponds, and wetlands for additional treatment.

This option would require a slightly longer access road (Approx. 100 meters) and a changed alignment
so that the sewage offloading would occur at the up-gradient end of the primary retention pond. The
landfill would be situated inside the road slopes. The topography map illustrates that should the landfill
leachate seep through the road, it will flow towards the wetlands south of Site 8. See Figure 5.4 for a
conceptual plan of the wetlands treatment area and landfill at Site 8.
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Some drawbacks associated with this concept are:
. A slightly longer, and therefore more expensive access road would be required.
. The landfill site 1s situated on a high opography and will likely be visible for a long distance.

As none of these drawbacks affect the system requirements nor violate any preselection criteria, W8 will
be carried forward for further analysis.

Quantity estimates for this option are found in APPENDIX E.
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DILLON CONSULTING LIMITED

6.0 EVALUATION

This section follows the format for analysis described in Section 2.5.
6.1  Detailed Analysis of Alternatives

The initial "must" and "want" criteria as listed Section 2.5 has not changed. All the selected options
must meet the requirements of the 450 m setback, the community development plan, and effluent
discharge criteria. Only option W8 passed all of the preselection criteria, therefore W8 is the only option
carried forward for further analysis. See Section 5 for a discussion of all the potential options.

Capital and life cycle costs are calculated for &l options, and are shown in Table 6.1. The cost estimates
are based on:

. Historic construction costs of similar projects completed by the Government of the Northwest
Territories where available.

. Operation and maintenance costs are calculated according the following percentages of capital
cost:
. Sewage Lagoons 5%
. Wetlands Sewage Treatment 5%
. Access Road 1%
. Trucking As calculated in APPENDIX F

Total life cycle costs are calculated as the sum of the capital cost, plus the present value of the annual
operating costs over a 20-Year period using an 8% discount rate. This rate is set in MACA's Standards
and Criteria.

57 Compari Previous Options

All of the options that have passed the preselection criteria since the beginning of the project are brought
forward and scored against each other for comparison in Table 6.2. The prioritized scores and options
are summarized in Table 6.3.

GNWT - Public Works & Services
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Kimmirut, NT Pa

ag
(47
LI
2]



Table 6.1 SEWAGE DISPOSAL SYSTEMS ALTERNATIVES

COST ESTIMATES

ITEM UNITS PRICE L1 Qty L1 L2 Qty L2 W2 Qty W2 W3 Qty W3 M4 Qty M4 L5Qty L5 M2 Qty M2 G6 Qty G6 w8 Qty ws

CAPITAL COSTS

Lagoon cut and fill m3 $95 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 | 150000 $14,250,000 0 $0
Earthen berms m3 $25 51000 $1,275,000 37000 $925,000 3000 $75,000 3000 $75,000 0 $0 1000 $25,000 0 $0 5000 $125,000 3000 $75,000
Mechanical Plant each $750,000 0 $0 0 $0 0 $0 0 $0 1 $750,000 0 $0 1 $750,000 0 $0 0 $0
Sludge Handling each $50,000 0 $0 0 $0 0 $0 0 $0 1 $50,000 0 $0 1 $50,000 0 $0 0 $0
Stick Built Building each $80,000 0 $0 0 $0 0 $0 0 $0 1 $80,000 0 $0 1 $80,000 1 $80,000 0 $0
Outfall Structure each $80,000 0 $0 0 $0 0 %0 0 $0 1 $80,000 0 $0 1 $80,000 1 $80,000 0 $0
Truck Turnaround m $25 400 $10,000 400 $10.000 400 $10,000 400 $10,000 400 $10,000 400 $10,000 400 $10,000 400 $10,000 400 $10,000
Discharge Flue each $5,000 1 $5,000 1 $5,000 1 $5,000 1 $5,000 0 $0 1 $5,000 0 $0 0 $0 1 $5,000
Portable Pump each $10,000 1 $10,000 1 $10,000 1 $10,000 1 $10,000 0 $0 1 $10,000 0 $0 0 $0 0 $0
Clearing/Grubbing h $2,000 1 $2.000 2 $4,000 1 $2,000 1 $2,000 0 $0 0 $0 0 $0 0 $0 0 $0
Access Road m3 $25 6000 $150,000 3000 $75,000 3000 $75,000 1000 $25,000 0 $0 24000 $600,000 0 $0 10000 $250,000 17000 $425,000
Fower Suppiy A/G m 333 0 30 0 30 o 30 o] 30 100 33,300 0 30 48 $1,564 48 $1.584 G $C
Power Supply U/G m $330 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 o] $0 0 $0
Additional Design each $50,000 0 $0 0 $0 1 $50,000 1 $50,000 0 $0 1 $50,000 1 $50,000 1 $50,000 1 $50,000
SUBTOTAL $1,452,000 $1,029,000 $227.000 $177,000 $973,300 $700,000 $1,021,584 $14,846,584 $565,000
Contigency Allowance @ 20% $290.400 $205.800 $45.400 $35,400 $194 660 $140,000 $204,317 $2,969,317 $113,000
TOTAL CAPITAL COSTS $1,742,000 $1,235,000 $272.000 $212,000 $1,168,000 $840,000 $1,226,000 $17,816,000 $678,000
O & M COSTS

Lagoons 5.0% $63,750 $46,250 $3,750 $3,750 $0 $1,250 $0 $718,750 . $3,750
Mechanical Plai  10.0% $0 $0 $0 $0 $80,000 $0 $80,000 $0 $0
Stick Built Build  5.0% $0 $0 $0 $0 $4,000 $0 $4,000 $4,000 $0
Roads 1.0% $1,600 $850 $850 $350 $100 $6,100 $100 $2,600 $4,350
Discharge Flue  1.0% $50 $50 $50 $50 $0 $50 $0 $0 $50
Portable Pump 5.0% $500 $500 $500 $500 $0 $500 $0 $0 $0
Power Supply 0.01 $0 $0 $500 $500 $33 $500 $516 $516 $500
Monitoring lump sum $0 $0 $15,000 $15,000 $5,000 $0 $5,000 $5,000 $15,000
LIFE CYLE TRUCKING COSTS $6,102,000 $5.864,000 $5.864,000 $4,500,000 $5.864 000 $6,501,000 $5,864,000 $5,864,000 $4,900,000
TOTAL ANNUAL O & M COSTS $65,900 $47,700 $5,700 $5,200 $84,100 $8,400 $84,600 $725,900 $8,700
PRESENT VALUE OF O & M COSTS ** $647,000 $468,000 $56,000 $51,000 $826,000 $82,000 $831,000 $7,127.000 $85,000
PRESENT VALUE COST OF CAPITALAND O & M ** $8,491,000 $7,567,000 $6,192,000 $4,763,000 $7.858,000 $7,423,000 $7,921,000 $30,807,000 $5,663,000
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DILLON CONSULTING LIMITED

Table 6.3 Summary of Scores for Options
Score Option Description
295 W3 Wetlands sewage treatment at Site 3, with the existing landfill upgraded to

receive solid waste.

275 W8 Wetlands sewage treatment at Site 8, with the landfill developed adjacent to
sewage dumping area.

249 L5 A sewage lagoon at Site 5, with a landfill up-gradient of the lagoon.

230 W2 Wetlands sewage treatment at Site 2, with the landfill developed up-
gradient of the wetlands.

223 Ml A mechanical sewage plant at Site |, with a landfill developed at Site 1.

213 L1 A sewage lagoon at Site 1, with a landfill up- gradient of the lagoon.

167 M-SD-2 | A mechanical sewage plant at Site 2. The landfill would be developed up-
gradient of Site 2.

165 L2 A sewage lagoon at Site 2, with a landfill site up- gradient of the lagoon.
154 M4 A mechanical sewage plant at Site 4, with a landfill developed at Site 4.
144 Go6 A lagoon and landfill would be developed in an area provided by a granular

blasting operation. The blasting operation would remove as much material
for an area large enough to site both the lagoon and landfill.

