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1. INTRODUCTION

1.1 PROJECT UNDERSTANDING

Ferguson Smek Clark was contracted to complete a planning study for the Coral Harbour Sewage
Treatment Systems and Solid Waste Disposd Sites for the Department of Community Government
and Trangportation, Government of Nunavut. The following examines the purpose of this study as
per itsdivison into two sections.

o Sewage Digposa and Treatment:

= Site Ingpection of the proposed new access road, sewage truck dumpsite and
retention pond;

= Development of adesign concept for approva by the client and the Hamlet;

= Development of aclose out plan for the existing sewage dumpsite;

= Provide Site surveys as required to design the proposed access road, dumpsite, and
retention pond and to close out the exigting Ste;

= Submission of the design for the access road, dumpsite and retention pond; and

= Closeout plan for the exiging Site for approva by the regulatory agencies.

o Solid Waste Disposal Area

= Thedevelopment of design concepts for anew solid waste disposd ste for
goprovad by the client and Hamlet. Our planning will include the areaimmediately
northward of the existing Ste;

=  Development of aclose out plan for the existing solid waste Site for gpprova by the
client and the Hamlet;

= Provide Ste surveys as required to complete the design of the new solid waste site
and to close out the exigting Ste; and

=  Thesubmission of the design concept for the new solid waste Site and close out
plans for gpprova by regulatory agencies.

1.2 COMMUNITY INFORMATION

1.2.1 GENERAL

Cord Harbour islocated a South Bay, in the Boothia- Foxe Lowland Ecoregion, on the southern
end of Southampton Idand. Located at 64°08¢N and 83°10¢W, it is 720 km west of Igauit and
1,560 km north-east of Y dlowknife.
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1.2.2 GEOLOGY AND TERRAIN

Linear bedrock ridges run in an approximate north to south direction spaced about 400 m gpart.
Pdaeozoic marine limestone condtitutes virtudly al of the bedrock in the area. The seasond effects
of frogt shattering and surface water runoff have resulted in ablanket of irregular, angular gravel and
the flushing of fine materid from ridges. The subsequent deposition of fines has occurred in low-
lying areas. Where therock is not exposed at the surface, the ground is usualy covered with athin
layer of brown, fibrous peat. True soil development islimited to marshy aress.

The active layer of permafrost is up to 2 m below the surface during the late summer months,
Wesakly developed polygond patterned ground is evident in virtudly dl the areas devoid of
vegetation.

1.2.3 VEGETATION

Mosses and lichens are common throughout the region. Flowering plants fare better in low-lying
wetland, while lichens characterize drier areas. Graminoids, brown mosses, and willows up to 30
cm in height are found in the wetter aress.

1.2.4 CLIMATE

Cord Harbour recelves an average of 14.1 cm of rainfall and 131.9 cm of snowfal per year. Mean
annud precipitation totals 27 cm. July mean high and low temperatures are 13.1° C and 4.2° C.
January mean high and low temperatures are -25.5° C and -33.8° C. Winds are generdly
northwest and annually average 20.2 km/h.

1.2.5 COMMUNITY HISTORY AND ECONOMY

The Cora Harbour areawas first inhabited by the Sdlirmiut Inuit, descendants of the Thule. These
people made stone, whale, and turf homes, wore bearskin clothes and used flint-headed weapons.
These characterigtics are atypica of other coastd Inuit groups. On his 1612 voyage, Sir Thomas
Button’ s expedition became the first Europeans to reach Southampton Idand. The area began
economicaly in the 1860's as awhaing base, continuing until 1920. All but five of the Salirmiut
perished from disease brought over by the whaers; the tribe is now extinct.

The settlement was established by the Hudson Bay Company, which opened apost in 1925. An
Inuk started the Anglican Mission at the same time, and a Roman Catholic Mission opened in 1927.
During the Second World War, an airfidld was opened by the R.C.A.F. and the U.SA.F. 15 km
from the present community. The Site served as arefuding stop and hospitdl staging area. At this
time the community was divided into north and south camps. 1n 1948, the MOT took over the
arfied, and the DEW-Line operation saw anincreaseinitsuse. A school was built in 1950. The
federad adminigtrator arrived in 1959 and the firgt nursing station was built in 1963.

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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Today the economy is based on marine mammal and polar bear resources. Some residents are
employed at the airfield or the weather Sation, while otherswork in private enterprise. Tourism
opportunities conast of sport fishing, arts and crafts sales, and the carving of warusivory. Private
business is associated mainly with the tourism indudtry.

Cord Harbour gained hamlet status on April 1, 1972. A traditiond name for the Hamlet is*“ Sdliq”,
meaning ‘Idandsin the South'.

1.2.6 TRANSPORTATION AND ACCESS

The Government of Nunavut and the Hamlet jointly operate the 1,524 m x 31 m certified Arctic ‘C’
grave runway. Other facilities and services include the air termind building,

weether/communi cations equipment, and navigationd aids. Scheduled flight serviceisavallable. An
unlicensed water aerodrome provides floatplane access. Bresk-upis in July and freeze-upin
October.

Marine trangportation is provided by barge. Facilities include a beach landing for shalow draft only
and apushout at Snafu Beach, five km west of the community.

There isno direct road access to Cora Harbour. Within the community there are gpproximately
20.9 km of roads. Cacium chlorideis applied annualy to 4.6 km of road to act as a dust
suppressant and surface-gabilizing agent.

1.2.7 HOUSING

The number of occupied private dwellings increased 36.5% between 1986 and 1991. As of 1994,
the Housing Corporation owned 100 housing units. The Housing Assistance Program, the
Alternative Housing Program, and Government L ease-to- Own units have accounted for 39 new
homesin the community.

1.2.8 COMMERCIAL ACCOMODATION

The Esungark Motel accommodates six guests and Leoni€' s Place accommodates twelve guests.

