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1. INTRODUCTION

1.1 PROJECT UNDERSTANDING

Ferguson Simek Clark was contracted to complete a planning study for the Repulse Bay Sewage
Treatment Systems and Solid Waste Digposd Sites for Community Government and
Trangportation, Government of Nunavut. The purpose of this sudy isto:

O Deermineif the existing sewage treatment and solid waste Site meet 20-year demand;
Q Submit the designs for the new sawage disposd Site and solid waste Site if necessary;

O Invedigae 4 potentid solid waste Stes identified by Vance Consulting and for any other
Stesthat appear feasible; and

O Usemodified KT Andyssto recommend a preferred dternative for gpprova by the client
and Hamlet.

1.2 COMMUNITY INFORMATION

1.2.1 GENERAL

The Hamlet of Repulse Bay, located on the northern shore of Repulse Bay, is on the south shore of the
Rae Isthmus. Geographic coordinates are 66°32¢N latitude and 86°15¢W longitude, Repulse Bay is
443-air km southeast of Taloyoak and 1,424-ar km northeast of Y éllowknife.

1.2.2 GEOLOGY AND TERRAIN

The Hamlet islocated at the northern tip of Roes Welcome Sound in the Churchill Structura Province,
Theterrain is compaosed primarily of Precambrian granite gneiss. Foliation and structurd lineaments of
the bedrock have a visible north-north-west trend. Pleistocene glaciation was prominent in the region
and the structurd lines of weakness were eroded rapidly during this period. Formerly ardatively level
plateau, the land was cut up into a series of steep-sided, narrow valleys and ridges. These blocks begin
at the coast where they form narrow deep fiords that point toward the northwest.

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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The geomorphology of the areais extremely rugged and accessinland is difficult. Extensive breakage of
bedrock fluting crested many marshy depressons. During deglaciation, the areawas isodtaticaly
depressed, dlowing coastd watersto rework the glacid till. Very little soil coversthe ridges of

bedrock; silty sands and gravel condtitute the limited soil layers present.

Repulse Bay iswell within the continuous permafrost zone and permafrost- created landforms such as
solifluction lobes and patterned ground are clearly visble.  Since the permafrost table lies near the
ground surface, only very limited thawing of the active layer takes place in summer.

1.2.3 VEGETATION

The dimate and soil of Repulse Bay can support mosses, lichens, and some flowering plants. The
sewage treatment area supports a sedge meadow. Plant communities in wetter portions consst mostly
of wetland grasses and sedges. Pond areas have some emergent macrophites.

1.2.4 CLIMATE

Repulse Bay receives an average of 15.0 cm of rainfal and 58.2 cm of snowfal per year. Mean annud
precipitation totals 20.6 cm. July mean high and low temperatures are 15.7° C and 5.8° C. January
mean high and low temperatures are -29.4° C and -36.4° C. The winds are generaly from the north
and annudly average 23 km/h.

1.2.5 COMMUNITY HISTORY AND ECONOMY

Repulse Bay isthe homeand of the Iglulik Inuit. Thefirst European arrivasin 1741 and 1746 would
lead to the formation of a progperous whaling industry. Inuit guides and skippers were often hired on to
European crews. 1n 1853, Dr. John Reae traveled by dogded from his base at Repulse Bay in an effort
to complete the survey of the Boothia Peninsula.

The Hudson Bay Company established the firdt trading post in 1916, shortly after whaling began to
lessen. Revillion Freres, a French trading company, followed in 1923. The Roman Catholic Mission
was established in 1932. Modern development started in the early 1960° s with the introduction of
rental homes. Government services, a community co-op and a housing association were set up in 1968.
The Community Council was formed the following yeer.

Repulse, avery traditiond community, is sendtive to new development. Marine mammal harvesting,
hunting, fishing, trapping, carving sales, arts and handicrafts are the main economic opportunities
available to the Hamlet. The higtoric Stes, bird nesting areas, and natural beauty contribute to the

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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tourism indugtry, as does the Inuit artwork. Businesses in the community include fur buyers, generd
retalers, food sales, service gations, hotds, outfitters, restaurants and amusement centres.

Repulse Bay gained Hamlet status on July 1, 1978. The traditiond name of the Community is“Naujat”,
meaning ‘ seegull resting place.
1.2.6 TRANSPORTATION AND ACCESS

The GNWT and the Hamlet jointly operate a 1,036 m x 30 m certified Arctic ‘C' grave runway.
Fadilities include the termind building, weather/communi cations equipment, and navigation aids.
Scheduled flight service is available through Cam Air Ltd. via Rankin Inlet/Churchill.

Marine Transportation is provided by Sedlift. Facilitiesinclude a beach landing and pushout south of the
community. High diffslimit expanson of these fadilities

Thereisno direct road access to Repulse Bay. Within the community there are approximately 8.9 km
of gravel surface roads. Calcium chlorideis applied annudly to 4.5 km of road to act as adust
suppressant and surface-gabilizing agent.

1.2.7 HOUSING

The number of private occupied dwellings increased 23.6% between 1986 and 1991. Asof 1994, the
Housing Corporation owned 76 housing units. The Housing Assstance Program, the Alternative
Housing Program, and Government L ease-to- Own units have accounted for 14 new homesin the
community.

1.2.8 COMMERCIAL ACCOMODATION

The Aivilik Lodge accommodates seven guests and the Naujat Co-op Hotel accommodates thirteen.

1.2.9 RECREATION AND CULTURAL ACTIVITIES

Recreationd facilitiesinclude agymnasium, built in 1986, and an arena, built in 1991/92. The
Community also has a playground and a playfiedd. Repulse Bay has an Active Recreation Committee.

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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1.2.10 EDUCATIONAL FACILITIES

Tusarvik School teaches grades K-9. Six teachers and three classroom assistants are on saff. The
Repulse Bay Education Council isthe local education authority.

1.2.11 HEALTH FACILITIES

The hedlth centre (747 m?), built in 1983, houses two medica beds, one bassinet, and one crib. Two
nurses, one therapist, and one community health representative are on staff.

1.2.12 FIRE PROTECTION FACILITIES

Fire protection condsts of atwelve-person volunteer fire brigade. Equipment includes a 1980
Internationa 625 g/min. triple combination pumper, afire sren, and atelephone darm system. The
community has afirehdl (116 n¥).

1.2.13 OTHER SERVICES AND M UNICIPAL SERVICES

RCMP sarvices are available from Coral Harbour. The Community Socia Services Office has a Saff
of two; sarvices include the Y outh Justice Committee.

Mail is delivered three times per week. NorthwesTée locd and long distance telephone service, CBC
Radio and CBC Tdevision are available through the Anik satdllite system. Thereis aso acommunity
radio gtation. Other television channelsinclude CTV, Cancom and CHCH. NWTPC provides 690
kW of diesd-generated power to the Hamlet.

Other infragtructure funded by Municipa and Community Affairs programsincludes staff housing, the
Hamlet office (with Six offices), athree-bay parking garage (196 m?), and a three-bay maintenance
garage (246 nv).

1.2.14 GENERAL DEMOGRAPHIC INFORMATION

The population of Repulse Bay, 615 (2000), is anticipated to grow at an average rate of 2.5% over the
next twenty years. Projections estimate that the population will be 702 in 2005 and 1012 in 2021. The
population is largdy Inuit.

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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Tablel.1: Population projectionsfor the Hamlet of Repulse Bay

Calendar
Year | Population
2000 615
2005 702
2010 797
2015 903
2020 1012

Figure 1.1: Population projection for the Hamlet of Repulse Bay
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2. BACKGROUND

2.1 PREVIOUS STUDIES

2.1.1 DILLON, SUPP. REPORT TO EVALUATION OF ALTERNATIVES, OCTOBER 1984

Dillon’s report was a supplementary report to be read in conjunction with “ Repulse Bay — Water
Supply, Sewage and Solid Waste Disposal — Evauation of Alternatives’ March 1980. This referenced
report was unavailable for review. Essentidly this report recommended what is now the existing dump
ste and sewage disposd Ste.

2.1.2 DILLON, PLANNING STUDY, JUNE 1984

This was a pre-design engineering study to devel op adternatives and recommendations for water supply
& digtribution, sewage collection & treatment and solid waste management. This report furthered
earlier works that were submitted in 1979 and 1980. The report made a number of recommendations.
The following are a summary of some gpplicable/relevant recommendations to this work:

Sewage disposa system should be designed to handle tanker truck contents and honey bags
separately.