From the development and analysis of the options, the following can be stated:

. Wetlands treatment options are generally among the highest scoring mainly due to their
relatively low capital and lifecycle costs compared to other technologies.

. The use of a mechanical plant with various discharge systems will have a capital cost of $2.2
to $3.2 million. and annual operating costs of approximately $150,000.

. The cost of developing a sanitation site from a quarry operation is prohibitive.

The best balanced choice is W3, a wetlands treatment area facility at Site 3. This option has an
estimated capital cost of $272,000, and life cycle cost of $6,192,000. The next best balanced choice is
W38, a wetlands treatment area at Site 8. This option has an estimated capital cost of $672,000, and life
cycle cost of $5,719,000.

GNWT - Public Works & Services
Sewage & Solid Waste Site Selection FINAL REPORT
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DILLON CONSULTING LIMITED

The best balanced choice for a lagoon facility would be option L5, which is located at Site 5. This
option’s estimated capital cost is $840,000, and the respective lifecycle cost is $7,423,000.

With respect to mechanical treatments, the best balanced option would be M1, at Site 1. This option has
an estimated capital cost of $1,800,000, and a life cycle cost of $8,500,000.

As discussed, the best balanced choice from the analysis is a wetlands treatment system at Site 3 (W3),
with a landfill operated adjacent to this site. Should this option be selected, the community plan would
have to be revised, and the development of housing lots relocated to another area.

The 1tems of risk associated with this development are:
1. The community does not want to, or can not, develop alternative land areas for housing. This

may result in the development of Site W3 being stopped part way through development, or that
it operates for a short period of time. and because of land pressures is abandoned.

[£S]

The wetlands concept 1s receiving regulatory approval elsewhere; however there are no
approved standard design values for engineering a site. There is a risk that the site may have
a lag period of start-up problems that result in non-compliance to the discharge guidelines.

The next best balanced alternative is a wetlands treatment system at Site 8 (W8), with a landfill operated
adjacent to this site. This site is far removed from the community and would not impact the community
plan at all. W8 carries the following potential risks:

1. Potential road blockage from snowfall or washouts.
2. [tem 2. as noted above.

The third choice 1s L-5, a lagoon at Site 5 with a landfill upgradient of the lagoon. The technologies to
construct and operate an access road, lagoon, and area landfill are common throughout the Northwest
Territories. The risks with this option are items | as noted above, ie. Concern with the access to the site
in the winter due to snow.

Any of the mechanical plant options would make the facility the first mechanical plant for the GNWT
in a remote. small community. The skills to operate the plant do not currently exist within the
community. The risks associated with the implementation of this alternative are:

1. Power failure to the plant. If longer “han + 6 hours, it could result in complete plant failure or
damage. Power failures occur a few times each year in the communities. A stand-by on-site

GNWT - Public Works & Services
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DILLON CONSULTING LIMITED

power generator would mitigate the nisk of plant failure in the event of a power failure. The risk
of both prime and stand-by power failing at the same time is low, with a medium severity in the
event of a six (6) hour failure,

2 Freeze-up of discharge pipe. This is a low risk. Numerous pipe systems are installed in the
Northwest Territories. Designs have been developed to mitigate the risk of failure. The pipe
can be by-passed in the event of failure. This is a low risk and low seventy.

3. Operator problems that result in plant failure. This is a medium risk as the operators have no
previous experience. Through training, the operators can become proficient at the plant
operation. In the early years, the risk and severity may be medium, but with experience of the
operators increasing with time, this risk will reduce.

4. Increased construction costs due to the lack of previous experience of contractors. This is a low
risk and has a low impact on the prosect as a whole.

S. Failure to meet regulatory compliance. If the plant is operated correctly. the risk is very low.
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7.0 SUMMARY OF REPORT/CONCLUSIONS

To date, there have been three separate projects undertaken for the Kimmirut sanitation planning study.
The first portion of the study was performed in 1994, and investigated four separate sites encompassing
a total of six options. This part of the study was designated as Phase I. The next portion of the study
was conducted in 1995, and was designated as Phase II. Phase II investigated two more sites. Finally,
this study has brought forth an additional two sites. Overall, eight sites and ten options have been
evaluated.

The results of all the work to date conclude that the development of Site 3 as a wetlands sewage disposal
facility and area landfill (W3), is the best balanced choice. The implementation of this option would
negate the current Community Plan.

The analysis of Phase I, Phase II, and the additional options developed in this study, can be distilled as
follows:

. The best balanced choice for a sanitation site would be a wetlands system at Site #3, with an
area landfill adjacent to the wetlands. This alternative has a capital cost of $212,000 and a life
cycle cost of $6,400,000. However, it precludes the use of the Southern Valley as a housing
subdivision.

. The use of the Southern Valley as a housing subdivision, suggests the use of Site 8 as a
sanitation site with a capital cost of $672,000 and a total life cycle cost $5,729,000.

. The use of Site 3 for a sanitation site precludes the expansion of the community in this direction
for the next 20 to 40 years. The use of Site 8 for a sanitation site allows the community greater
flexibility in growth and development over the next 20 to 40 years. The premium paid to allow
for the increase in flexibility is approximately $450,000.

GNWT - Public Works & Services
Sewage & Solid Waste Site Selection FINAL REPORT
Kimmirut, NT Page 38



DILLON CONSULTING LIMITED

REFERENCES

Dillon Consulting Limited, Municipal & Community Affairs Government of NWT, Planning Study -
Sanutation Site, Kimmirut, N.W. T, (Lake Harbour), April, 1996.

Dillon Consulting Limited, Municipal & Community Affairs Government of NWT, Planning Study -
Sanitation Site, Kimmirut, NNW.T. (Lake Harbour), April, 1996.

Agra Earth & Environmental, Report on Geotechnical Conditions Sanitation Site Planning Study, Lake
Harbour, N.W.T., February 1995.

D.W. Smuth, Cold Regions Utilities Monograph. Third Edition, April, 1996.
Government of the Northwest Territories, Qmmmmmmﬂmmmmm

Sanitation Services Study, Community Works
and Community Atfairs, December, 1986.

J.W. Grainge, Report on Water Supplies, Sewage, and Solid Wastes Disposal, Lake Harbour, NNW.T,,
November 15, 1974,

Department of Public Works, Government of the Northwest Territories, Lake Harbour Water, Sewage,
and Garbage Predesign Report, April. 1980.

C ommumn Works and Capital Plarmmn DlVI:lOH MACA, GNWT deglmﬁslﬂr_lhs._ﬁlannmg,_llesxgn.

5, November,

1988.

MACA, GNWT, The potential for Use of Wetlands for Wastewater Treatment in the NWT, June, 1993.

UMA Engineering Ltd.,
1aNce Wi : Fis VT, March, 1993.

Bureau of Statistics, Government of the Northwest Territories, Population_Projections for Arviat,
N.W.T.. 1995 to 2006, March 15, 1996.

Heinke, The Potential for Use of Wetlands for Wastewater Treatment in the Northwest Territories, 1993.
Steel/McGhee, Water Supply and Sewerage, 1979.