1.2.9 RECREATION AND CULTURAL ACTIVITIES

The school gymnasium was built in 1977. The community hdl, built in 1989, indudes a curling rink
and arena. There are dso two playgrounds and a playfidd. Cord Harbour has an active recregtion
committee.

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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1.2.10 EDUCATIONAL FACILITIES

Atausiunsuarniq School teaches grades K-12. Sixteen teachers and three language specidists are
on geff.

1.2.11 HEALTH FACILITIES

The hedlth centre (983 n?), built in 1986, houses six medica beds, two bassinets and one crib.
Two nurses, one thergpist, and one community health representative are employed.

1.2.12 FIRE PROTECTION FACILITIES

A ten-person volunteer fire brigade uses a 1980 Internationa Superior triple combination pumper
(625 g/min capacity) to fight fires. The community has afirendl (149 mp).

1.2.13 OTHER SERVICESAND M UNICIPAL SERVICES

The RCMP detachment gaffs one officer. The Community Socid Services Office, with a aff of
two, overlooks the Y outh Justice Committee.

Mail is delivered twice per week. NorthwesTe loca and long distance telephone service, CBC
Radio, and CBC Television are available through the Anik satdllite syssem. Thereisaso a
community radio sation. The Rankin Inlet Nunavut Power Corporation area office provides 1,290
kW of diesd-generated power.

Other infragtructure funded by Municipa and Community Affairs programsincludes staff housing, a
community office (315 n?), atwo-bay maintenance garage (228 m?), and two three-bay parking
garages (143 m? and 140 n?).

1.2.14 GENERAL DEMOGRAPHIC INFORMATION

Based on discussons with hamlet officids the current population in 2001 is between 750 and 800.
The population by ethnic digtribution is 95% Inuit and 5% nonaborigind. The population by age
and sex didribution isasfollows. 0-4 (19%), 5-14 (25%), 15-64 (54%), 65+ (2%); 50% mae and
50% femde. The Government of Nunavut has published population projections for the community.
These will be used for the remainder of this report.

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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Table1.1: Population projectionsfor the Hamlet of Coral Har bour

Calendar
Y ear Population
2001 888
2006 1003
2011 1128
2016 1281
2021 1445

Source; www.gtats.gov.nu.ca

Figurel.1 Population projection for the Hamlet of Coral Harbour
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2. BACKGROUND

2.1 PREVIOUS STUDIES

2.1.1 W.L. WARDROP & ASSOC., ADDENDUM NO. 1 TO COST EFFECTIVE ANALYSISWATER
SUPPLY, SEWAGE & SOLID WASTE DIsPosAL, CORAL HARBOUR, NWT, FEBRUARY 1983

This report was written to provide additiond information relaing to a draft report that was
submitted in 1981. This document does not re-iterate much of what was presented in the draft
report but refers the reader to it. Much of the report concentrated on dternative weter ditribution
and supply andlyss.

This report was written prior to acceptance of wetlands as an acceptable means of sewage
disposdl. 1t discusses the option of utilizing an ocean outfall. 60% of the resdenceswereon a
pumpout system. Honeybags were disposed with municipal waste. The report suggested
congtruction of berms or dykes around the sewage dumping point. The report noted that rock
ridges at the exigting site prevent surface runoff to either the Post River or the community. Aswell,
the existing Site acts as a naturd lagoon due to its depression like festures.

There were no concerns with the exigting solid waste disposdl area. The system in usetoday is
virtualy identica to what was in place twenty years ago. The report suggested periodic covering of
solid wastes, burning to reduce volume and segregation of bulky wastes.

Concerns over the exigting facilities were limited to the fact that the same road accessed the sewage
disposd, water supply and solid waste facilities. The concern was for the potentia contamination of
the reservoir due to spillage by atransport vehicle.

2.1.2 GNWT - DPW, DESGN & OPERATIONS CONCEPT REPORT, OCTOBER 1992

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 fecilitiesin Cora Harbour. The report
referenced the Wardrop study. The report determined the following:

At thetime of the Ste vigt in 1991 the current solid waste Site was found to be adequate for
use by the community. The disposal area can be expanded to the existing sewage disposal
area upon completion of the proposed sewage disposa lagoon.

Bulky waste was not organized and was disposed at two different locations. A better
system needed to be devel oped.

A honey bag disposal cdll should be crested with avolume of 220 n?,

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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A new sawage lagoon should be congtructed. Dimensions as follows: area= 15000 nt,
depth of 4 m, crest width of 4 m. Two locations were discussed. Thefirgt in theexising
pond, only a berm constructed on the downstream end was required. The second location
was about 300 m further north of the existing ste. A sewage flume should be constructed
aong with atruck turnaround area. The community preferred Ste two.

2.1.3 UMA ENGINEERING LTD., DESGN & OPERATIONS CONCEPT REPORT, M ARCH 1994

Thiswas a study carried out by UMA on behaf of MACA to review previous work and studies
done on the sewage and solid waste systems and to develop designs, procedures and schedules,
estimates and locations to expand or improve the existing facilities. The report determined the
fallowing:

Recommended againgt discharging sewage to the ground. Discharge area should have
appropriate access, discharge controls and discharge into alagoonarea. Honeybags should
be separated from the municipa waste stream. Concern from operators that the disposal
areaistoo steep.

Solid waste: current practices appropriate for Ste and conditions. Mgor deficiency issite
organization and lack of means to control windblown materid. Burning is practiced and
athough discouraged it is an effective means of volume reduction. Operators reported that
their main problem is incomplete burning of the waste.

Did not recommend mechanicd trestment for the following reasons. extreme operating
conditions for temperature, extreme geographic distance and limited access for
maintenance, intermittent high strength waste water generation, limited availability of trained
operating personnel.

Discussed two potential Sites that were outlined in the 1992 report further. Ocean 2500 m
away from the sites. Utilizing the exigting pond (6000 sg.m.) would minimize congtruction
this pond is connected to a second pond (26000 sg.m.). Environmental evaluation suggests
that the current system can handle the projected 20-year loading, however monitoring of the
system is recommended.