Honey bags should be collected separately from garbage.

Sewage disposa systems should be located adjacent to the existing garbage disposa ste. The
system should include the following:

0 Accessroadway with truck turnaround;

o

0]

Discharge point at top of valey wal;

Gravity duice of pipe hdf sections

Solids retention pit;

Discharge ditch from retention pit to lagoon; and

Sawage lagoon with afloatables containment berm and relief pipes.

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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The exidting garbage disposa Site should be operated in a manner that the Ste is properly closed
before anew disposal Siteis prepared.

New site should have an area exclusively for bulky waste.

2.1.3 DPW, DESIGN AND OPERATIONS CONCEPT REPORT, SEPTEMBER 1990

Thiswas astudy carried out by DPW on behaf of MACA to provide engineering services for the
design and congtruction of new sewage and solid waste facilities in Repulse Bay. The report outlined
the following requirements:

Modified Landfill Areamethod. Required areafor landfill of 18,000 n¥ (depth of 900 mm).
Required areafor Bulky Waste of 1,000 n.

Congtruction of aduice, solids retention pit and floatables containment berm.

Required volume for honey bag disposal of 90 nt.

2.1.4 DPW, DESIGN AND OPERATIONS CONCEPT REPORT, M ARCH 1993

This report is essentidly a continuation of the report that was prepared in September of 1990. The
required landfill areaincreased dightly to 20,000 n?. The height of the landfill would be 1.5 m to
accommodate a volume of 30,000 . The report aso outlined operation methods and maintenance
schedules.

2.1.5 UMA, DESIGN AND OPERATIONS CONCEPT REPORT, M ARCH 1994

This report recommended that the existing solid waste facility be re-devel oped to appropriately handle
the various wastes produced by the community. UMA did not fed that the proximity to the airport
created a problem with birds. They did fed that the Stuation should be monitored prior to any further
development to quantify if thereisaproblem or not. It was noted in the Site visit report (Sept. 2, 1993)
that it was thought that a bird was struck by an airplane earlier that year. An dternate Site dong the
water road could also be devel oped.

UMA recommended monitoring of the effluent produced by the wetland syslem. The main reason
would be to determine the seasond variation of effluent quality and to determine the long-term
performance of the sysem. Thisinformation would aid in determining if alagoon type structure should
be developed. UMA referenced an offset requirement of 365 m for lagoons from airports, it was noted
that the exising sysem is400 m.

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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2.1.6 DILLON, WETLANDS SEWAGE TREATMENT SYSTEM | MPACT ASSESSMENT, JUNE 1998

Dillon (1998) reported on a sampling program at three communities using tundra wetlands for the
purpose of further developing the understanding of these systems, the expected effluent, the
development of desirable Site characteridtics, and design parameters. The communities were Baker
Lake, Chesterfidd Inlet, and Repulse Bay. This report found that the treated sewage discharge to
Repulse Bay does not gppear to be impacting the marine environment.

2.2 WATER SUPPLY AND TREATMENT

In the padt, the water supply had been obtained from asmall |ake approximatey 2 km from the
community. A pump was used to draw water from the source to the truck. Disinfection consisted of
adding cacium or sodium hypochlorite directly to the truck.

A pre-design study completed in 1984 investigated potentia permanent water supply sources. When
the truckfill fadlity wasin the planning stages, the community expressed a srong desire to have the
water supplied from Nuviq Luktujug Lake, a much larger 1ake approximately 4 km from the community.

In 1988, anew intake/truckfill facility was congtructed. The site conssts of a natura boulder deposit
between a bedrock ridge and Nuviq Luktujug Lake. The boulder deposit extends into the lake to form
aflat, shdlow shdf that rapidly drops off at a point 35 m from shore. A gravel pad has been placed at
the termination of the access road at the top of the rock ridge. The surface areais covered with
cobbles and stones, ranging from approximately 100 - 400 mmin Sze.

Water is drawn into the twin inclined shaft intake casings through vertically mounted drum screen intakes
located at a depth of approximately 5 m. Submersible pumps (one duty and one standby), located
ingde the casings about 6 m from the intakes, are mounted on skids and can be removed from the
caangs for servicing by means of awire pull arangement. The 100 mm diameter heat traced HDPE
discharge lines are carried inside the 300 mm diameter, 60 m long HDPE casings. The intake casings
areinsulated, balasted and protected by a granular berm and rip-rap. The pumps are capable of filling
the trucks at 1000 L/min.

The pre-engineered, skid-mounted pumphouse, 3.5 m x 7.6 m, is divided into two rooms. One room
contains the hypochlorination equipment and the sted discharge line from the intake to the truckfill arm.
The other contains twin 10 kW diesd eectric generators (one duty, one standby). Asthereisno
outside source of power, one of the gensetsis aways operating to prevent freezing of the intakes and to
hegt the building.

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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Pump maintenance requires pulling the pump and discharge pipe from the casing. While requiring more
time for removing sSmilar pumps from wetwells, this task has been performed successfully by loca
labour in many communities. Difficulties have occurred in the past due to mechanicd damage; the
casing itself can become crushed by ice. Proper bedding and cover of the casing minimizes the
frequency of this occurrence.

A hypochlorinator kit provides disnfection of the raw water. It conssts of a pump (48 L/h), two mixing
tanks, amixer and an injector. A chlorine test kit and a spare chemica feed pump are available.

2.3 WATER STORAGE AND DISTRIBUTION

The community’ s water storage is Nuviq Luktujuq Lake. The pumphouse draws water directly from
the lake. While the pumphouse facility is designed for maximum truckfill rate of 1000 L/min., the actual
cgpacity is dependent upon the lake leve a any given time. During commissioning, the actud flow rate
was gpproximately 1250 L/min.

A truckfill heet trace isingdled to thaw the truckfill aam. The arm is removable to facilitate repair or
replacement in case of damage.

In the event of the duty pump failing, the standby or dternate pump can be selected by the truck driver
amply by switching to the aternate pump on the "PUMPL/PUMP2" switch on the driver's control

pand.

Repulse Bay is now under afully trucked water distribution system operated by the Hamlet Council.
Water is ddivered using a1994 model F-800 8172 L truck. All water deliveries are metered.

2.4 SoLID WASTE VOLUME PROJECTIONS

Thereis no published information on waste volumes in Repulse Bay. Redying on data from other
communitiesin this region, the following table of estimated solid waste volumes was prepared.

The following assumptions were made to prepare this table:
- Yearly Per capitavolume described by Heinke and Wong (1990) is 0.014 n* /person/day.
The per capita population growth rate is 2.5% per year.
The waste will compact by 50% in the landfill.
The cover materia required is 20% of the compacted volume.
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Table2.1 Solid WasteProjectionsfor the Community of Repulse Bay

Solid Waste |Compacted

Year Pop. Volume Volume
cu.m. cu.m.

2001 630 3219 1610
2002 648 3311 1656
2003 664 3393 1697
2004 682 3485 1743
2005 702 3587 1794
| 2006 720 3679 1840
2007 738 3771 1886
2008 757 3868 1934
2009 777 3970 1985
2010 797 4073 2036
2011 818 4180 2090
2012 838 4282 2141
2013 858 4384 2192
2014 881 4502 2251
2015 903 4614 2307
2016 928 4742 2371
2017 949 4849 2425
2018 970 4957 2478
2019 990 5059 2529
2020 1012 5171 2586
2021 1033 5279 2639
44189

8838

53026

2.5 SEWAGE GENERATION PROJECTIONS

Sub-Total
Cover Material
Total Volume Required [m3]

The community population projections published by the Government of Nunavut indicate an average
community growth rate of 2.5% for the Hamlet. Figure 2.1 indicates the census population taliesfrom

previous years.
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Figure2.1 Population Increasein the Hamlet of Repulse Bay
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The Municipa and Community Affairs (MACA) planning guidelines suggest thet the increase in the
projected per capitawater use in a community should be modelled through the following equations.