Environment Canada, Canadian Climate Normals, 1961, 1990, 1993,

GNWT - Public Works & Services
Sewage & Solid Waste Site Selection FINAL REPORT
Kimmirut, NT Page 39



APPENDIX A

Phase I and II Cost Estimates, Sensitivity
Analysis, and Trucking Costs



AT, ST N
.\:JCO \MP?}J h

nuoma ‘wW'w
teyy Ajjunwiwod pue fed|djunyy

pnig Buiuue)d 3)IS uoejiueg JnoqleH axyen
309 N '8 O pue uononIsuo) pajewlisy g9 ajqe]

vozuoy Buiuued JeIA OZ © JaAD 31e1 JUNCOSID %G UR 1@ DIJRINDJED . SIS0 SAHBA JUISA ..
uosueduos 10) papnioul AUo 218 WIY SIY) 10) S1507) -

YOV AQ papuny 10 paTuisuog 2q J0U e pue Apm)s Buiuuerd syl jo ued 10U SI UOISUAXa PROJ LIeW 3] , SAION

)00'€96'8S ~ 000'646'68 000'69£'98 000'888'9$ 000'£8272T1$ 000'191'GL$ - W % O ONV 1v1idVD 40 1S0J 3NTVA LNIS3Hd
J00'1Z0'L$ 000°ZLE'2LS 000'L6L'SS 000'F60'0$ 000'v9'L$ 000'565'8% «» SLSOD W ? 0 40 ANTVYA LNISIU
j08'2L1LS 008'cZL$ 009'1Z$ 00r'ezs 00b'v81S 006'£52$ _ S1S0J W ® 0 TWNNNVY Tv.L0L
J00'v98'S$ 000'201'9$ 000'626'G$ 000'v98'c¢ 000'r98'S$ 000'Z01'9% xipuaddy Jad 1500 8j9AD 8ji Bupyoniy
)00'SS 000's$ 000'G$ 000'S$ 000'S$ 000'6S wns dwn) Buuoyuop
tES 155% 3 00s$ 00S$ 0$ 0s %0'1 Alddng Jamod
38 0% 005$ 005$ 005$ 00S$ %0 G dwnd ajgeyod
]} 0% 0s% 0s$ 0s$ 05$ %0’} ani4 sBieyosiq
)58 050'9% 00€'L$ 00t'cs 00L'Es 001°9% %01 speoy
J00'v$ 000'v$ 0% 0$ 0$ 0$ %0'S Buiping yng ¥oNs
152’801 ¢ 052'801$ 0$ 0$ 0$ 0$ %G weld |esueyoap
)% 0$ 0SZ'¥Ls 0sZ'b1$ 0S2'6LLS 052’28 %0'S suoofe
o - ) SISOOW=%O
)00'ZY6'L§ _000'299'Z$ 000'8Z5% 000'v6.$ 000°EL9¥S 000'995'9$ ) 515032 7viidvD Tviol
)99'cZES 099'chvs 00v'96% 00v'ZELS 008°894$ 00Y'v60°L S %0Z @ @duemoly Aouabunuog
JOE'SLO'LS 00£'812'Z8 000°Z8¥$ 000'299% 000°t¥8'cS 000'ZL¢'SS ] 3 ) Tvioigns
)% 0 0% 0 000'05$ ! 000°'0S$ 1 0% 0 0% 0 000'06$ yoea ubisaq |leuonippy
)3 0 0% 0 0% 0 0% 0 0% 0 0$ 0 0ees w o/n Alddng Jamod
JOE'ES 0oL 00£'cd 001 0% 0 0$ o 0s 0 0% 0 £es w oy Aiddng samod
)3 0 000'009% 000t  000°0Z4$ 00Z  000°'00¢$ 00S  000'00ES$ 005 000'009% 000F 009% w peoy $s3%0y
)3 0 0% 0 000'C$ ! 000°'Z$ 1 000't$ 4 000'Z$ ! 000'Z$ ] Buiqgniey/Bunea)n|
b} 0 0% 0 000°0L$ 1 ocoo'oLs 1 0oo'oLs t 0000L$ 1 000018 yoea dwny ajqeuod
)% 0 0% 0 000'G$ 1 000'S$ t 000's$ 1 000'6$ 1 000'G$ yoea an|4 aBieyosig
)00'G$ SZ  000'G$ sz 000'01$ 0§ 000'01$ 0s 000'01$ 0S 000°01$ 0S 00Z$ w punoieuny 3oni| |
)00'08$ I 000'08% I 0% 0 0% 0 0% 0 0$ 0 000'08% yoes a)mPNRS IBANO
)00'08% | 000°08% | 0% 0 0$ 0 0% 0 0% 0 000'08% yoea Buiping )ing %ons |
)00°'05$ 1 000'05% b 0% 0 0% 0 0$ 0 0$ 0 000°05% yoea Bunpuey aBpnis|
Jo0‘'00F’'LS L 000'00p'LS L 0% 0 0% 0 0% 0 0% 0 000'00F'1$  yoea jue|d [eoueydapy
113 0 0% 0 000'682% 000 000'68Z¢ oooc 0% 0 0% 0 G6% o swiaq uayped
)$ 0 0$ 0 0$ 0 08 0 000'GIG'ES 000ZE 000'GH8'VS 00015 S6% gvw Iy pue o uoobe|
- R _ R o L o o o D $1S02 WV1idvO|
rw 10 PN 7] AOIW tMm Aotm  zm Ko zm 271 _Mpzi M1 Aol 30idd siiNm W3




‘P uoing ‘WN
‘sspepy Aununuod pus jedidjuny

Apmg Bujuueld ajlg uonejiues JnoqieH axyeT]
s)s09) Jenuuess) ybiy buisn
5300 W '® O pue uoljorujsuo pajewnsy | - O 2iqel

YOV AQ Papuny 20 pajonIsUCO 3q JoU v puk Apnis Buiuuerd siy) o ped J0U ) UOISUAXA PEOI UIeW BY)

U230y BUILURI] JRAA §Z © J3A0 18J JUNOISID % UR JB PIIRINJIes aJe SIS0 Sanfea Uasald .,

vosUedWOd 10§ PIPNIDUN AIUO D18 WaY SiY) JOj SISOT) -

S3ION

000'258'L$ 000'8BE 6% 000'225'9% 000'102'L$ 000'09L'ELS 000'0LE'LLS « W 7 O ONV TVY.1id¥D 40 LS0D 3NIVA LNISIUd
000'9Z6$ 000'vZ6$ 000'9.$ 000'501$ 000'109% 000'958% « S1SOJ W 2 0 40 ANTVA LNISIY
DOL'¥8S 001'v6$ 00Z'L$ 00L'0L$ 002'19% 00Z'/8$ S1S02 W '8 O TYNNNY TV10L
D00'¥98'S$ 000'201'9$ 000'6.5'6$ 000'¥98'G$ 000'¥99'6$ 000'201'9$ puaddy Jad Biuyoru )
% 0$ 000'G1S 000'GL$ 0$ [} wns dwn Buuoyuopw
% § £cs 00S$ 005$ 0$ 0$ %01 fiddng Jamod
)3 (0 005$ 00s$ 00S$ 00S$ %0'G dwnd s|qeyod
)$ 0s 0s$ 0s$ 0s$ 0s$ %04 anj4 abieyosiq
)G$ 0S0'0LS 001'z8 00l'ss 001'S$ 001018 %0'1 speoy
00'v$ 000'+$ 03 0$ 0$ 0$ %0'S Buipying ying »ons
)00'08$ 000'08$ 03 0$ 0$ 0s %001 Jueld jeojueyoa
)$ os 00S'v$ 00S'r$ 005'sS$ 005'92¢ %0t suoobe
o SISOONT2O
00'291'LS 000'29€'Z$ 0002288 0002£Z'LS 000'S62'LS 000'ZLP'0LS $1S02 1V.lid¥D 1v101
I55'€64% 039'c6E$ oov'shie 0ob'enze 00e'c1Z'Le pov'ces'Le %0z @ souemolfy Aouabunuon
0E'896$ 00E'896°L$ 000'£24$ 000'£20'LS 000'620'9% 000'229'8$ Iv.i0l18NnS
)$ 0 0% 0 000'05$ 1 000'0S$ 1 0$ 0 0s 0 000068 yoes uBisaq [euoppPY|
$ 0 03 0 03 0 0$ o} 0$ 0 0$ 0 otes w o/n Aiddng Jamod
0E'ES 00 00£'cs 0oL 0% o] 0s o] 0s 0 0$ o] ££$ w v Alddng Jamod
$ 0 000'000'kS 0001  000'00Z$ 002  000'00S$ 00S  000'00S$ 005 000'000't$ 000t  000'1$ w pEOY SS300Y
' 0 0$ 0 000'28 1 000'Z$ ! 000'F$ Zz 000'Z$ t 000'Z$ ] SuiqgrugyBunes| o
S 0 os 0 000°0L$ l 000'01$ } 000'0LS ! 000048 1 0000LS yoea dwnd s|gepod
S 0 0s$ 0 000'5$ ! 000's$ t 000'S$ t 000's$ t 00064 yoea anj4 abieyosig
00'S$ sz 000'G$ GZ 000'0L$ 0s 000'01$ 0S 000'01$ 0S 000'04$ 0s 00z$ w punoseun| 3oniy
00'08$ b 000'08$ 1 0$ 0 0$ 0 0% 0 0s 0 000'08% yoea aInpnIs |lepng
00'08% 1 000'08% 1 03 0 0% 0 0$ 0 0% 0 000'08% yoes Buiping Wing %ons
00'05$ 1 000'0S$ I 0% 0 03 0 0$ 0 0$ 0 000'05$ yoea Buiipuey abpnig
00'0S.$ t 000'0S5.$ l 0% 0 0% 0 (o} o] 0s 0 0000628  yoea lue|d [edUBYDAp
$ 0 03 0 000'05¥$ 000€ 000'0SHS$ 000t 0% 0 0t 0 0St$ v swiag uaypes
s 0 0% 0 0% 0 0s 0 000'0S5'G$ 000/E 0000S9'L$ 00015 0SI$ £y I} pue N2 uoobe
e - - - o - L - $1S02 IV1iidvD
W Aovn W Ao 1w tM Ao tm M Ao zm a Ao [§] AD11 301d  SLINN N lTEN
" A i