The second site would require the congtruction of containment berms and 300 m of access
road congtruction. The location is just to the north of the existing Site. The discharge could
ether exfiltrate through the berm, or through an engineered drain or overflow.

The development of Site 1 for a sewage drop- off facility was recommended. It was not felt
that the congtruction of an engineered lagoon would result in asgnificant increase in effluent
qudity. It would ad in retaining solids. An effluent monitoring program should be
developed.

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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For solid waste the report determined that there was no risk to aircraft from bird activity at
the drop-off facility. An ingpection by the GNWT in 1991 determined the existing facility
was adequate. Expansion to the East was not recommended due to the numerous pondsin
the area. Expansion to the West was promoted it stated that overland flow to the
community would be impeded by a bedrock ridge and road to the south (likely the old

airport road).

A 20-year solid waste volume of 54,100 nt was projected. The existing initial
development projected volume remaining was 7000 . Expansion to create an area 250
m x 70 m was recommended. Only fencing dong the North edge of the landfill was
recommended. It was fdt that the perpendicular access road through the facility would
serve as aroadblock. Development of an organized bulky waste Site was recommended on
the south end of the development.

Various setback criteriawere presented. Landfills require a450 m setback from areas of
human habitation. A 90 m setback to a public road alowance may not be gpplicable
because the road is not alegdly defined right of way.

2.1.4 ARCTIC ENVIRONMENTAL SERVICESL TD., REVIEW OF THE NATURAL WETLANDS
SEWAGE DISPOSAL SYSTEM AT CORAL HARBOUR, M ARCH 1995

Thiswas a sudy done on behdf of Municipd and Community Affairs. It was commenced in the
summer of 1994. Its main purpose was to demondirate the effectiveness of this particular natural
sewage treetment system. Aswaell, it was to point out any innovations that could be incorporated to
dlay any public hedth concerns.

A number of vegetation species can be found dong the flow route. Inlowland organic aress. cotton
grass tussocks, Labrador tea, arctic willow, sedge and peat moss, cranberry, daisies and other
grasses. In bedrock areas: lichens and mosses.

Surface area of ponds aong flow route:

Pond 1 & 2, Surface Area=5000 n, Catchment Area=48500 n¥, average depth 1 m, estimated
retention time (UMA) 94 days

Pond 3, Surface Area=25900 nv, Catchment Area=74000 n?, depth = 2.3 m, estimated retention
time (UMA) 236 days

Pond 4, Surface Area=3300 n, Catchment Area=29500 n¥, depth=1m

There are five dternative drainage routes that could be available if the disposal location were
relocated further north dong the existing road. This alows for additiond expansion in the future if

additiona disposa capacity is ever required.

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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Enhancement options discussed were goplicable only if the sysem is not performing well or if there

is an exiding hedlth hazard concern. One option is to increase retention times by modifying existing

natural impoundments or condructing artificid impoundments. Another option is to improve the

source dump location with respect to bank erosion protection or operator protection against

sewage sprayback. Thereislittle need to enhance the operation of the wetlands disposal system

beyond making improvements at the front end.

Wastewater anayss indicates that there are no heavy metas present. It is noted that the landfill has
anegative water quaity influence that will likely increase over time as the landfill grows and wastes
accumulate.

The system is effective within a short distance from the dump source location. Ninety percent of the
biologica breskdown occurs within the first 300 m of distance dong the flow route. Find effluent is
of agood quality 600 m from the dump source. There is no reason to enhance the effectiveness of
the current waste flow pattern.

Loading capacity was not quantified. 1t was stated that the system should be sufficient to handle
sewage loads to a point well beyond the year 2000. The system should be monitored to seeif itis
continuing to be effective.

The report recommended that the perimeter of the sewage flow route should be marked by sgnage.

2.2 WATER SuPPLY AND TREATMENT

Kigulik Lake, located 2.9 km west of the community, was the former winter source for weter.
Westher-related access closures and the seasond deterioration of its water quality forced the
community to search for amore reliable source.

The source chosen was the Post River. This fast-flowing river contained adequate capacity for the
Hamlet. Thewater is of good to excdlent chemica qudity for domestic use. Based on chemica
andydsthe water is very clear, soft, weskly buffered, and low in dissolved solids.

However, concerns for winter reliability remained. To resolve this concern areservoir and truckfill
system were congtructed near the river. Now a permanent supply line from theriver is used tofill
the reservoir each summer. Water is pumped from theriver at a point 2 km northwest of the
community. The pumphouse is awood frame building equipped with a skid-mounted portable
diesd pump system. The water is drawn from a point 20 m from shore and pumped 1500 m to the
reservoir.

For treatment, water is drawn from the reservoir and chlorinated in the pumphouse by a
hypochlorinator. The pipe that carries the water from the pumphouse to the truckfill arm has
chlorine injected into it when the trucks are being filled.

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
Project: 2001-1050 Page9



%=l
o
o o

Comparison of the chemica andysis for raw and treated water samples to the Guidelines for
Canadian Drinking Water Qudity shows the parameters tested to be below the recommended
limits. Microbiologica andlyss of treated water shows that batch chlorination eiminates or greetly
reduces the number of bacterial species present in raw water samples.

2.3 WATER STORAGE AND DISTRIBUTION

Water for domestic use is stored in arock-blast reservoir, located approximately 1 km northwest of
the community. The reservoir, completed in 1980, has a usable storage capacity of 25,200,000 L.
The reservoir was expanded in the late 1990's. This expanson doubled the storage capacity of the
community.

Submersible pumps located ingde twin 100 mm diameter HDPE intake lines pump the water from
the reservoir. Theintake lines are heat-traced and are carried inside 250 mm diameter HDPE pipes
which are themselves protected by 75 mm of polyurethane insulation and a 400 mm HDPE outer
casing. The casings are supported by an 80 m long inclined rock dope which has been blasted out
of the Sde of the reservoir. The upper ends of the casings enter the truckfill pumphouse at floor
levd.