(1) RWU x (1.0 + (0.00023 x Population)) Population <2000
(2) RWU x (-1.0 + (0.323 x Ln (Population)) 2000<Population<10,000
() RWU x 2 Population >10,000

The RWU or residential water use is estimated to be 90 litres per capita (Ipcd) for populations lower
than 2000. The RWU is estimated to be 220 Ipcd for populations greater than 2000.

Lnisthe naturd logarithm.

Equation 1 assumes that the population is using a ddivery system to transfer water to the population.
Equation 2 assumes the development of a piping system to transfer the water to members of a
community.

Utilizing these moddlling equations, the sawage generation was projected for the community of Repulse
Bay for a20-year span from the year 2001 to 2021 (Table 2.2). The assumption that the volume of
sawage crested is equd to the water consumed isinherent in the table. The dudge generation rate was
taken to be 0.035 Lpcd.

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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Table2.2 Sewage Generation Projectionsfor the Hamlet of Repulse Bay

Water
Consump| Sewage | Sludge [Accumulated

Year Pop. tion Volume | Volume Sludge

cu.m. cu.m. cu.m. cu.m.
2001 630 23694 23694 80 80
2002 648 24459 24459 83 163
2003 664 25144 25144 85 248
2004 682 25918 25918 87 335
2005 702 26784 26784 90 425
2006 720 27569 27569 92 517
2007 738 28358 28358 94 611
2008 757 29197 29197 97 708
2009 777 30086 30086 99 807
2010 797 30981 30981 102 909
2011 818 31927 31927 104 1013
2012 838 32834 32834 107 1120
2013 858 33747 33747 110 1230
2014 881 34805 34805 113 1343
2015 903 35824 35824 115 1458
2016 928 36991 36991 119 1577
2017 949 37979 37979 121 1698
2018 970 38973 38973 124 1822
2019 990 39927 39927 126 1948
2020 1012 40982 40982 129 2077
2021 1033 41996 41996 132 2209

& kB O @ F
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3. SOLID WASTE DISPOSAL SYSTEM

3.1 CURRENT PRACTICES

Solid waste collection occurs five days per week. Burning of wastesin oil drumsis not practiced
generdly, save for someretailers. Once per year in July or August, the community participatesin a

spring clean up.

The modified landfill Steislocated 1.2 km northeast of the community across from the airdtrip, just
north of the sewage truck dumping point. Solid waste is stored on a doping 12,000 n? unfenced site,
where used ail supplies (in summer) are used in aweekly controlled burn. Once each month, the solid
waste is compacted. Bulky wastes are stored at a separate 16,000 m? site.

The Hamlet owns one garbage truck. 1t isacompactor that rests upon a Ford truck. Garbageis
collected five days per week. The Hamlet charges for the garbage pick-up service. Ratesvary
depending on the classification of the pick-up. Residentid units are charged $25/month. Government
and Community buildings are charged $75/month. Commercia buildings are charged $250/month.

Resdents place garbage into a 45 gdlon drum outside their homes. The garbage truck picks up the
garbage and hauls it to the dumpsite. The garbage is placed onto the ground near the perimeter of the
covered area. Garbage is burned periodicdly. The burns are not scheduled by the Hamlet but
completed as necessary. The garbage is compacted on a semi-regular basis. The compacted garbage
is covered every two years with alayer of granular material. The Steis expanding to the East. The
Southern edge is encroaching onto the area utilized for wetlands treatment.

The hamlet maintains a separate areafor large, bulky items. The areaisimmediaey north of the
exiding generd drop-off area. Waste is separated into the following categories. metd waste, old
vehicles, old recreationd vehicles (snowmohiles, dl terrain vehicles), culverts, piping, hegting oil tanks,
wadte ail, septic tanks. The Hamlet is proficient in kegping this areain a neat, organized manner.

Locd building projects frequently drop off svageable materids at the genera drop-off area. Locals
arefreeto pick up this discarded materid for their persond use. Thereis no specific areathat is
marked out as a salvage area.

The existing general drop-off area sprawls over approximately 12,000 n¥. Thereis no fencing around
the general area. There is no signage at the generd area. The predominant North winds have scattered

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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litter into the discharge area of the sewage wetlands. The following photo was taken from atop the
sewage discharge area.

3.2 RECOMMENDATION

During the community consultation some concerns were expressed over the location of the bulky waste
Ste. It wasfdt that it should be relocated because it is now visble from anew subdivision that is being
devel oped to the north of the airport.

It was dso discovered in the past that the community had tried to ded with sedlift operators to remove
the metal waste for recycling in facilities in the south. These attempts failed because the hamlet could
not come to an agreement with the shipping companies over fair compensation for the work.

The recommendation for the bulky waste areaisto decommisson the existing Site. Itemsthat can be
disposed of within the decommissioned solid waste facility should be. The community should attempt to
ship out dl metal waste and waste oils etc. in the near future. A new bulky waste area should be
developed in the decommissioned solid waste area. This pattern should be repested over time.
Recydling of metd waste and developing bulk waste facilities in areas of decommissioned solid waste
aress.

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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4. SANITARY WASTEWATER TREATMENT SYSTEM

4.1 CURRENT PRACTICES

A typicd sewage pump-out truck is used to collect sewage from residences with holding tanks,
discharging the waste at a dumping point 0.5 km east of the community. The sawage wetland is south
of the landfill areaiin the same valley. The sewage drop off point adjoins the landfill area. Garbage has
found its way to the discharge stream down the valey. The discharge point is delinegted by two
concrete footings with a stedl beam positioned loosely between the footings. A sted ‘duice’ leads
down hill from the concrete footings. The discharge makesits way down the valey to the ocean.

Sted Suice a Sewage Dropoff Point Top of Sewage Dropoff Structure

Trestment is by the natura wetlands method. Wetlands treatment is aweb of complex physica and
biologica processes. Sedimentation, absorption of pollutants in the surface soils, nutrient uptake by

plants, and the oxidation of compounds by microorganisms are some of the processes that effect the
treatment.

From the dumping point, the sewage flows 1.4 km through a series of ponds and thickly vegetated areas
before entering Hudson Bay. Sampling and analysis carried out in the summers of 1993 and 1994
showed the wetlands trestment to be very effective. BODs levels of <10 mg/L and ammonialevesof
<0.08 mg/L were recorded just above the point where the effluent entered the Bay. Dillon (1998) found
that the wetland removed, during July, August and September, an average of 88% of the BODs, 87%

of the TSS, 95% of ammonia, 74% of the total Phosphorus and 100% of the Feca Coliform.

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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One residence in town relies on honeybags. Thisis contrary to the wishes of the Hamlet. The resdence
will no longer be provided with the service after October 15™ of 2001. All other buildings and homes
rely on sewage pumpout. The cost for providing this service isincluded in the cost for providing water.

The following photo shows the length of the wetland system. On the left side of the picture isthe
sewage drop-off point. On theright Sde of the picture is the outlet to Hudson Bay. The wetland
system is confined on the east and west Sde by exposed bedrock. The valey variesin width on
averageit is gpoproximately 50 m wide. There are three main ponds through which the effluent travels en
route to the outlet at Hudson Bay. The Dillon (1998) report the active trestment area can vary from 6.4
ha (entire valey) in the soring to 2.3 halater in the summer.

The predominant vegetation types within the bedrock domain are milfail, sedges and grasses.

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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4.2 EFFLUENT QUALITY

Dillon (1998) reports the following remova rates:

BODs 88%
Suspended Solids 87%
Ammonia 95%
Totd Phosphorus 94%
Faecd Coliform 100%

4.3 WETLANDS MODELLING

4.3.1 BACKGROUND

The plants within awetland act as naturd purifiers trapping and binding pollutants in the mud and roots.
The plants dso provide amedia to which bacteriacan cling asit grows. These bacteria, many identica
to those present in a mechanical sewage treatment plant, remove carbon and nutrients from the water.

It was Dillon's (1998) observation that treatment occurs with native species, and that the spring freshet
passed before the sewage stored asice began to melt. Instead, the mgjority of the sawageis dowly
released to the wetland as the ice mdlts, thus, receiving full treetment.  However, the contaminants go
with the first 10% to 30% of the flow (Gao, 1996)

4.3.2 SEWAGE CHARACTERISTICS

The Nunavut Water Board projects raw sewage characteristics based on the per capitarates shown in
Table4.1. The Nunavut Water Board projection demonsgtrates that sewage quaity parameters
decrease in value as aresult of the dilution due to the increase in water use.