A ool ol cuih -snlll ool eall snll o




PIyvomd W N
‘equyy Amrniauo ) pue prdioae e

Apnis Bujuueld 8)1S uoliEllues InoqieH aje
81507 Je|nuuels moT) Buisn
81800 W ® O pPuUe uoponisuo) pajewns3y Z - J 2|qel

woTuoy Busssmd Bed O B A0 SF RINODID %§ UT 8 DO JIINED 38 L1500 RaMEs Lotalg ,.

VI AQ DEDUY 50 DR ENEUDS 84 Koy e DUl Aprgs Dusased Saj o Led 10U £ VOKUSNS DEO) LINW K|

vt ueduos sof peprys 4RO 8J8 WeN SRA J0) S350 -

— I ¥ O ONV TW1id¥D 30 1§03 3N1VA L1NISIYd

$3ION

000T68'LS DOOGrRERS 000'068'GS 000'€SZ'9% 000'{56'LS 000 '6¥0'6%
000'928% 000°GPES 000'LZ$ 000'cEs 000'Z9is 000'£228 «~ 81802 W 7 0 40 3NTVA LN353¥8d
00L'v8s 001'98% 008'Z$ 00r'cS 005918 00L'EZS S1S02 W 2 O TYNNNY V101
000'v98'SS 00020188 000'645'SS 000'v98'GS 000'¥98'SS 000'ZOL'9$ puaddy 184 Biusoniy
os 0s 000'GLS 000'GLS 0s 03 wns dwn Buuojuop
£cs % 00S$ 005$ 0s 0$ %01 Addng Jamod
0s 0s 005% 005$ 005s 00s$ %0 S dwng aiqenod
0s os 0ss$ 05$ 0ss 0s$ %0t anj4 aBieyssig
0S$ 050'Z$ 00G$ 0oL'ts 001'1S ooL'zS %0 L speoy
000'VS 000'vS 0$ 0 os 0s %0 G Buipjing ¥Ing »ous
000088 000'08% 0% 0$ 0s 0s %00l 1ue|d 1e2UBYIDN
os 0s 00Z°'L$ 00Z'Ls 008'rLS 00r'0Z$ %0 L suoobe
S R o . y S1S0OW %O
000234 1S — "DooZovis 000 v8Z$ 00095E8 000 16 1S 00002728 _ - $1802 V1IdvD V101
099°¢6LS 099 €€Z$ oop LS 00F'66$ 008'1Zc$ ooP'EShs %0Z @ aouemoy fouabunuog
ooc'g08e ooc'goL'ls 000'££28 000°£628 000'609°LS 000°292'Z8 ____wiolans
os 0 0s 0 000'05$ 1 000°05$ L 0s 0 0s 0 000°05$ uoea uisaQ |euoIPpP Y
0s 0 0s 0 0s 0 os 0 os 0 0s 0 oces w o/n Addns 1amo
oot'cs oot 00£'cs [o[o]8 0s 0 0s 0 os o 03 0 £es w oy Addng 1amoy
0s 0 000'00Z$ 000t 000'0v'$ 002 000'00LS 005 000'001$ 00§ 0000028 000L 00Zs w peoy $s300y
0s 0 0$ 0 000'ZS ! 000Z$ ! 000'p$ z 000'Z$ L 00028 y Buiggruo/Buneais
os 0 [0} 0 0000t$ l 0000LS 3 0000LS 3 000 0tS 9 0000183 yoea dwnd aiqeuod|
0s 0 os 0 000'SS 1 000°GS 3 000'SS 3 000'6S L 000'GS uoea an|4 abieyasig
000sS 14 000'SS 4 000'0LS oS 000°0L$ 0s 000'0tL$ 0s 0000LS 0s 002s w punoJseuNy Hor ) |
000088 1 00008 i 0s 0 0s 0 os 0 os 1] 000'08% yoea AMONIIS NIepn
000°08% 3 000'08% b 0% 0 0s 0 os 0 0s 0 000088 yoea Buiping g ¥s
000'0SS l 000 05$ 8 0% o] [0}4 0 os 0 0s 0 000068 yoea Bunpuey abipnig
000'0SL$ L 000'054$ L 0% 0 0% 0 0s 0 0s 0 000’0648 yoea UBld [EDIURLDAN
0s 0 0% 0 000'0ZLS 000€ 000'0Z1LS 000€ 0s 0 0s 0 ovs gvw SWwiaq uaype:
(6} 0 os 0 0s 0 os 0 000'08r 18 000LE 000'0r0ZS  000LS ors v 1) puE N2 voobie
_ - B o _ i, B o o - 81502 7VlldvD
w_ Ao ] Ao 1w M Akomm  zm Aomm 3l L A I S -1 5 3014d siinn - - wall

S N SN S SN, SN SN SN SR — N — N, Ay BNy

|
|



‘P uollad Wi
sJiey)y Ajunwwo?) pue [edioiuniy

Apnis Buluueld 8)IS uonejiues JnogieH ayeT
spubiapy 03 sishjeuy Aanisuas ¢-J alqel

602 6£2 0L 291 szl SLZ aloag (ejoy |
SE oL oL 33 33 oL 91005 PaIybRM
S ol ot S S ot 81008 L LHOI3M
ONILSIXT WOYS MOVELIS W 09F 9
08 o8 0 ot o 001 21005 palyblam
8 8 0 £ v ot aj008 ot LIHOIIM
NV1d ALINNIWWOD NO 103343 ¥
Sv St 0z ot St St 21025 pajublomA
M 6 6 v z L ] 25008 S 1HOI3M
_ FONVITIWOD AYOLVINOTY ©
6l 6} 09 v 8 S 21008 palybiam
ze Ve ] €L € 80 2008 9 LHOIIM
o96'15 15128 62982 toes 068’ 00828 $1s00 1S02 3TOA2 34T T
o€ sz 09 v 8 S 31003 pajubiem
0s v 00t €L | 60 21008 9 1HOI3M
FL TR = 4 B3 = [ 737 2 relLs° (AT N, = 995982 $1s0D 1S092 1viidvYd }
JNV ENY 3NV JAY JAY AV YIN3LIND NOILD313S
e)s Bugsx3 1 els € els Z els A S I 8us
|esjueyosiy | |EJIUBYIBJN Spuejiapi Spuefispi uooBe] uooben
A1) LW EM ZM A 11