The truckfill pumphouse, a3.5 m x 4.7 m pre-engineered building, houses the hypochlorinator. A
ged pipe cariesthe water from the intake lines through the pumphouse and into the truckfill arm. A
amilar smdl pre-engineered building located besde the pumphouse houses an emergency generator.

The truckfill rate is900 L/min. Water is ddlivered by the hamlet’s 8172 L capacity truck. Each
resdence receives addivery three times per week. Tankssizesvary from 225 L to 2250 L for
resdences. The nursing station, school, hotdl, and government staff quarters contain larger tanks
ranging from 1362 L to 4540 L in capacity. All water deliveries are metered.

2.4 SoLID WASTE VOLUME PROJECTIONS

Thereis no published information on waste volumes in Cora Harbour. Relying 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:
Y early Per capita volume 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 materid required is 20% of the compacted volume

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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Table2.1 Solid Waste Projectionsfor the Community of Coral Harbour

Solid Waste | Compacted

Year| Pop. Volume Volume

2001| 888 4538 2450

2002] 911 4655 2514

2003] 933 4768 2575

2004| 955 4880 2635

2005] 978 4998 2699

2006] 1003 5125 2768

2007] 1024 5233 2826

2008] 1049 5360 2895

[ 2009] 1078 5509 2975

2010J1101 5626 3038

201111128 5764 3113

201211158 5917 3195

2013]1187 6066 3275

20141219 6229 3364

2015|1250 6388 3449

2016|1281 6546 3535

201711312 6704 3620

2018] 1345 6873 3711

2019] 1376 7031 3797

2020] 1410 7207 3892

2021] 1445 7384 3987
66312 Sub-Total
13262 Cover Material
79575 |Total Volume Required [cu.m.]

2.5 SEWAGE GENERATION PROJECTIONS

The MACA planning guidelines suggest that the increase in the projected per capitaweater usein 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
(3)RWU x 2 Population >10,000

The RWU or resdential water use is estimated to be 90 litres per capita (L ped) for populations
lower than 2000. The RWU is estimated to be 220 L pcd for populations greater than 2000.

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 moddling equations, the sawage generation was projected for the

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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community of Cord Harbour for a20-year span from the year 2001 to 2021 (Table 2.2). The
assumption that the volume of sawage created is equd to the water consumed isinherent in the
table. The dudge generation rate was taken to be 0.035 L pcd.

Table 2.2 Sawage Generation Projectionsfor the Hamlet of Coral Harbour

Water Sewage | Sludge | Accumulated
Year Pop. |Consumption| Volume | Volume Sludge
2001 888 35129 35129 113 113
2002 911 36197 36197 116 230
2003 933 37226 37226 119 349
2004 955 38263 38263 122 471
2005 978 39354 39354 125 596
2006 1003 40549 40549 128 724
2007 1024 41561 41561 131 855
2008 1049 42774 42774 134 989
2009 1078 44192 44192 138 1127
2010 1101 45327 45327 141 1267
2011 1128 46668 46668 144 1411
2012 1158 48172 48172 148 1559
2013 1187 49638 49638 152 1711
2014 1219 51271 51271 156 1867
2015 1250 52868 52868 160 2026
2016 1281 54479 54479 164 2190
2017 1312 56105 56105 168 2358
2018 1345 57851 57851 172 2529
2019 1376 59507 59507 176 2705
2020 1410 61361 61361 180 2885
2021 1445 63244 63244 185 3070
Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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3. SOLID WASTE DISPOSAL SYSTEM

| —d

3.1 CURRENT PRACTICES

Employees of the hamlet collect garbage five days per week. A Ford truck modified with a
compactor on the back is used to collect the garbage. The hamlet foreman estimates that the truck
is capable of hauling 2300 kg of garbage in onetrip. Each residence hasa 205 L drum in front of it
to contain the trash until pickup. There are gpproximately 177 resdences in the community.

Garbage truck loading at hotdl.

The garbage is hauled to the exigting solid waste management site. It islocated 2.5 km northwest of
the community on the east Side of agravel ridge. The truck deposits the garbage at the edge of the
covered portion of the landfill. A wheded loader pushes the garbage over the edge of the dopes
every two weeks. Combustible waste at the disposal site is burned weekly. At the end of each
summer a cat compacts the garbage that has accumulated. Every two years the uncovered garbage
is covered and compacted.

Garbage truck and loader at work.

The existing solid waste disposal Site covers an area of approximately 7,300 n. Thereis no fencing
a thegte. Thisisone of the largest contributing factors to the amount of windspread litter observed
around the ste. The community usudly performs aclean up of the litter every two or three years.

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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Thereisroom for expansion to the north and east. Thisareaiswet and boggy throughout the
summer months and would be difficult to work with.

View of Site from the North Wind Blown Litter

The areato the west of the existing Siteisin use asabulky waste disposa area. The bulky wastein
thisareaisold vehicles and tires. The Hamlet does not want any more development in this areafor
fear of contamination of the Post River. Hamlet workers are in the process of relocating the bulky
waste to an area southeast of the landfill Ste. Old agppliances are stored 500 m north of the solid
wade Ste.

Large metal waste items are discarded within the municipa waste area. These itemsinclude old
tanks, culverts, barrels, etc. The presence of these items with municipa wastes reduces the
compaction potentid of the refuse and thus decreases the service life of the existing fecility. Any
future devel opments should include a more organized gpproach to the disposal of metd items that
are not typica of the household garbage stream.

Vehicle Digposd Area South of Landfill Ste

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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Bulky Waste West of Site Discarded Tires

The hamlet foreman expressed some concerns. Waste oil, antifreeze, transmission fluid, €c. is
stored in an area near the hamlet shop. The Hamlet does not have adisposal procedure for these
wagtes. The loader operator must be careful when pushing garbage over the side of the dopesto
avoid puncturing the machine stires. The foreman would like to have fencing ingaled in the future
to minimize the effects of wind on the landfill.