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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Table 4.1 Sewage Char acteristic Projection

Residential Water Use per capita PDlitres

BOD 45grams

TSS 48grams

T-PO4 2.3grams

TKN 12grams

FC 9.50E+10#

Water
Year Pop. |Consumption| BOD TSS T-PO4 TKN FC
Lpcd mg/L mg/L mg/L mg/L #/dL
2001 630 103 437 466 22 116 9.2E+09
2002 648 103 435 464 22 116 9.2E+09
2003 664 104 434 463 22 116 9.2E+09
2004 682 104 432 461 22 115 9.1E+09
2005 702 105 430 459 22 115 9.1E+09
2006 720 105 429 458 22 114 9.1E+09
2007 738 105 427 456 22 114 9.0E+09
2008 757 106 426 454 22 114 9.0E+09
2009 777 106 424 452 22 113 9.0E+09
2010 797 106 423 451 22 113 8.9E+09
2011 818 107 421 449 22 112 8.9E+09
2012 838 107 419 447 21 112 8.8E+09
2013 858 108 418 445 21 111 8.8E+09
2014 881 108 416 443 21 111 8.8E+09
2015 903 109 414 442 21 110 8.7E+09
2016 928 109 412 440 21 110 8.7E+09
2017 949 110 410 438 21 109 8.7E+09
2018 970 110 409 436 21 109 8.6E+09
2019 990 110 407 434 21 109 8.6E+09
2020 1012 111 406 433 21 108 8.6E+09
2021 1033 111 404 431 21 108 8.5E+09
Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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4.3.3 TREATMENT REQUIREMENTS

4.3.3.1 Hydraulic Loading

With the apparent success of wetlands treatment in the NWT, Y ukon and other jurisdictions, the
Government of the Northwest Territories commissioned astudy of the potentid use of wetlands for the
treatment of municipa wastewater in the NWT. Doku and Heinke' s (1993) study reviewed the use of
naturd and congtructed wetlands in northern and southern wetlands and identified preiminary design
condderations. Doku and Heinke recommended that hydraulic and organic loading rates should not
exceed 100 to 200 m*/ha.d and 8 kg BODs/ha.d. Doku and Heinke also stated that the critically used
design parameter isthe hydraulic loading rate, while the organic loading rate is used as a check to
ensure that the aerobic conditions necessary for microbid activity prevail in awetland system.

Dillon (1998) revised Doku and Heinke's design recommendations to; 18 to 400 mP/ha.d for the
hydraulic loading criteria.

There are no climate normals for Repulse Bay a Environment Canada. There is climate normas
information for Hall Beach; therefore this information will be used. The gppended climate normas
indicate that ice will be accumulated for 8 months and the duration of the melt period is 60 days.

For the FSC cdculations below, the daily sewage generation value was obtained from the 20-year
design sewage generation volume within Table4.1. The Sze of the wetland used for the calculaionsis
6.4 ha, the full area of the valey and the 9ze of the wetland in the spring.

Evaporation and sublimation were not included in these cdculaions. Caculations for hydraulic loading
are appended.

Table 4.2 Hydraulic loading summary

) Hydraulic Loading Rate
Duration
(m¥d.ha)
During Melt (July & August) 97.2
After Melt (September & October) 20.5

The hydraulic loading rates during the melt period, and after the melt period, fall within the Doku and
Heinke recommendation of 100 to 200 m/ha.d.

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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4.3.3.2 Organic Loading

The organic loading cdculations are Smilar to the hydraulic loading cdculaions, Hal Beach climate
normals and the 6.4 hawetland will be used in addition to the sewage generation characteristicsin Table
4.1.

Evaporation and sublimation were not included in these calculations. Caculations for organic loading
are appended.

Table 4.3 Organic L oading Summary

. BODs Loading Rate
Duration
(kg/d.ha)
During Melt (July & August) 36.4
After Melt (September & October) 7.3

The organic loading rate ca culated during the melt period is higher then the suggested design values
from both Doku and Heinke, 8 kg BODs/ha.d and revised by Dillon, 0.6 to 15 kg BODs/ha.d.

4.3.3.3 Alberta Environmental Protection Guidelines

Alberta (1998) has published a set of guiddines, which use soreadsheets and arithmatic algorithms,
based on a 20° C rate constant, to define the area of awetland and its expected effluent quality.

A =0.0365Q/ - In(C; - C*)/(Ce- C*)

Where A =required area
Q =Design FHow
k = Rate congtant for a given temperature
Ci = Influent Concentration
C. = Target Effluent Concentration
C* = Wetland Background Concentration
for BOD, C* = 7.8 + 0.063C;

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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for TSS, C* = 3.5+ .053C
Based on this modd the predicted effluent concentration is determined by the model
Co=C* +(C;i - C*) exp (- kA/0.0365Q)

Alberta s guiddines have not been proven in northern climates. In addition, they are designed for an
average temperature of 20°C.

FSC has been collecting whatever datais available on wetlands and comparing the results to the Alberta
model. Repulse Bay's average summer temperature is assumed to be 5.5°C. Assuming that biologica
production rate is decreased by haf as the temperature decreases from 20° to 10 °C , then again by half
as temperature decreases to 5°C, the resullts of the mode is compared to Dillon’s 1998 data and
conditions.

Table 4.4 Comparison of Dillon 1998 to Alberta M odel

BODs; Removal Rate TSS Removal Rate Faecal Coliform Removal Rate

Dillon 1998 90 90 100

Alberta Model 92 93 100

Asthereaults are smilar, the modd shows promise, however, there remains insufficient empirical data
to develop specific correction factors. However, we are confident that they can be applied to indicate
the future conditions & Repulse Bay.

The dgorithms are gpplied to the Repulse Bay Stuation for the 20 year projection. The summary of the
results follow and the calculations are appended.

Table 4.5 Alberta Environmental Protection Guiddines Summary

Nunavut Water
Wetland Board Guidline
area BOD Ci TSS Ci BOD TSS BOD Co | TSS Co
(ha) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
6.4 431 404 100 120 63 33

Using the adapted Albertamode, the caculation of BOD and TSS effluent concentrations fal below
those outlined by the Nunavut Water Board Guiddines.

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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4.4 DISCUSSION

The hydraulic loading rates fal within those recommended by Heinke and Dillon. Over time, increased
hydraulic loading may cause some erosion and channelling which will reduce the effectiveness of the
wetland. The Stuation should be monitored annually and if necessary, permesble granular berms
installed to spread water across the available area(s).

The organic loadings rates are higher during the spring than those recommended, however, moddling
suggests that NWB effluent requirements should till be meet in year 20.

All of the consequences of higher than suggested organic loading rates are managegble if detected early.
Anaerobic conditions may occur within the wetland. These conditions would not stop trestment; just
dow it down and take away from the aesthetic value of the wetland. In the worst case, some plants
may die, potentially causing blockage and short-circuiting. The Ste should be monitored annudly for
early Sgns of anaerobic conditions.

A winter storage exfiltration pond could be consdered to reduce organic loading. The contaminant
concentrations, including BODs, are reduced approximately by 40%. The organic loading rate during
the mdlt period would then be about 22 kg/hald, till dightly higher than recommended, but showing
promise in the modd.

The wetland a Repulse Bay is anaturd system and subject to naturd variability caused by temperature,
aunlight intengity, rainfdl, and the like.  Asaresult, effluent qudity may vary annudly.

4.5 RECOMMENDATIONS
The following improvements should be implemented to the existing sewage disposa system.
o Litter and any other solid waste should be removed from the wetland area.

o Bollards and whed stops should be ingtaled to prevent trucks from backing off of the drop- off
area.

o Signage should be placed not only at the discharge facility but dso dong the wetland route the
effluent follows on its peth to the ocean.

o Thewetland should be monitored for early sgns of erosion or channdling and anaerobic
conditions.

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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5. SOLID WASTE OPTIONS

5.1 OVERVIEW

The main concern with the Sewage & Solid Waste system in Repulse Bay isthe increased potentia for
bird/plane incidents due to the proximity of the Solid Waste disposd areato the existing airport facility.
Aswell, thereisaminor concern that the bulky waste disposal areais visble from the new subdivison
area built to the North of the runway.