‘P17 uoa ‘W'
siieyy Apunwwo) pue jedioiuniy
Apnjg Bujuueld 3)s uonejiues 1noqieH aye

$3S0D W '? O pue uopionssuoy pajewiysy |'¢gl a|qel

‘uozuoy Buluueid Jeak Oz e J3A0 BlR4 JUNOISIP %Q UE Je PaRINDIED 318 SIS0D SAN[BA JUISald ..
‘vosuedwod Joj papnjout Aluo ale wWay siy) Joj S1S07 -

"VOVIN Aq papun) aq jou jiw pue Apnjs Buuueid siy) jo bed Jou S} UOISUBI® PeO] UleW Bty , SIION

000'982 ;m 000'£68'6$ 000'S2E'01$ 000'¥26'01% 000'S+¥9'6$ ~3ANTvA pzmmmm._.._lﬁom_
000'%SZ'Z$ 0002v.'L$ 0002¥L'1$ 000'16Z'1$ 000'12€$ « S1S0D W 7 0 40 ANTVA IN3ISINd
008'8€.$ 00%' 2248 00¥'2L1$ 00v'Z81$ 002'2¢$ S1SOD W '? O TVNNNY 1V.10L
000'201'9$ 000'98'G$ 000'¥98'G$ 000'+98'6$ 000'105'9$ ‘uaddy Jad Buyoniy
000'S$ 000'G$ 000'G$ 000's$ 000's$ wns dwnj Bunopuop
0% 000'29% 000'29% 000'29% 0% 000'29% Aiddng 1emod
00s$ 0$ 0% 0% 005$ %SG duwing s|qepod
05$ 0$ 0$ 0% 05% %l anj4 abieyosig
000'2$ 668°'C$ 66823 659'Z$ GZy'zes %4 speoy
0% 005'2L 13 005'ZL1$ 00S'2L1$ 0% %8 Jueld [esiueyosyy
0s2'9¢.$ 03 03 0$ 0S.'v$ %S suooBen
. o S1sOoW %O
0000€6'218 @EN wﬂ ~ |oo0'8iszs  [0006ic'Es 000'€28'ZS 1 51503 W1idvd V10l
00+'985'2% oot't 00}'ESPS 00i'£55$ 00S'047$ ~ %0Z @ @douemo|y Aouabunuo?n
ooo'z¥6'vis 0000 005 m|8, 5 005's92'2$ 005'692'2$ 005'25£'2$ ~Jviolsns
0$ 0 000'05$ ! 000'05$ 1 000'05$ 1 0% 0 000'0S$ yoee ubisaq |euonppy
0$ 0 000'0€$ 009 |000'0€$ 009 |000'0t$ 009 |0% 0 05$ w 9/v Alddng 1amod
000'064$ 0002 005'622$ 0062 |005'642$ 0062 |006'6.2$ 0062 {005'2€2'2$ 00S€£Z |S6% evlw « PEOY SS90y
000'01% } 0$ 0 0% 0 0% 0 000'01$ 1 000'0}$ yoea dwind ajgepod
000'G$ ! 0$ 0 0% 0 0% ] 000's$ 1 000'6$ yoea anj4 abBreyosig
000'01$ 0S 000'01$ 0S 000'01$ 0S 000'01% 0S 000'01$ 0S 00Z$ w punoseusny %oni|
000'2$ ! 000'0%$ (114 000'00+$ 002 |000'006$ osy |0% 0 000'2$ yoea ainjonys |lepno
0$ 0 0000051 1 000'005'1$ 1 000'005'L$ |} 0% 0 000'005'1$  yoes jueld |eoluRYOBy
000'G.b$ 000S 0% 0 0% 0 0$ 0 000'66% 000l |S6% £vlw suwiaq uaypes
'000'0SZ2°'¥L$  0000SI |0% 0 0$ 0 0$ ] 0$ 0 56$ €W ||y puend uooBen
. . p— . R . . S1S0271vlid¥D

99 Ao z-aTw fio | z- go W Ao Zasw  Ab | s1 Ao 3014d  S1INN e




005 164°8 AS00 Wvildyd VLN

te0'204'y INTVA LIN3S3d TvL0L
wser) 400201 [T 51508 Bissir I 80z 1{1%7]) 000 § STL LSy "z el 000 $7 61 8¢ [T ¢ L 11 R44] 1 4 $01 829 [ 1114
(119 47) 809'203 wrey nive 34114 "z sol [3484} 000 § cor'iry "t el 000'SY 19 $60'02L ot 114 X44} 14 i 089 (114
[0 ceocls 19¢ 28 Tir'vee arsse "2 80 14313 000 § "y 8oz 000°$ set'aL ez (80'1L sre zc1 y [0l (1] oz
240 23) rot ors 95 288'y59 [ 173144 rnienw Fi x4] 000'S 11924 ] | 24 000'sy S8 o 108°28) 194 R44% 14 roi Sro tioZ
XX T nee 171 c10'10 £oc'cro sze oty yez 802 ezl 000 § L6001y 7260l 000°5Y [ a3l 12Ty 0819 e 2t y coi 14 Tz
°9 007 9t 8568 S0 " oce o'y n"ieo LS 24] 000 § rsor ”nZ'sX 000'sY [ 147 [ [T444 50294 1 34X41) 4 toi 141} 3144
b24 &1 1} 588288 n7res 9S5°4YS 1C8°06¢ 2433 nezs 000§ 2Tt e 951 osi'ec els [, 1) LTl "o 68 < €0l 65 oioz
181908 06 ors 102°4S 000'8¢S 080°Z8¢ 828 951 [[7%1} 000 § ort'ret 828 951 ose'cc 6218 005081 000'0Y1 rHoes 3 2o 08s 800
[ 17y 1%4 trrer 2150 $TL0LS [LT8¥1y 8708 954 f3i R4} 000'S Zi'est %28 058 osi'ee LS 210'S81 rscics 5 68 € 01 $95 800z
(74N 124 L8951 ot'L9 roLezs sLL'set 928 958 ezl 000'S s [ 2{h 1) os'ct s f24 4 1) et o 88 t t4:13 056 L1002
716 8¢ 220'89} 1{: 343 [ 2 109 100'9s¢ 437 133x4) 000's 957 0C 28658 [ 7514 WS [ 170 []ix44] o 68 [ 10} s 9002
[ 24444 [2{%71] 05 '8L or'L0s [ 7344 #6951 ] 4] 000'S 06870t 26 951 osLee 8TlS rcess 908 821 "o se [ 101 £247 S00C
[{.1%1724 $1r'ss) L 801°00$ ot "o o5l 7re 000'S SURE [ <31 o5t s (142 4] usan 7o 68 t 104 80S 0z
99 (82 sii'pel §95'10 6to'cer e 928'951 [1194] 000 § (174 113 828 95t osLce LS 90651 12682 neos [ 00} S6r com
08¢ 00T oo 06888 8188y [ 24444 124241 [{, %4} 000'§ 65881C | {3 1) osL'te LS 0SS [14%74) noos 14 001 <14 oo
[74g 144 05812 $04'901 ersesr [04 N 444 Keest 1424411 000§ 8LCS0C ®Ke o5t osL'ce t82°¢5 21908t F{iat4] rp o8 3 ool apr 1002
[ L9149 orze SrSH ey 81 91C 26 951 81T 000'S 100682 828 058 oSyt s [ 4 0] e 0l roeo < ogt 15y 0007
19 0t oroore (Y43 24] 590 90y LI o woesi [ 4 %4) 000 § L1344 K 551 osLet TS [ 44 ti80t1 o 68 4 es 1144 L]
TL0'set "SoR [45 4} Cig 09y 168 €0C Kol 0%Q'Zi ‘s eesl 878 651 oSt s [4%:1 14} o5l ro'se t [} ity [ 1)
oscosy'l [ 1241 904°00Z'} (23 | 240714 Leel’l 000 21 X [ 444 Lo vl 005 2T E 1N 00 eI t098 ur e T 88 4] o8t
WG T nto Tlidvd 1509 AN ipad)
— TviQl nig YUY Tylidvd L) 1o TrLdvd L} =] RT0 RTO TV LD FOVUYD FOVHYD ¥NOEV1 AT TYLidvd SHINAEL dAMSNOD
—_— . ANTYA IN3SIH - viOl  TYINMY = TymeMY  THDIOML 000 S3W AAHL 2L AL ANML MONHL 0 FREA O FINH3A O MIUAMON  WILYM 0 d0d  HY3A
¥ gdoN Bupng sed swoLed jo ¥ 134 (renk) oy smuouose souen|p iny {umy) 8308 1 sux| punosE wn |
w00 INOYDd xpYy Ao s sdusd Buoungl 14 0 13n4 (s} o3 jeny{ psr '] (umun) 820 1e Buany o sjey
114 1394 (sant) opy spuoucse siwml Buopeyl pz 0 ¥4 Tqassyt) 9ors uonpchumawo s |an 4| G2 5 () #2008 D) HORA J0 Daads
sl HSA (w bs) pewe e 02vds Smpen| g5 dwl (my) Jewodesnoy el 1] (ur) 92008 0} BWERP Bar]
005 15804 (W b3/g) mo3 asrq sbwed Buounyl 51 0 43A JORE SRS BN 58 O A RY SN MHOoNEA
T 481 0P’ R NOQEY 000 011 oA 1L} 180 jepdes sosgs Al DOSF SA 1) & appen
' e AN B ARV § §iN Buppng s 0] s o sequand 0 O 52 J0DRS UCNETRIN SBAE WO
34 HM {yg) Ladey jo slum t LIT} (umy) sBupgng I sus) punase WLl 008 |
Leel ass 14g) 1seup o alem o W {umun) sBupgng e Bumy jo 8:8y| 0517 2 (1) s; surwod Supng
800 0 S o) ) Es fyauty) sSupeng usamiag paads| pdoyg BN 1Bupmg JO saquny
010 Josim RP G 1505 BUEmd0 Mo S "0 (w) sBuppng weamsaq B2UEI|§ | 13 noge; jo Auanoy 3
9200 Od ywo B vonendod
'SNOILINNSSY
i83US