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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4. SANITARY WASTEWATER TREATMENT SYSTEM

4.1 CURRENT PRACTICES

The Hamlet provides sewage tank pump out service for the community. The Hamlet owns and
operates two 6000 L sewer trucks. An older 4800 L truck is available for back up. All houses are
pumped out each day. Some homes have opted to receive pump out service only 3 to 5 times per
week. The gzes of the holding tanks in the community vary from 3000—4000 L. Of the 177
residences in the community, 150 are currently in service. Sewage serviceis provided 7 days per
week.

Sewage Spillway Sewage Drop Off Location

The sewage is transported to a sewage drop off area 2.8 km northwest of the community. The
sewage istreated by the natural wetlands method. Thetotal area covered by the overland trestment
sysemis 10.5 ha. The wetlands congst of four shdlow pondswith an areaof 7 ha. The remaining
3.5 haare covered by soilsfrom 2 - 15 mm in thickness. Cotton grasses and sedges are the mgor

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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vegetation speciesthat grow in the soils. The highly treasted water is discharged to Hudson Bay.
The sewage wetlands run in a predominantly southeasterly direction towards the ocean. Assuch it
runs through the toe of the expanding solid wadte facility.

The discharge point is a pushout adjacent to the accessroad. It is setup to alow the operator to
dischargein three different directions, depending on the wind direction. There are no bollards or
sgnageto indicate the arealis a sawage disposa area. Some logs were placed to act as awhed
stop for the operators.

During the winter months, sewage is stored in the upper reaches of the wetlands in the form of an
ice mound.

There are no residences in town that rely on honeybags. All buildings and homes rely on sewage
pumpout. The cost for providing this service isincluded in the cost for providing water. Residents
will utilize honeybags for camping trips. These are digposed of dong with the municipa waste. The
hamlet foreman finds this method of disposal acceptable.

Panoramic view of sawage drop of point and primary lagoon.

4.2 WETLANDS M ODELING

4.2.1 PURPOSE

The purpose of wetland modeling for Cora Harbour isto determineif the existing wetlands are
aufficient to meet the 20- year demand of the community. Modeswill be compared to empirica
data collected in Cora Harbour and other northern communities.

If the modeling proves the wetlands to be insufficient then a close out plan for the sawage dump site
will be required.

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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4.2.2 BACKGROUND

The plants within awetland act as naturd purifiers trgpping and binding pollutants in the mud and
roots. The plants dso provide a mediato which bacteria can cling asit grows. These bacteria,
many idertical to those present in a mechanica sewage trestment plant, remove carbon and
nutrients from the water.

With the apparent success of wetlands trestment in the NWT, Y ukon and other jurisdictions, the
Government of the Northwest Territories commissioned a study of the potentid use of wetlands for
the treetment of municipal wastewater in the NWT. Doku and Heinke' s (1993) study reviewed the
use of naturd and constructed wetlands in northern and southern wetlands and identified preiminary
design congderations.

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 characteristics, and design parameters.

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

4.2.3 SEWAGE CHARACTERISTICS

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

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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Table 4.1 Sewage Char acteristic Projection
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Residential Water Use per capita Olitres

BOD 45 grams

TSS 48 grams

T-PO4 2.3 grams

TKN 12 grams

FC 950E+10#

Water
Year Pop. [Consumption BOD TSS T-PO4 TKN FC
Lpcd mg/L mg/L mg/L mg/L #ldL

2001 865 108 417 445 21 111 8.80E+07
2002 888 108 415 443 21 111 8.77E+07
2003 911 109 413 441 21 110 8.73E+07
2004 933 109 412 439 21 110 8.69E+07
2005 955 110 410 437 21 109 8.65E+07
2006 978 110 408 435 21 109 8.62E+07
2007 1003 111 406 433 21 108 8.58E+07
2008 1024 111 405 432 21 108 8.54E+07
2009 1049 112 403 430 21 107 8.50E+07
2010 1078 112 401 427 20 107 8.46E+07
2011 1101 113 399 426 20 106 8.42E+07
2012 1128 113 397 423 20 106 8.38E+07
2013 1158 114 395 421 20 105 8.34E+07
2014 1187 115 393 419 20 105 8.29E+07
2015 1219 115 391 417 20 104 8.24E+0Q7
2016 1250 116 388 414 20 104 8.20E+07
2017 1281 117 386 412 20 103 8.15E+07
2018 1312 117 384 410 20 102 8.11E+07
2019 1345 118 382 407 20 102 8.06E+07
2020 1376 118 380 405 19 101 8.02E+07
2021 1410 119 378 403 19 101 7.97E+07

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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4.2.4 TREATMENT REQUIREMENTS

4.2.4.1 Hydraulic Loading

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 prevall in awetland system.

Dillon (1998) revised Doku and Heinke's design recommendations to: 18 to 400 m*/had for the
hydraulic loading criteria

The appended climate normas for Coral Harbour from Environment Canada 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 sawage generation volume within Table 4.1. The Sze of the wetland used for the caculations
is the current wetland 10.5 ha

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

Table 4.2 Hydraulic loading summary

) Hydraulic Loading Rate
Duration
(m3*d/ha)
During Melt (June & July) 100
After Melt (September & October) 28

The hydraulic loading rates fal within those recommended by Heinke and Dillon.

4.2.4.2 Organic Loading

The organic loading caculations are Smilar to the hydraulic loading cadculaions, the climate normas
and the 10.5 hawetland will be used in addition to the sewage generation characterigtics in Table
4.1.

Evaporation and sublimation were not included in these calculaions. Calculations for organic
loading are appended.

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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Table 4.3 Organic L oading Summary

. BODs Loading Rate
Duration
(kg/d/ha)
During Melt (June & July) 30.2
After Melt (August &September) 6.1

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

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

All of the consequences of higher than suggested organic loading rates are manageable if detected
early. Anaerobic conditions may occur within the wetland. These conditions would not stop
treatment; just dow it down and take away from the aesthetic vaue of the wetland. In the worst
case, some plants may die potentidly 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. Such a pond will
reduce BOD and TSS by approximately 40%. The organic loading rate during the melt period
would then be about 18 kg/had, ill dightly higher than recommended, but showing promisein the
modd.