There are two dternatives available to remedy the Stuation. They are asfollows

Do nothing;
Close out exiging Solid Waste site and develop a new ste.

There are three dternative Stes that were observed as potentid locations for a new solid waste landfill
fadlity. These Steswere numbered 1, 2 and 3. Their location relative to the community can be seenin
the figure on the next page.

5.2 SoLID WASTE DisposaL OPTIONS

There are severd acceptable methods of disposa for municipa garbage that are acceptable for usein
the North today, including:

Modified landfill;
Sanitary Landfill;
Landfill with burning;
Incineration; and
Bding.

These options will be examined in the following sections

5.2.1 M ODIFIED LANDFILL

The modified landfill is very smilar to the open dump/landfill. The difference liesin the planning and
operation of the facility. Modified landfill Stesrequire careful planning in their operation to ensure that
they are utilized efficiently so that they can maximize their sarvice life within the design period. Garbage

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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is disposed of in pre-determined locations, compacted and covered at more frequent intervas than the
open dump style. A separate area for bulky and hazardous wastes is required.

5.2.2 LANDFILL WITH BURNING

Thistype of landfill isan extenson of the open dump/landfill. Burning is used to reduce the volume of
the garbage to extend the life of the landfill. Much of the waste generated in smdl northern communities
iscombugtible. This enables asgnificant reduction in the volume of the garbage.

Although burning is currently used in the community its use has falen out of favour with regulatory
officids. Open burning increases the risk of injury to workers and the public from explosions of
discarded aerosol cans. Thisincreases the liability of the community. It o creates concerns due to
the potentia effects on the hedlth of workers and the public, incomplete combustion creates air pollution
concerns, hazardous materia deposited with municipa waste could be released into the atmosphere,
etc.

Burning will not be considered further in this report.

5.2.3 SANITARY LANDFILL

Thistype of landfill requires daily compaction and cover with soil. It isalabour intensve operation that
requires a high level of supervison. The sanitary landfill has been widely accepted as the standard
disposd infrastructure type in southern locales with populations greater than 5,000. 1t requires access
to chegp and extengve amounts of fill. Due to the equipment time commitment required and the lack of
fill materid in the community this option will not be discussed further.

5.2.4 INCINERATION

Essentidly, incineration is a combustion process that breaks down waste into inert, easily trangportable
materid. This process generdly provides complete combustion of the materid unlike open burning.
Thisdleviates anumber of the hedth and liability concerns with incineration versus open burning. It
does not however diminate them; improperly maintained incinerators can rel ease persistent organic
pollutants and heavy metas into the atmosphere. Incineration dso virtualy eiminates problems
associated with bird control.

Incinerators in the past have been typicaly complex sysems requiring areatively high degree of
gpecidization to maintain equipment in pesk running conditions. High capital cogts for the equipment
and equally high cogts for replacement parts have made this option less desirable than other smpler
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more cost effective methods. I|mprovements have been devel oped that may make this option more
suitable in this type of gpplication.

Because there will be no waste available that could be considered as food by birds and/or other wildlife,
it may be possible to congtruct an incineration facility at the same location as the current solid waste
fadlity.

It is noted that severd provinces do not alow burning of MSW. Other provinces are planning to ban
MSW burning in the future.

5.2.5 BALING

The City of Yédlowknife currently operates a baling facility for disposa of its municipal waste. There are
positive attributes for utilizing this technology which include: reduced cover materid thickness, longer
landfill life due to increased compaction of refuse, enhanced materid recycling costs.

Essentidly abaing system congits of abaler machine located in an enclosed building with adumping
areq, typicaly aconcrete floor. The garbage trucks deposit their bins on the concrete floor and aloader
pushes the refuse into aloader bin. The baer takes the garbage and presses it hydraulicdly and ties it
with wire. These bales can be stacked within the landfill.

However, these operations have considerable capita costs and associated operation and maintenance
cods. For these reasons this option will not be discussed any further in this report.

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
FSC Project 2001-1050 Page 25



6. POTENTIAL SOLID WASTE DISPOSAL SITES

6.1 SITE ONE

This ste was 975 m from the tank farm to the access road along water road. The road leading from
water road to the arealis aout 225 min length. The areais naturally shielded from view from the weater
road by a bedrock outcrop. The areaitsdf is bounded on the sides by bedrock outcrops. The far end
of the Ste drops off into an inlet of the ocean.

While the generd topography of the arealendsitsdf to being an appropriate site for amodified landfill,
there are other factors that render the area undesirable for such asolid waste Ste. Primarily the Steis
directly north of the community. Odors from the site will propagate into the Hamlet on aregular basis
due to the predominant north winds.

Thelocation of this Ste dlowsit to be suitable to be a potential Site for an incineration unit. However,
the predominant winds in the area would blow emissions towards the community. It isunlikdly that this
would be acceptable to the community. It islikely that there is enough space to accommodate a bulky
waste area. Thislocation is blocked from view from the water lake road by alarge bedrock outcrop.
Thisisthe only dte out of the three that does not have a potentia conflict with the airport’ s flight path.
The siteis, however, within the 3km radius of the airport.

Aswell, the gteis 900 m overland from the nearest community development. The community is
growing in the direction of thisste. It is reasonable to expect that the community will encroach on the
gteinthefuture. Thisgtewill not be discussed further.

Panoramic View to the North
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6.2 SITE TwoO

The second site is gpproximately 3 km by road out of town along water lake road. 1t is on the North
sde of the road immediatdly adjacent to it. The areais quite large and is bounded by a bedrock
outcrop on the Northwest Sde. Theterrain isreativey flat with some short bedrock outcrops.

The extensve area available for a solid waste Site and distance from the community makesthis area
gppeding. The area however is outsde the 3km distance minimum from the airport and lies within close
proximity to the flight path zone of the airport. The Siteislower than bedrock outcrops to the south of
the ste. Assuch it does not protrude into the take-off / approach surface of the airport.

Thisareaisrdatively flat. Bedrock ispredominant in thisarea. The areaiisimmediately adjacent to the
water road. These features reduce the potential development costs of any buildings or other facilitiesin
thisarea. Assuch, itislikey that amodified landfill would not be accepted by the community and
would be regarded as an eyesore. A sketch of the proposed layout and cost estimate can be viewed in
the following pages.

Panoramic view to the North
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6.3 SITE THREE

The third dite is the same distance from the community by road as Ste 2. It is South of the water lake
road, directly opposite from ste 2. It is gpproximately 2.7 km from the end of the runway. The Steis
goproximately 3.3 km from the geographica center of therunway. Theterrain of the areais Smilar to
Site 1. Large bedrock outcrops form a boundary on the east and west sides of the area. The south end
drops off down into avaley. Accessisat the north end. A bedrock outcrop hides the area from view
from the road. The developed site would not rise above the peak eevation of the adjacent bedrock
outcrops. Assuch it does not protrude into the take-off / approach surface of the airport.

Drainage from this valey runs down a steep dope at the Southeast end of the valley into another large
sweeping area. Thisareadrains away from the old water lake into an inlet off of the ocean. Thisinlet
runs out to the ocean just East of the outlet for runoff from the existing solid waste disposal area. There
isaufficient volume in the vdley to handle the projected 20 years of solid waste.

This ste would likely be acceptable to the community. The Site meets the minimum 3 km setback from
the airport depends on your interpretation of the requirement. The Ste lies goproximatey 3.3 km from
the geographical center of the runway.

Panoramic View from North Ridge
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6.4 SITE FOUR

This ste was not visited during the tour of the community. This Ste was not discussed with any of the
loca community representetives. At the time of the vigit incineration was not considered as an option
for deding with the solid waste generated by the community. Some investigation into the feesibility and
codt of an incinerator facility was completed after the Site vigt.

The incineration unit requires eectrical power and produces minimal emissons. The Site was sdlected
dueto its proximity to the town. Thiswill reduce the cost of providing power. Aswell, the
predominantly north winds will blow the emissons away from the community. The sysem isnot
complex, company representatives reported that individuals with HV AC experience would be able to
maintain the unit.

This option will require the extension of an existing road by gpproximately 222 min length. A new
building will be required to house the facility. An ash deposit Ste will aso require development.
Volume reduction rates of 90% are achievable. An ash deposit area with avolume of gpproximately
9000 7 would be required to handle the 20 year projected waste production.