(LNuoaw) MNOBNYH 36T - SNILEAS TININIUL - SISATYNY JIONODI




005°184°) 150D Tvldyd Tyt

”ires's 3NTYA IN3S3dd TviOL
[ [t Sre o9 Loy "z eoX [{1X1 000'S [T g I 6 000 57 6ot 0L 343 oW ek IR v SO 86V 9i0
00r st Ter ey Ci8L59 (198144 e 1484} 0006 13 4 |74 4 000'SY eIt 0L 800012 Z08'894 sva ztl v [ 089 (114
09229 19K 28 eirers S9) 8CY 8oz 90°CH 000§ @i (244 000§y [ 7] $L201T 1r'sel Sre IS 14 8 333 "o
TR 8r5'5s $21°8C0 1E6°62y nZ'eor 18821 000'S ore'LLy (34 000's? [l 690902 188201 el v 01 11, (3141
165001 $09 §¥ 194°0s$ [1v4{ $26 95 4 %] 000 § 1. 3714 020 958 0sL'¢C ze'ls r20'881 [ 334} vo e 3 [ ]] 929 zioz
04044 . serer "y 6585 1ot 8 954 sl 000 § 108'99C et oSttt LS [1]1%4.1) 092001 <o 8a € col e oz
10§16 €L0'02) s 01 CCS I3y 714 928 954 (o x4 000 § Ceeese 9268 051 [ 7533 Te2'Ls s e 6L0'8¢) "o %0 4 ol [T 010z
ILo'csi (119143 LS [ 754 244 050 89¢ 978 951 oLzl 000 § 0iC 0S¢ 4.1 1) oSttt {417 220198 ter'scl rHoes € 08 085 8002
§5055T Had 4] &HTs It 84i o5t 538 858 st 0TS WK K5 855 [=T33d WS EA s5872s s e 4 et 505 2007
105 917 §0Z°151 tot'z9 08r 805 §65 25¢€ o8 951 rigzi 000§ e e [24.2 1) osLtt T8z'is 959041 SES'0CH 9 58 3 ol 0ss 1002
1950 088'854 892 80 20S 691 vt %6 9s) 155721 000 § g e 928 058 osL e 4431 169'691 F13% 24} rep ee < 104 (147 9002
esin 180 891 0s'eL [N 1] tioett 24 X4 [ 1 %4 000 § nsoz RKaest osstt ees 169°081 88’52} e 68 [4 101 [244 SO0
[33- X4 4 188L) 88 »00'88Y 820188 976 95) [24 X413 000 & P41 21429 926 954 o52'TT IS p474 1] [+ X ¥d) et X ] < 104 80% Y002
E2d N4 0eZ'esl 9518 rerier 85C ML 828 851 set i 000 § 8 9oC 928 851 [ 78414 LS 104158 LE5°0T1 re'ss £ 001 (414 £00Z
o8l esl 18Z'00% 064 04 LiLrir e Lic 4.5 (1194 000'S Trs 00C [ 421 [ 73149 eLls (1494 1) oar'ell o 88 £ (]} er To0T
14§ 114 rolit log'e0l sregr (1114 He sl (144 000§ 182 reZ e est osL'ec e l5 o Lrl irr il batd-L ) £ 111 114 ({124
Nnu_ann mwrnee SICSH [ %414 Ty sot 26 951 1184} 000'S TR [ 2421} oste LS 986 8¢1 [ 1411 noee t ool 344 0002
[ 9r44 onhuna [¥13 24 Y00 95Y L1444 243 ) [C4 %] 000 § (11424 124 X1} [ T 419 LS €00'SCH S09'CIN rnoese [ ] 1144 8661
[ 273114 ioezz teo'es 2650i¢ §46 S92 L9l 09028 h%.WH—m;,-v« 119 201 005 1% % [1/934) TiT'ss tre 14 [} T 0664
[ R 81 2] 0171y 010028 €IS955) 960092 1384 000 23 [ 444 219 01 00s T soiet 1o sarce 2y o9 4 [} (444 1681
N0 T nTo TYLidvD 1502 AN Tred}
lq._.._b._. _MIQ_____ Tylldyd = Tvlidvd N0 TYLidvd Lk ]+] L] 3] L1 o] TV LdYD IOVEYD FOVHYD O TrLdYD SNINEL dNMSNOD
s _INTYALNISAHA  TviOoL TYTHY. Ty TMANOOML _SIM _ XOnWL  NOOML 00 WOMuL 0 NONML AA0HL uE!h) o 2omM3A 0 HIUAON  MILYM dOd __  __ WY3A .
r " | wdow Bumppng sed sucwed jo v 13A {reak) o)g 30000008 SRS ¥ iy (Umis) B304 |8 BUK| DUNUE WINJ
wo AMOYDd ope B0 s sdord buopngl 1 0 134 (ys) o3 04|05 v '] (umuy) sammos je Buamy jo siey
oL 1394 Ciant) s mucucae #0esed Buoued) 9z 0 'Y (NAIDVY) 9)2 LOALITIUO ) B 4| GT 5 (Wuny) #3n0S 0] Boaaa J0 pRads
S HEA (i b)) esuamnba s pords spaen) £ dve Ley) savodasnoy g5 T a {um) 820004 0] BIUE D [BAlkS]
005t 45894 (w beg) woa wseg sdwed Bunyng g1 0 45A DB b WA 8 i 00T #50 NORBA
] 481 opY s Negr]| 000 011 224 () mod wades spmpsp] 005 ¥ SA (U & spngp,
| HN ey jo i LT Buppng 28 0] 1] Jo 580 459 J017) VOUETWIN JBUEROT
LTl HAA (W3) Lackay jo slem 4 il (umw) HBupeng JF 1w punae W) | 008 |
{44} oM (4g) Jenp jo sem ort [ L] {umig) sBupp 1¢ Dugy Jo sleY | 0577 2 ) anys sawe o) Buping
BOO ¥a oizs 01| 04 9 fyuny sBupenq usamiaq Paads | priia.d L] 180G (0 J3quInY
Lo s 2001 1307 Curiedo OMTHINN{OL Js0 (W) 5PN Veamaq R3] G | 13 naqer jo Auaow3
1T - od Yo uoerdod
SNOILANNSSY
4 3Us