4.2.4.3 Alberta Environmental Protection Guidelines

Alberta (1998) has published a set of guidelines, which use soreadsheets and arithmatic agorithms,
based on a 20° C rate congtant, to define the area of awetland and its expected effluent qudity.

A =0.0365Q/k - In(C;-C*)I(C.-C*)

Where A =required area
Q =DesgnHow
k = Rate congtant for a given temperature
Ci = Influent Concentration
C. = Target Effluent Concentration
C* = Wetland Background Concertration

for BOD, C* = 7.8 + 0.063C;
for TSS, C* = 3.5 +.053C;

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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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 fully tested in northern climates. FSC has been collecting
available data on northern wetlands and comparing the results to the Albertamodel. To apply the
Albertamode to the north it was assumed that biologica production rate is decreased by half asthe
temperature decreases from 20° to 10 °C , then again by haf as temperature decreases to 5°C.
These assumptions were compared for Repulse Bay, NU to the results obtained in Dillon’s 1998
data. Cora Harbour' s average summer temperature is 8°C.

Table 4.4 Comparison of Dillon 1998 to Alberta Model, for Repulse Bay, NU

BODs Removal TSS Removal Rate Faecal Coliform

Rate Removal Rate
Dillon 1998 90 90 100
Alberta Model 92 93 100

Asthe results are Smilar, the modd shows promise, however, there remains insufficient empirica
data to develop specific correction factors. However, we are confident that they can be applied to
indicate the future conditions at Cora Harbour.

The agorithms are applied to the Cord Harbour situation for the 20-year projection. A summary of
the results follows and the calculations are appended.

Table 4.5 Alberta Environmental Protection Guidelines 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)
10.5 378 403 100 120 58 33

Using the adapted Alberta model, the calculation of BOD and TSS effluent concentrations fal
below those outlined by the Nunavut Water Board Guidelines.

4.2.4.4 Arctic Environmental Services Report

In 1995 Arctic Environmentd Services Ltd. (AES) completed areview of the wetlandsin Cord
Harbour. Sampling was done during August and September. AES compared their data to a study
donein 1994 by Dillon Engineering at Cheterfidld Inlet. From this comparison AES determined
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that; netural systems are effective within arather short distance from the dumping source location
and an active biologica system is working, with monthly variations, during June, July, August and
September.

Another conclusion of the AES review is that dilutionis prevalent in the system at Coral Harbour.
The wetland areais 70 % ponds with depths of gpproximately 1 m and as degp as 2.3 m. Dilution
was evident by the sharp drops in readings between 150 m and al other downstream readings.

The data collected at the outlet of the wetland was used to compare to the Albertamode. The
effect of dilution is aso noticeable in the following comparison.

Table 4.6 Comparison between Arctic Environmental data and Alberta M odel

BOD TSS P TKN FC
(mg/L) (mg/L) (mg/L) (mg/L) (#/dL)
Arctic - Aug 20, Site 9 3.5 59 0.06 1.6 70
Arctic - Sept 15, Site 8 3.9 16 0.9 4.4 130
Alberta model 58 33 9 24 4.13E+05
Alberta model- background values 3.5 7.5 0.05 2 100

The AES vauesfor BOD, Phosphorous (P), Tota Nitrogen (TKN) and Feca Coliform (FC) are
gpproximately equa to the background concentrations for these contaminants in awetland
according to the Alberta mode!.

The AES results show aBOD/TSSratio of 0.06 and 0.24 respectively. In contrast the Alberta
modd suggests a BOD/TSSratio of 0.47. The AES results suggest a significant amount of
inorganic suspended solids in the wetland effluent. This further suggests flow rates and volumes that
mobilize solids within the sysem. From aregulatory point of view TSS can be ether organic or
inorganic. 1t would therefore be advantageous to reduce the inorganic TSS as much as possible.
Inorganic TSS reduction may be achieved by reducing the velocity of the flow with flow-attenuating
berms. The Volatile Suspended Solids (VSS)/TSS ratio should be monitored to determine the ratio
of inorganic and organic TSS within the system.

The flow-attenuating berms would a so reduce erosion and channelling as the hydraulic loading
increases over time.  The Situation should be assessed annudly.
4.3 DISCUSSION

The purpose of thismodelling isto determine if, based on models and accumulated empirica deta,
the current wetlands at Cora Harbour will meet the 20-year demands of the community.

Coral Harbour Sewage Treatment and Solid Waste Site
Project: 2001-1050

03/20/02
Page 23



%=l
o
o o

While the modding isinexact a thistime, we are confident in suggesting that the Alberta mode
provides the worst- case scenario.

Based on dl of the data presented above, we conclude that the wetlands at Cord Harbour will be
aufficient for the next 20 years. Therefore, a close out plan will not be required.

The wetland at Cord Harbour isanaturd system and subject to naturd variability caused by
temperature, sunlight intengity, rainfall, and thelike. Asareault, effluent quaity may vary annudly.

4.4 RECOMMENDATIONS

The following improvements should be implemented to the existing sewage disposal system:

Q

Q

Discarded barrels and other litter should be removed from the sawage ste

The drop-off area should be reconstructed with aretaining wall to avoid eroson in the
future. Theretaining wal should aso be oriented as the existing drop-off facility to dlow
the operators to discharge in three distinct directions depending on the direction of the wind

Ballards and whed stops should be ingtdled to prevent trucks from backing off of the
drop-off area

Signage should be placed not only at the discharge facility but also dong the wetland route
the effluent follows on its path to the ocean

The TSSVSSrdtio of the wetland effluent should be monitored. How-attenuating berms should be
indalled as required.