This option adso dlowsfor the possbility of heat recovery. Thisisan additiond capita cost to indall
additiona equipment. It would reduce O&M requirements for the building thet the unit ishoused in. As
well, the incineration unit could be fitted to digoose of waste ails, fud, etc.

This system has been ingaled in northern locations with success. Literature produced by the company
is presented in an gppendix to this report.
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7. OPTIONSEVALUATION

In order to evauate potential remediation options objectively, we have used a decision making tool
cdled aweighted factor andyss. This tool/method is amodification of the Kepner-Tregoe andyss. It
involves two digtinct steps, which are outlined as follows.

7.1 INITIAL SCREENING

Theinitid screening process involves the crestion of congtraints, which each option/aternative must
meet. Only optiong/dternatives that meet each condraint will be included in the final analyss.

M ust meet the Public Hedlth Act;
Must meet Nunavut Water Board Acts and Regulations;
M ust meet 20 year requirement; and

Must not impede on future growth of community

7.2 OPTIONSANALYSIS

If an option passes our initia screening process it will beincluded in our final evauation process. The
find process congsts of evaluating each option on a set of objectives that has been deemed the *want’
criteria

The want criteriaare alist of objectivesthat are weighted according to their importance to the decision
to be made. Each option isthen objectively ranked against these criteria and scores assigned based on
the ranking multiplied by the weight of the criteria. The weighted scores for the various options are
added to provide atotal score for each option.

Thetotal score for different options can be compared to provide an indication of which option best
mests the stated objectives for a new solid waste disposal system.

The following “want” objectives have been established for this project:

1. Lowest Capital Cog;

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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2. Lowest O&M Costs,
3. Lowest Net Present Vaue (NPV);
4. Acceptable to the community; and

5. Maximum distance from airport.

7.2.1 SELECTING WEIGHTS

A binary choice decison modd was used to generate preliminary weighting for each objective. In this
mode, only two objectives are considered a atime, the more important objective receiving a"1" and
the other a"0". When al objectives are considered the scores are summed and the results placed in
descending order. The highest-ranking objectiveisthen assigned a"10". Othersreceive alesser
weight.

The following table shows the decison process.

Table 7.1 - Binary Decision Modd to Assign Weightsto Objectives

Capital | O&M NPV | Community Distance | Total | Assigned
Cost Cost Acceptance | to Airport Weight

Capital Cost - 0 1 1 0 2 8
0O&M Cost 1 - 1 1 0 3 9
NPV 0 0 - 1 0 1 7
Community 0 0 0 - 0 0 6
Acceptance

Distance to 1 1 1 1 - 4 10
Airport

7.2.2 SCORING

1. Lowest Capital Costs

Thelowest Capital cost will be scored "10". Others will be scored based on percentage.
2. Lowest O& M Cost

The lowest O& M capital cost will be scored "10". Others will be scored on percentage.

3. Lowest Net Present Value

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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The lowest Net Present Vaue will be scored "10". Others will be scored on percentage.

4. Locations Acceptable to the Community

Locations to which the community would be receptiveto - 10

L ocations to which the community may be receptiveto - 5

L ocations to which the community will not be receptiveto - O

5. Distancetothe Airport

The ste, which isthe furthest away from the airport will be scored “10”. Others will be scored based

on percentage of the distance. It should be noted that the incineration option is a different type of
operation than the landfill. Whileit isa solid waste facility, dl refuse is dropped off insde of an enclosed
gructure. The ash produced by the system isinert and unusable to animasfor food. As such, the

required 3.0km separation may not be gpplicable to this system. As such, the score for this option will
not be based on distance but will be scored afive.

7.2.3 RESULTS

The following table shows the results of the modified K-T Andyss
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Option 2 Option 3 Option 4
Want Weight Score W*S Score W*S Score W*S
Lowest O&M Cost 9 9.7 87.0 10 90.0 6.1 55.1
Lowest Capital Cost 8 6.2 49.8 10 80.0 4.1 32.6
Lowest NPV 7 7.3 51.3 10 70.0 4.7 33.2
IAcceptable To Community 6 5 30.0 10 60.0 5 30.0
Distance From Airport 10 10 100.0 9 90.4 5 50.0
Total 318.1 390.4 201.0

Legend: Capital |Annual O&M NPV Dist.2 Airport
Option 2 | $2,999,518 | $133,670 | $4,429,879 3650 Site Two
Option 3 | $1,866,207 | $129,250 | $3,249,271 3300 Site Three
Option 4 | $4,584,529 | $210,944 | $6,841,780 420 Incinerator
Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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8. CONCLUSIONSAND RECOMMENDATIONS

8.1 SUMMARY OF OPTIONS

8.1.1 LANDFILLING

Two landfilling options were examined, at Stes2 and 3. They have estimated costs of construction and

operations as follows:

Option Capital Cost Annual O&M
2 $2,999,518 $133,670
3 $1,866,207 $129,250
4 $4,584,529 $210,944

| —d
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The preferred landfilling option is at Ste 3. 1t is cheaper to develop and operate. Aswell, itislikely to
be the option most acceptable to the community. 1t isdightly closer to the airport than option two but is
outside the 3km-offset requirement. It is further away from the flight path than option 2.

8.1.2 INCINERATION

Incineration without waste heet recovery was examined. The capital and operating costs were found to
be sgnificantly higher than the landfilling options. Incineration would eiminate many environmental
concerns with respect to contamination from the waste thet is disposed in landfill. Aswell, it greatly
reduces the area required for disposal of waste. Solid waste volume reductions of 90% are achievable.

8.2 DISCUSSION AND ANALYSIS

Landfilling and incineration are both adequate methods of deding with solid waste in northern
communities. In this case the capitd cost and O&M cogt of the incineration unit render it unappeding.

Two landfill Steswere examined. While there isample area for future expansion a site two, it ismore
expengve to deveop and maintain thisste. Aswdll, this Ste would not likely receive support from the
community.

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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Site three is the option with the least cost to congtruct and operate. 1t would be relaively smple to
congruct. It iscapable of handling the 20 year projected garbage production of the community. Itis
likely to recelve more support than any of the other options due to its *hidden’ location.

All options require the decommissioning of the existing solid waste facility. The cost estimates alowed
for reshgping and compaction of the existing garbage to alow for natura drainage through the area

The exigting Steis too close to the sewage waste disposal area. Garbage is Strewn across the
waterways, which is not acceptable.

All options require the bulky waste areato be decommissioned. It is recommended that the community
develop a metal waste-recycling program. Metd waste should be shipped out in conjunction with sedlift
delivery. Itisaso recommended that the new bulky waste disposal area be relocated to atop the
decommissioned solid waste Site.

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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9. SITE3PHASED COST

Due to the nature of this project, a portion of the capital cost could be phased over the next severa
years. Site 3 was chosen by the K-T Andysisto be the best option for anew solid waste Site a
Repulse Bay and therefore the cost for congtruction of this project and decommissioning the existing
solid waste Site can be phased over the next four years.

The congtruction of site 3 does not need to take place al at once. One quarter of the Site could be built
in 2002. Oncethis portion is complete, the existing solid waste Site should begin to be
decommissioned. Thefirst 300 mm layer of cover over the waste should be gpplied in 2002. The
following year thefind layer of 300 mm cover can be gpplied. The exiging solid waste site will then be
completely decommissioned in 2003.

Once the exigting solid waste Site is abandoned, the bulky waste can be moved to that Sitein 2004. The
following year the abandoned bulky waste site should be cleaned up and decommissioned. All saills
and stains should be scraped and deposited in the solid waste Site. Then the site should be covered
with 300 mm of generd fill asrequired to bring the Ste to pogtive drainage.