(LNuwweX) YUNOBNYH 1Y - SWILSAS O3HONYL - SITATYNY IMONODII

N e S D S I - S — IR — N, — S — R — - -0 -




008 104"} 1509 1vLIdvD TVILNI

siv'ess's 3NIVA IN3S38d Y104
Ti5'0C1 1898 [N 4d 95059 ncirn reo [{1¥1] 000'S ey 1474 4 000 S» [ 413 sre el 14 <01 859 9102
[ 143 180001 or ey 1193 ] eIty 7260z QZies 000'S 4 42 1475 4 000's? 63t'8L srzel 14 i (1] 13114
’iscH 78508 [J24 14 190°TSS Tri'sec 2e'0s5t 90°¢Cs 000'S 000'LL¢ 1223 18 05'CS weTLs <988 4 i o8 roz
s Kl ey Tot'ers Leeet RO 16828 000'S 06C'89C L2313 osLtt T8T'is noes t nt sre (414
90195} ({313 $08'SYy 1H8'rS e ue 243 ]] b4 x4} 000'§ 058'05¢ 76051 osL'ct WS r"oes € (3]} 879 1414
200091 8¢S 011 sor'sy 09 RS uysee 24 )13 - K43 000’ 008'I5¢C 0’e'esl 5L T'iS ”n°o o £ to (41 (314
85021 t41% 14} 0res [ 10} 139 et Kol "Rzl 000'S sis'crt [ (X} [ 7544 s noes < ta 965 (31,14
cezel Lot 102't§ Sre’0ls alo'rsc ezeest [17%4] 000'S [ 174 39 .6 651 osLee TS nese t tos s 8002
orocol [ 24 13} 0Heee 7"y'cos L1313 o413 usl 000'S 4§ 249 o4 ) 1) osLet 14411 "8 € ot S8S 8002
12 k414 s'srl €0C'49 15T'98r p48 4144 (24 )1} rnees 000'S neree [ 24 ) 1) osLst /LS rHe'es t 201 055 1002
0zo'022 cea'cst 1mo'2L [ 23414 ore'zee ers'ecL 1e¢2L ona'c [ 174 419 arsect nel'ee 441 reo'as € 1ot ace o082
95T INT [19 x4]) s [¥1 X414 st 920951 sy 000'S 950°60¢ 8zeesi osLce 8'ls roes € 1ol s $00Z
ISt WL eL'rs 683'5LY reeit 951 [14 4] 000'S 5100 828'951 [+ 7419 b 41 ro'co t 104 805 002
[ )92 10r'788 $05'10 625607 o9 Zit $28'95) 1. %4] 000'§ (1244 o4 1) oLt 84S "o 8o t 001 ser tooz
e8I tol'esi 063'96 ssccor oty 90t 826 951 (1 4] 000'§ e (o4 ] ) [ 7419 s 7368 € [ ]} o 200
[ 134114 wrroe 109 901 ue'isy Sry 00¢ «eosi wry 000'§ [aegd 1 Rre'wsi 05L'¢C 8TS e 68 € 004 eor 1002
o [73% 1) 18892 (14 ¥4 [{.] X1~ el 1 1k4) 000'§ Ten 219'v0) 0% '8 L1 19 (¢4 4] 14 0oL F3i4 000
tsrosl cor'L0Z ero'cs $88'50C [ 12414 19 rot [ 44] 000 § | 149424 008 00522 ss1'et 7res 14 [} {144 (2.1}
i1i000¢C el 169'68 1Cr0eC eSS L1990} [ k4] 1,74 >4 3 4.4 o008 S81'8C Qre t [.] (144 essl
20N 106’152 001002t oSt y25082 Lvoezy 00024 mm”wuzn.nﬂ 219901 005 22 se1et 2y o z [ Ty 1881
nio7 W10 Tvlidva 1500 AN Tpad)
Tv.LOL nioQ TyLidvd TYlidvd nTo Twlidvd [} {e} nTo Ao Trldvyd FOVEYD IDVHYD BOCE [ ie] TV.LdYD SHINHL dNNSNOD
W — 3MIYAINISIud TYLOL STYONNY  TYRNY  TINONML 00 S3W  ¥ONWL  NDOWL  WOML 0 NOOML 0 wOoMML 0 310mEA  JIMEA O HIUMON  MILYM  d0d  WY3A
Bupng sed sucied jo () pg moucos spuen|y 1 fumw) #3088 S| punose wn )
opy gro e sdeed (v3) mo3 pn g oSy ¥ (umug) s3nos ju Busy jo ey
(end) sy muoucs>s slesed Buye g »Z 0 (ysoyy) 8 wondumsuod pngl g7 5 fyuny) pnos o) snas jo paads
{w bs) pmyambs) soede spapa) CS ma) sawode oy syegiz a (ung) Bamnos 0] BUTSP |BaR)]
s basg) moa eseq sdwel Buoumdicl 0 JOPEL B3NS NNAIGE D MNA PR BN WA
mEE Reusg ) (§) mo2 jwpdes o0s* SA (1) 88 SORBA
Loy jO Buppng yore o) ) jo Sa0 452 DR UCENER UET0D
(Wg) Lechay o slem fumw) sBuappng e s puncus wn || 0091
(W) e jo sliem (umug) sBeapgng 1o Bumg jo sivy| 0522 2 ) s a0 Bupng
) Jnootg| gt (yuny) sbupgng uaawsq peads| yoogd N sOUDINg JO Jequiny
2011 1503 Gupesado MosUTReISHY (w) sBuppng Ussssq SIS | LE] noqe jo Ao
0 | od uwo.8 vonendod
SNOILJNNSSY
8 3us