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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5. SOLID WASTE OPTIONS

5.1 OVERVIEW

The main concern with the Sewage & Solid Waste system in Cord Harbour is the dispersion of
litter due to the effects of wind. Aswell, there is a perception that the water that drains from this
area flows into the community.

There are three dternatives available to remedy the Stuation:

Do nothing;

Expand and improve the existing Solid Waste site; or
Close out exigting Solid Waste site and develop a new gte.

There is one dternative Ste that was observed to be a potentia location for a new solid waste
landfill facility. Alternatively this Ste could be utilized as alocation for a sewage disposd fadility.

5.2 SoLID WASTE DisposaL OPTIONS

There are several methods of digposa for municipa garbage that are used in the North today,
induding:

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 service life within the design period.
Garbage is disposed of in pre-determined locations, compacted and covered at more frequent
intervas than the open dump style. A separate areafor bulky and hazardous wastes is required.
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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
communitiesis combudtible. 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 agrosol cans. Thisincreasesthe lidbility of the community. It adso creates concerns due
to the potentid effects on the hedlth of workers and the public, incomplete combustion crestes air
pollution concerns, hazardous materia deposited with municipa waste could be released into the
atmosphere, etc.

It is noted that severd provinces do not dlow burning of MSW. Other provinces are planning to
ban MSW burning in the future. 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 intensive operation
that requires ahigh level of supervison and planning. The sanitary landfill has been widely accepted
as the standard disposal infrastructure type in southern locales with populations greater than 5,000.
It requires access to cheagp and extengve amounts of fill. Due to the equipment time commitment
required this option will not be discussed further.

5.2.4 INCINERATION

Essentidly, incineration is a combustion process that bresks down waste into inert, eesly
transportable materid. This process generdly provides complete combustion of the materia unlike
open burning. Thisdleviates a number of the hedth and liability concerns with incineration versus
open burning. It does not however diminate them; improperly maintained incinerators can release
persstent organic pollutants and heavy metds into the amosphere. Incineration dso virtudly
eliminates problems associated with bird control.

Incinerators in the past have been typicaly complex systems requiring ardaively high degree of
Specidization to maintain equipment in peak running conditions. High capita cogsfor the
equipment and equally high costs for replacement parts have made this option less desirable than
other smpler more cogt effective methods. Improvements have been developed that may make this
option more suitable in this type of application.

Incinerators are ided for locations in which landfills are not economical. This could be for many
reasons. lack of avalable land, lack of fill materid, etc. Thisisnot the casein Cord Harbour.
Thereis an abundance of land available that can be developed economicaly. Aswdll, the
community has avast supply of well-graded granular materid. Discussons with the hamlet foreman
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indicate that the community has the &bility to develop roadways of good qudity with limited
resources. For these reasons an incineration facility will not be consdered further in this report.

5.2.5 BALING

The City of Yéelowknife currently operates a baing facility for disposd of its municipa waste.
There are pogitive dtributes for utilizing this technology which include: reduced cover materid
thickness, longer landfill life due to increased compaction of refuse, enhanced materia recycling
costs.

Essertidly a baing sysem congsts of abaer machine located in an enclosed building with a
dumping area, typicaly a concrete floor. The garbage trucks deposit their bins on the concrete floor
and aloader pushesthe refuse into aloader bin. The baler takes the garbage and pressesit
hydraulically and ties it with wire. These baes can be stacked within the landfill.

However, these operations have considerable capital costs and associated operation and
maintenance costs. For these reasons this option will not be discussed any further in this report.
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6. POTENTIAL SOLID WASTE DISPOSAL OPTIONS

6.1 LOCATION OF SITES

Drawings indicating the location of the various proposed Sites, the overland drainage pathways and
the existing solid waste facility digposal areas are located in Appendix C.

6.2 OPTION 1: UPGRADE EXISTING SITE

Discussions with hamlet saff indicate that there are no pressing concerns with regards to the existing
dtelocation. The gSteis not within the 8 km setback requirement of the airport. The toe(s) of the
Ste are beginning to encroach on waterways that are part of the drainage pathway of the sewage
wetland.

The current area of the Site isinaufficient to meet the 20-year demand of the community, however
thereis an 8,000 n area available for expansion. With this additiona areathe solid waste site will
last until 2007. The expansion does not meet the 20-year requirements of the community but it
should 4till be considered as a short term option for solid waste management. By expanding as far
as possible on the exiging Site the capita cost of closing out the Ste and congtructing anew Ste
including aroad will be deferred.

Before implementing this option improvements to the Site need to be made. A fence should be
ingaled surrounding the entire Ste to prevent windblown litter and to keep the public from
contacting the MSW. Asthisste will only be active for another five years the cogt of ingdling a
permanent fenceis not feasible. A temporary fence, such as a snow fence, would be adequate.
Also agenerd clean up isrequired.

The ste management practices will include the modified area method on the expanded area of the
dte. The covered waste on the existing site will be the berm that the waste is compacted againg.
Please see drawing in Appendix C. Calculations were done to determine the extended lifespan of
the steif another berm was built on top of the existing waste. The increasein lifespan did not
outweigh the additional berm cogt.

Concerns have been expressed with runoff or leachate entering the wetland from the solid waste
gte. The AES wetland study addressed this concern by sampling the effluent from the solid waste
stethat entersthe wetland. The conclusion of the study determined that the solid waste Site has a
negative water quality influence on the wetland. FSC reviewed the empirica data collected by AES
and have concluded differently. The AES study viewed the wetland as a freshwater receiving body
and therefore subject to CCME Guiddines for Freshwater Aquatic Life.
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FSC bdieves the wetland should be designated as a unit process of the sewage treatment. Asaunit

process the concern would be if the vegetation within the wetland could no longer function under the

contaminant loading. Therefore FSC compared the effluent from the solid waste site to the CCME

guidelines for Irrigation. Table 6.1 shows that the average concentration of heavy metdsin the

wetland, with the exception of manganese, complies with the CCME guidelines for Irrigation,

therefore, should not have a negative effect on the plant life in the wetland.