The following teble, Table 9.1, isthe detailed phased cost plan.
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Table 9.1 Phased Cost 2002-2005
2002

Capital Component Unit Cost Unit Quantity Extension
General fill, ¥ of the new site $60 nr 1837 $110,199
Granular fill, ¥ of the new site $75 ' 56 $4,191
IAccess road, new site $188 m 250 $47,063
Close out Solid Waste (300 mm) $60 n 3600 $216,000
Subtotal $377,451
Engineering & Contingency @ 40% $150,98(
Total $528,431
2003

Capital Component Unit Cost Unit Quantity Extension
Close out Solid Waste (300 mm) $60 n 3600 $216,004
Fencing, % of new site $150 M 3 $4,65(
Subtotal $220,650
Engineering & Contingency @ 40% $38,26(
Total $308,910
2004

Capital Component Unit Cost Unit Quantity Extension
Move Bulky Wasteto New Site $3,480 day 10 $34,800
Subtotal $84,80(0
Engineering & Contingency @ 40% $33,92(
Total $118,720
2005

Capital Component Unit Cost Unit Quantity Extension
Cover abandoned Bulky Waste Site (300 mm) $60 n 4714 $282,844
Spill clean up allowance $10,000 lump 1 $10,00q
Subtotal $292,840
Engineering & Contingency @ 40% $117,136
Total $409,976
Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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Table 9.2 Phased Cost Summary

Remaining Capital Component for New Site Unit Cost | Unit | Quantity Extension
General fill, ¥ of new site $60 m 5510 $330,592.50
Granular fill % of new site $75 nr 169 $12,571.89
Fencing, ¥ of new site $150 m oY $14,100
Subtatal $357,264.38
Engineering and contingencies $142,905.75
2002-2005 Total $1,366,037]
Total $1,866,207.00
Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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Appendix A
Wetlands Calculations
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Daily Hydraulic Load, Repulse Bay

Daily sewage generation (m3/d) 116

Duration of pond storage (months) 8

Melt period (months) 2

After melt period and before freeze (months) 2

Rainfall during melt period(mm) 41.7

Rainfall after melt period (mm) 14.8

Size of wetland (ha) 6.4

Pond Storage (m3) 27721.05

Ice pack melt (m3/day) 462.0175

Rainfall rate over wetland during melt (m3/d) 44

Rainfall rate over wetland after melt (m3/d) 16

Total daily hydraulic load during melt (m3/d) 622

Total daily hydraulic load after melt (m3/d) 131

Heinke requires 100 -200 (m3/d/ha)

Total hydraulic load during melt per ha 97 (m3/d/ha)
Total hydraulic load after melt per ha 21(m3/d/ha)
Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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Daily Contaminant Load, Repulse Bay

Total hydraulic load during melt (m3/d) 622
Total hydraulic load after melt (m3/d) 131
Rainfall rate over wetland during melt (m3/d) 44.5
Rainfall rate over wetland after melt (m3/d) 15.8
BOD concentration (mg/L) 404
TSS concentration (mg/L) 431
T-PO4 concentration (mg/L) 21
TKN concentraion (mg/L) 108
FC concentration (#/dl) 8.52E+09
Size of wetland (hydraulic loading calculation, ha) 6.4

Contaminant load during melt (kg/d)

BOD contaminant load (kg/d) 233.2 36.43
TSS contaminant load (kg/d) 248.7 38.86
T-PO4 contaminant load (kg/d) 11.9 1.86
TKN contaminant load (kg/d) 62.2 9.72
FC contaminant load (#/d) 4.9E+09 7.69E+08
Contaminant load after melt

BOD contaminant load (kg/d) 46.6 7.29
TSS contaminant load (kg/d) 49.7 7.77
T-PO4 contaminant load (kg/d) 2.4 0.37
TKN contaminant load (kg/d) 12.4 1.94
FC contaminant load (#/d) 9.8E+08 1.54E+08
Heinke's recommendation 8 kg/d/ha for BOD

Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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Alberta Guidelines, Repulse Bay

Surface Flow Wetland Treatment

Design Flow m3/d Q=

Wastewater Characterization Ci

Target Effluent Quality Ce

Wetland Background Input C*=

for TSS, C* = 7.8 + 0.063Ci
for BOD, C* = 3.5 + 0.053Ci

Area Rate Constant @200C k =

Required Wetland Area A=

Models A= 0.0365*Q * In| Ci-C*
k Ce-C*

Projected Effluent Quality Co

Co=C*+[Ci-C* exp - KAmax
0.0365*Q

Overall % removal

& kB O @ F

NH4-N  FC

80| 8.52E+09

2 10000|

| 33.23684 26.32586

0 100

18 77

4653  4.029

Available Area

0.50| 1.03E+02|

99.374 100.000
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10C
Area rate constant, k, has been divided by 2 from 20C value

Alberta Environment Wetlands Calculations

Surface Flow Wetland Treatment

Design Flow m3/d Q=

TSS BOD TP N NH4-N  FC
Wastewater Characterization  Ci | 403.7593 430.6766 20.63659 107.6691] 80| 8.52E+09
Target Effluent Quality mg/l  Ce | 120| 100| 2 4 2 10000|
Wetland Background Input C*= | 33.23684 26.32586 0.05 2 0 100

for TSS, C* = 7.8 + 0.063Ci
for BOD, C* = 3.5 + 0.053Ci

Area Rate Constant @100C k = 500 17 6 11 9 38.5
Required Wetland Area, ha A = | 0071 2274 8918 8183 9305  8.059
Models A= 00365Q * In|ci-cr Available Area
k Ce-C*
Projected Effluent Quality ~ Co | 3324 2968 3.84 6.76 6.33 1.65E+05|
Co=C*+[Ci-C* exp - KAmax
0.0365*Q
Overall % removal 91.768 93.109 81.376  93.725 92.090 99.998
Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02

F SC Project 2001-1050



5C
Area rate constant, k, has been divided by 2 from 10C value

Alberta Environment Wetlands Calculations

Surface Flow Wetland Treatment

Design Flow m3/d Q= 622.0019

& kB O @ F

TSS BOD TP N NH4-N  FC
Wastewater Characterization Ci | 404l 431| 21| 108| 80| 8.52E+09|
Target Effluent Quality mg/l  Ce | 120| 100| 2 4 2 10000|
Wetland Background Input C*= | 33.23684 26.32586 0.05 2 0 100
for TSS, C* = 7.8 + 0.063Ci
for BOD, C* = 3.5 + 0.053Ci
Area Rate Constant @50C k= 250 8.5 3 55 4.5 19.25
Required Wetland Area, ha A = | 013 4548 17.83¢ 16.37d 18.611 16.117

Models A= 0.0365*Q * In| Ci-C* Available Area
k Ce-C*

Projected Effluent Quality ~ Co | 3324 6315 889 24420 2250 3.75E+07
Co=C*+[Ci-C* exp - KAmax
0.0365*Q

Overall % removal 91.768  85.337 56.936 77.321 71.876  99.560
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Appendix B
Cost Calculations
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Option 2
Site Two
Capital Component Unit Cost Unit Quantity |[Extension Y ear i = 8%
Earthworks 1 1 $133,67(
General Fill $60 cu.m. 18299 $1,097,940 2 0.925925926 $123,764
Granular Fill $75 cu.m. 1850 $138,750 3 0.85733882 $114,60(
Fencing $150 lin.m. 562 $84,300 4 0.793832241 $106,114
Close-out Bulky Waste Area $377,640 lump 1 $377,640 5 0.735029853 $98,251
Close-out Solid Waste Area $432,000 lump 1 $432,000 6 0.680583197 $90,974
Spill clean up allowance, Bulky Waste| $10,000 lump 1 $10,000 5 0.630169627 $84,235
New Access Road $188 lin.m. 10 $1,883 8 0.680583197 $90,974
9 0.540268885 $72,218
Subtotal $2,142,513 10 0.500248967 $66,869
Engineering & Contingency @ 40% $857,005 11 0.463193488 $61,915
Total $2,999,518 12 0.428882859 $57,329
13 0.397113759 $53,087
14 0.367697925 $49,150
15 0.340461041 $45,509
O&M Component Unit Cost Unit Quantity |[Extension 16 0.315241705 $42,134
Fencing Repair $40.00 lin.m. 562 $22,480 17 0.291890468 $39,017
Berm Maintenance $100.00 lin.m. 520 $52,000 18 0.270268951 $36,127
\Waste Compaction $30,000.00 lump 1 $30,000 19 0.250249029 $33,451
IAccess Road Clearing & Maintenance| $219.00 lin.m. 10 $2,190 20 0.231712064 $30,973
Cover material $60.00 cu.m. 450 $27,000 Sum Annual Costs $1,430,361
Capita Cost $2,999,514
Total $133,670 Net Present Value $4,429,879
Construct berm 157x157, depth of 2.5m.
Relocate existing bulky waste area to closed-out Solid Waste Area.
Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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Option 3
Site Three- Phased cost plan
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Capital Component Unit Cost Unit Quantity |Extension
Earthworks

General Fill $60 cu.m. 7346.5 $440,790
Granular Fill $75 cu.m. 223.5 $16,763
Fencing $150 lin.m. 125 $18,750
Close-out Bulky Waste Area $377,640 lump 1 $377,640
Close-out Solid Waste Area $432,000 lump 1 $432,000
New Access Road $188 lin.m. 250 $47,063
Subtotal $1,333,005
Engineering & Contingency @ 40% $533,202
Total $1,866,207
O&M Component Unit Cost Unit Quantity |Extension
Fencing Repair $40.00 lin.m. 125 $5,000
Berm Maintenance $100.00 lin.m. 125 $12,500
\Waste Compaction $30,000.00( Ilump 1 $30,000
IAccess Road Clearing & Maintenanceg $219.00 lin.m. 250 $54,750
Cover material $60.00 cu.m. 450 $27,000
Total $129,250

Construct berm 157x157, depth of 2.5m.