{Ln ] BNOBMYH T9YT - SWMALIAS GINDNYL - SIATYNY HINONODI3



98/Y0/0 1

005'564°} 1500 Tvlidvd LN
190'905'8 3INTYA IN3S3¥d TvLOL
n7resi <5601 [T seL'euL 1501 rzeso ({187} 000'S stczer r"Z'ek 000'SY (197 9592 [Ty 1) [4.K44} 14 S0l -] 8ol
el 159584 Terer a0 Cii'esr rnzea Fi481 000's 906087 reso 000's¥ set'al §§8°05 121°584 [, X4 ’ "ol 089 [ 31-4
sarvil F14%44) 34944 962'269 50'99Y rnzeo 0ct 000'S ooy "I'so 000'SY (.14 1] et 95103 [ x4 1 4 i o9 j41:4
L2 [ [1)*4] BrS0S €09'089 eoC’ 1Ly ne'so 16871 000’ ueosr e 000'Sy 880l 144 p4 1% 11} (144 14 [ o1 134 (4124
1ec’Lel [ 844 €010 12413 eio'Zey rnzeo pai x4} 000'S nosry " 000'sY 83t "z oserl [3, k41 1 ] €0l 24°] oz
[$40:1%4 o' ryi 858'c9 (24 ] rea'ssy nz'eoz - J4) 000'§ [ 4% 114 nrea 000'SY (4] 11124 F e RTA) F k443 14 o} e o
(344344 (12441} T M €25'050 asziry rez'eoz y00°21 000’ sar'er rnzeo 000'SY est'oL resIz 0rs 894 [ k43 14 coi 96% o
Fi, W< 10184 [{1.X"7] wLLe 68 LCY 7z 602 [ 7%4) 000's b4 1844 ree'soz 000's? [ 4 1] 119’600 L3331 1 srezt) 14 (41} o8s 600Z
90T IS [ 124 71) 060'CH 220'8¢9 - 7324 ] rnzent 2ot 000'S iy : 000'sY sat ol 1414 (=4 ¥4 sreect 14 201 S95 8002
[TAev4 Big'ovi ki osi'dr [ 9o Vi ¥iwci o05's it Wit TS 755 idi Wi neos s b3 5% 002
10Y°082 1% 71 189 019075 o9 et Ko sl 1521 000'§ 1ot o0sL'ce s 909'184 11507} <9 60 3 111} S 9002
00L'9% 8e8L'20) 205°9L oLLCS oirsit 920954 8 000'S rze'ist [ 7314 e's 74 1) [{<.¥id) roes t 108 s 002
Y2444 16r'esl WL [ 1139 74 [1.]9¥34 4 [24.7 11 worel 000'S e e 0s2'¢t s "e o6l TLL'SCH ro'es t 10} e0s o0
torioc 189602 $9S°18 asels |24 X114 12451 [ 4 000 § L= X41.3 oseee BLLS 1964 [1.1R44) rgse 13 001 1114 tooz
[1T3ud4 L] T4 06888 81080 80 25¢C e esl (1,4 000'S st osLct 6216 Sss044 oer OC) rio'ee < 00} 1414 1414
corint il 108'901 [T44107 S6L Mt (4.0 (444 000'S ss LIL oSLEt 4 41 19508 1,19 4] roes 3 ool sor 1oz
[T 4 il [ 1411 ereror ozzeee (4.0 1] [11x4) 000'S L1344 05L €C 14 44 188 085 [ I3=4) e 68 3 00l isr 0002
344114 [ [ X424 [¥1°5 74} el Ler 199°0tC 12421} [4%4} 000'S orecic [ 7311 s tez'osi [ 74+4) 7988 t L) $144 (.1
[ 154%] oS Ll sis i KLisr aiTric o4 X1 090Z4 i 051°40C 0sL'ct 14 44 cisIsh [ %4 ne'es < 68 «©r 888t
SOLTYS L zz e TSy P00 1 19LL1C xyYer's 00078 @WU_E.Sa 0s2¢e Tez'Ls iy ots 8l rep'es 3 . 72y 1681
nio 7 n1o Widvd 15030 Al {pad)
TYLOL nee___ ITrldyd Trldvd L} =] TyLidvd NTO L1y L b o] TLidvd JOVHYD IOVEYD OV NTO TY LY SHONHL dANSHOD
—_—  30TYALMISIHd TviOLl TYTNNY TRy REIE e gl T G| A2OWL AL 2O0UL A0 AL FIREA 1M3A  MIAAON  HAIYM 0 dOd 000 WY3IA
¥ BdON Buppng sed suowed jo [ 134 {rend) sy swoucss spuaAl iy (umy) 3308 |7 BUK] PUNOE WIN |
00 AMOYDd npY RO e sbeel Bupprg) 1L D 134 (ye) mo3 o gl ogy o {umua) samos e Doy jo eiey
[ 1394 (enk) o4n 3ewounse slesed Buoung »Z 0 ¥i (s} B uoUdUITLLC S M 4| G2 [ {WALY) #3208 O] MM JO Daads
Sé HSA (W O8) pewasbe sards sRam A 55 4HE {=a) meodewnoy syerg|y a (W) e2nos O] SRS [Bai]
oSz 4599d (w bayg) woo wieq aleied Busund| 51 0 45A RRE BowiE SPUSAISE O anA 0B 50 BIMIA
4 481 e R noqe] 000011 204 1$) ;oo mades spmap| DOSY SA () s sppmp
) HN Lediay 0 i BIN Bupmq ipfe 01 $411 )0 JBQUIN S8 0 452 SOPE) UOTETRIN JMATRGT)
L4 HA (W3) sasdhay jo plum t L {mu} sBupEnq 32 sur) punaus w0081
LCEL asn (W) mup jo slem ort ['T'] (wig) sOupgnqg 1o Bugy Jo 21ey 02T 2 (1) 8z spunrpod Dusping
800 uQ S noTsg)| 01 95 (yuny sBUDE UaaMq PITS| prdod N $80pINq JO JSQUINN
oL xm 0P8 B0 By < Lot -] (w) sBupng Usaseq PIULINQ|S 1 12 noQe o Auagl
loszo ¢ wma s voyspdog
SNOILJINNSSY
S8 3US

(LNt ENOEMYH I3V - SELSAS OININUL - SISATYNY JMHONODI

- EFFEIEERNREEREREEENRNEN




APPENDIX B

Access Road Quantities and Profiles
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APPENDIX D

Lagoon, Wetlands, And Landfill Sizing
Calculations



. L& Lo A
\'/Q lo ‘SP"L‘JC'“&Q UC"I_AW\-C_, - 28 ;C_Qn W'—'ﬁ

OPEPATIMNG. DEPTH - 4.0t
SLUDGE  Accuu, Py T ©. 25w,
FREZ BoaRT> = C.A3F

ASSYUMmE "D; ég'fa.ﬂ'@ 1Y
e S — )

N~
4.0
v

:\j/ C'\ = 2% ?)"\f’%ﬂy ’?-V’ﬂ
A, = /éugc\ e

}

,4—-1_—(\}7/—:’» - +‘ Acta(-hbnq( l-QM'DTLL ffw“" B—(Pms)

AT

AR

[\)’:777_7 +~2< 3/1»- S+ 3(2. ;]

ACIo 1= 2 = O 1 CO pn YICO m

v e

W

2. WETLAMNDS : |
HYBRAULIC fem aLiats |8 ~U Lo «n® /e A

CRGAMC tetbitls .. 06 — 5.2 ko ) nec o

fCesT FRez LAYC S d  ASuuen
HitRAuLIC  teqbinG 22 éca m> Mac A PENTeTio
O@GA..N‘IC Lot (VG g o o /PQ‘$‘5"’\ /""“Mj STt //"ffénf"fﬁ %y

HYDRANG G loADIVEs  ARE A . 282ep w2 /)8 ) 18 3 Jpa &
28 t=e /B0 /4o = | ha

By KAO_ Date Project Name KLM:V'! ulut  Sv7g StrieTion

Checked Date AREA &EsT I mATES

Page | ‘ of Project No. 1':_2-' S q’ %O @“LL@n
121 -94




Ty OE

_%‘.

-’

By

Checked

Page

0% GA N ¢

APK
s ?m’{ Cmez[

,4“- '___ \// at
A :' B

LoAOQUC.a A’P—f-ﬂ f
2328 Pa_aP(_E- Yo .o ﬁo)/o{ Y 20 ol /((S’C) A Y"cﬁ

449 e -
??9 \fo O r3e< /(%?c X3

-

Z % Le

(’V: re o f "

45 e

4@‘” 453 e

o~

C =
(, Ze

' £
YL ___A_D'E’&Mﬂrt/

—4
| |

LA _4{25__ Ef'_i-_'_é_/f_[ 'y ZWC, .
fivhr | cTiRAGE DE PTH
Sdfﬂc | Gf&)ﬁ@/ﬁ'/am

LB 5> L 3

c?'f;:

é‘&@ca/ 2.

g or [ 2O gy

"chm)‘

Project Name

DILLeN

Project No.

121 - 94



APPENDIX E

Quantity Estimates
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APPENDIX F

Site 7 And Site 8 Trucking Costs
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