Relocate existing bulky waste area to closed-out Solid Waste Area.

Repulse Bay Sewage Lagoon and Solid Waste Site

F SC Project 2001-1050

Y ear i = 8%
1 1 $129,250
2 0.9259259 $119,676
3 0.8573388 $110,811
4 0.7938322 $102,603
5 0.7350299 $95,003
6 0.6805832 $87,965
5 0.6301696 $81,449
8 0.6805832 $87,965
9 0.5402689 $69,830
10 0.500249 $64,657
11 0.4631935 $59,868,
12 0.4288829 $55,433
13 0.3971138 $51,327]
14 0.3676979 $47,525
15 0.340461 $44,005
16 0.3152417 $40,745
17 0.2918905 $37,727|
18 0.270269 $34,932
19 0.250249 $32,345
20 0.2317121 $29,949
Sum Annud
Costs $1,383,064
Capital Cost $1,866,207
Net Present Valug $3,249,271]
03/18/02



Site Three - Phased Cost Plan
2002

Capital Component Unit Cost Unit Quantity |[Extension

Close out Solid Waste (300 mm) $60 cu.m. 3600 $216,000
General fill 1/4 of the new site $60 cu.m. 1837 $110,198
Granular fill 1/4 of the new site $75 cu.m. 56 $4,191
IAccess road new site $188 lin.m. 250 $47,063
Subtotal $377,451
Engineering & Contingency @ 40% $150,980
Total $528,431]
2003

Capital Component Unit Cost Unit Quantity |[Extension

Close out Solid Waste (300 mm) $60 cu.m. 3600 $216,000
Fencing, new site $150 lin.m. 31 $4,650
Subtotal $220,650
Engineering & Contingency @ 40% $88,260
Total $308,910

@ @ U R

Repulse Bay Sewage Lagoon and Solid Waste Site

F SC Project 2001-1050

03/18/02



2004

Capital Component Unit Cost Unit Quantity [Extension

Move Bulky Waste to New Site $8,480 day 10 $84,800
Subtotal $84,800
Engineering & Contingency @ 40% $33,920
Total $118,720
Unit cost based on $1000/2 trucks & 2 loaders

1 load every two hours, 4 labourers at $120 / day. 8 hours per day.

2005

Capital Component Unit Cost Unit Quantity [Extension

Cover Bulky waste site (300 mm) $60 cu.m. 4714 $282,840
Spill clean up allowance $10,000 lump 1 $10,000
Subtotal $292,840
Engineering & Contingency @ 40% $117,136
Total $409,976
Remaining Capital Component for

new site Unit Cost Unit Quantity |Extension

General fill 3/4 of site $60 cu.m. 5,510 $330,592.50
Granular fill 3/4 of site $75 cu.m. 168 $12,571.88
Fencing, new SW site $150 lin.m. 94 $14,100.00
Sub total $357,264.38
Engineering and contingencies $142,905.75
2002-2005 Total $1,366,0371
Total $1,866,207.00

@ @ U R
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Option 4
Incinerator
Capital Component Unit Cost Unit Quantity Extension Y ear i = 8%
Earthworks 1 il $210,944
General Fill 60 cu.m. 1528 $91,680 2 0.9259259 $195,319
Granular Fill 75 cu.m. 80 $6,000 3 0.8573388 $180,851
Fencing $150 lin.m. 0 $0 4 0.7938322 $167,454
Close-out Bulky Waste Area $367,640 | lump 1 $367,640 5 0.7350299 $155,05(
Close-out Solid Waste Area $432,000 | lump 1 $432,000 6 0.6805832 $143,565
New Access Road $374 lin.m. 222 $83,084 5 0.6301696 $132,931
8 0.6805832 $143,565
Building $3,520 sg.m. 360 $1,267,200 9 0.5402689 $113,967
Eco Waste Equipment 10 0.500249 $105,525
Oxidiser $724,500 | lump 1 $724,500 11 0.4631935 $97,708
\Waste Loading Equip. $74,200 lump 1 $74,200 12 0.4288829 $90,470
IAsh Removal Unit $78,000 lump 1 $78,000 13 0.3971138 $83,769
Subtotal $3,124,304 14 0.3676979 $77,564
Engineering & Contingency @ 40% $1,249,721 15 0.340461 $71,818
Total $4,374,025 16 0.3152417 $66,498
0O&M Component Unit Cost Unit Quantity Extension 17 0.2918905 $61,573
Incinerator $92.64 tonne 1010 $93,566 18 0.270269 $57,012
Berm Maintenance $100.00 lin.m. 0 19 0.250249 $52,789
IAccess Road Clearing $219.00 lin.m. 222 $48,618 20 0.2317121 $48,878
Cover material $60.00 cu.m. 90 $5,400 Sum Annua Costs $2,257,251]
Building (5% of capital) 5.00% $1,267,200 $63,360 Capital Cost $4,374,025
Total $210,944 Net Present Vaue $6,631,276
Relocate existing bulky waste area to closed-out Solid Waste Area.
New access road average fill = 0.6m meter.
Average tonnage of waste over the 20 year projection, 240 kg/cu.m.
Repulse Bay Sewage Lagoon and Solid Waste Site 03/18/02
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Initial Screening

(KT Must Analysis)

Option 1 Option 2 Option 3 ([Option 4 (Option 5

Facility Must Meet the Public

Health Act pass pass pass pass pass

Facility Must Meet Nunavut

\Water Board Requirements pass pass pass pass pass

System Must Meet 20 Year

Requirement pass pass pass pass fail

System Must Not Impede

future growth of the

community fail pass pass pass pass

Legend:|Process Description

Option 1 Site One, Modified Landfill & Bulky Waste Area, Decommission Existing Site
Option 2 Site Two, Modified Landfill & Bulky Waste, Decommission Existing Site
Option 3 Site Three, Modified Landfill & Bulky Waste, Decommission Existing Site
Option 4 Site Four, Incinerator, Bulky Waste at Site Three, Decommission EXxisting Site
Option5 Do Nothing

Repulse Bay Sewage Lagoon and Solid Waste Site

F SC Project 2001-1050
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Options Analysis

(KT Want Analysis)

Option 2 Option 3 Option 4
Want Weight Score W*S Score W*S Score W*S
Lowest O&M Cost 9 9.7 87.0 10 90.0 6.1 55.1
Lowest Capital Cost 8 6.2 49.8 10 80.0 4.1 32.6
Lowest NPV 7 7.3 51.3 10 70.0 4.7 33.2
IAcceptable To Community 6 5 30.0 10 60.0 5 30.0
Distance From Airport 10 10 100.0 9 90.4 5 50.0
Total 318.1 390.4 201.0

Legend: Capital JAnnual O&M NPV Dist.2 Airport
Option 2 | $2,999,518 | $133,670 |$4,429,879 3650|Site Two
Option 3 | $1,866,207 | $129,250 |$3,249,271 3300|[Site Three
Option 4 | $4,584,529 | $210,944 |$6,841,780 420|Incinerator

Repulse Bay Sewage Lagoon and Solid Waste Site
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Appendix C
Eco Waste Product | nfor mation
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Appendix D
Hall Beach Climate Normals
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