Table6.1 CCME Guiddines and AES Data Comparison

Parameter CCME Guiddines AESAug 15, 1994
Irrigation Water (mg/L) | Average Wetland Concentration
Aluminum (total) 5 0.305
Boron (disolved) 0.5-6 0.797
Cadmium (dissolved) 0.0051 <0.001
Cobalt (dissolved) 0.05 0.013
Copper (dissolved) 0.2-1 0.018
Iron (dissolved) 5 1.592
Lithium 25 0.013
Manganese (dissolved) 0.2 0.29
Molybdenum (total) 0.1-0.05 <0.004
Nickel (dissolved) 0.2 0.012
Zinc (total) 1-5 <0.004

Fecd coliform vaues were not included in the comparison because the wetlands are not being
irrigated for animal forage.

As mentioned in the Wetland Modeling Discusson section, the wetland effluent meets the Nunavut
Water Board guiddines and is therefore sufficiently treating al influents. Cadculations were done to
determine the yearly amount of runoff associated with the solid waste Ste. The amount of runoff is
7% of the yearly sewage generation. When added into the Alberta wetland modd, the wetland is
large enough to continue treating the influents to meet the Nunavut Water Board guiddines for the
20-year design period.

A solid waste site should always be used to its maximum potentid to reduce the amount of
contaminated sites surrounding the community. Once asteis used for solid waste disposd, even
with proper close out, it may never again be suitable for human occupation. For this reason even
though expanding the solid waste Site does not meet the 20-year requirements of the community it
should 4till be implemented before a new Site is commissioned.
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6.3 SITE ONE

The other Ste in consideration isin the same generd vicinity of the existing sewage and solid waste
disposd aress. Thereisan existing road that goes further north of these facilities. Thisroad
eventudly becomes atrall for dl-terrain vehicles.

This steislocated adjacent to an areathat appears to have been used as a borrow source for a
sand-like granular materid. During the Ste visit the area appeared to be wdll drained. A large
bedrock outcrop is present in the area. The Site under consideration is the area between the existing
road and the bedrock outcrop.

Aerid photography and available mapping of the areaindicate ponding in the area. Consultation
with Hamlet staff suggests this Ste wet and boggy in the pring.  This Site will not be consdered
further.

View of SteOne
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6.4 OPTION 2: SITE TWO

Another dtein congderdion isin the same generd vicinity asSteone. The Steison the east Sde of
the bedrock outcrop. The area appearsto be the new location for granular cover materials. During
the site vist Mr. Pudlat indicated that this areawould be preferentid for development because
drainage would not be towards the community.

View of Ste Two
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6.5 OPTION 3: STE THREE

Site three has been selected based on agrid photography and existing mapping. The area covers
what gppears to have been a borrow source for the community to produce cover materia for the
exiging solid waste digposal Ste. During the Site vist it gppeared as though the community has
discontinued use of this area and has been extending its borrow area further to the north.

The mgority of the area has had the organic materid stripped to expose the underlying granular
materid. The area ds0 gppearsto bewell drained. The existing digita mapping indicates that the
mgority of the area covered by the structure’ sfootprint is not svampy.

View of Ste Three
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6.6 OPTION 4: S TE FOUR

Thisste islocated between Ste two and three. Site Four was selected because it does not
encroach on the drainage area of the wetland, avoids borrow sources and fits the natura contours
of the topography.

6.7 CLOSE OUT PLANS

Both the solid waste sSite and the bulky waste Sites need to be closed out within the next 5 years.
Firg the exigting solid waste site will be closed out, then the bulky wastes gradudly moved to the
closed out solid waste Site, and at the end of five years the expanded solid waste site will aso be
closed out.

6.7.1 EXISTING SOLID WASTE SITE

To close out the existing solid waste Site, acap of 600 mm of granular materid fill will be placed
over thedte. It would be preferable if these materid's contained a Sgnificant proportion of clay.
This 600 mm cap will alow water to drain from the Ste. The cap will dso act as a base for the new
bulky waste area. Monitoring of settlement should ensure ponding does not occur and if it does the
depressions should be filled.

6.7.2 BULKY WASTE AREAS

Currently the bulky wastes are stored at different sites surrounding the existing solid waste site and
the sawage drop off. All of the wastes should be sorted and stored in one place, the closed out
exiding solid waste ste. By moving dl the bulky wastes to the closed out solid waste Site, no new
gtes are contaminated and no new access roads will be required.

The closed out solid waste site will remain a contaminated site as defined by the CCME. Using it to
store bulky wastes provides a use for an otherwise unusable site.

Gradudly relocating the bulky waste from the many siteswill spread that cost over severd years.

Once the bulky wastes are removed from their Sites, the ground will have to be scraped clean of any
contaminated soil and that soil removed to the solid waste Ste. The removed granular materias can
then be used as cover materia for the solid waste Site.

6.7.3 EXPANDED SOLID WASTE SITE

At the end of five years when the expanded area of the existing solid waste siteisfull it will dso
need to be closed out. The site should be closed out the same way as the existing solid waste Site.

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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The ste should be capped with 600 mm of granular fill materid. If available, clay materids are
preferred. The granular material should be graded so water can runoff and not pond on the surface.
If ponding does occur the depressions should befilled.
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7. OPTIONSEVALUATION
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In order to evauate potential remediation options objectively, we have used a decision making tool
cdled aweighted factor anadlyss. This tool/method is amodification of the Kepner-Tregoe andysis.
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 congtraint will be included in the find andyss.

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

Table 7.1 Must Option 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 fail pass pass pass fail
System Must Not Impede future growth of
ithe community pass pass pass pass pass
Legend:
Process Description
Option 1 Upgrading 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, Modified Landfill & Bulky Waste, Decommission Existing Site
Option 5 Do Nothing

Coral Harbour Sewage Treatment and Solid Waste Site

Project: 2001-1050
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7.2 OPTIONSANALYSIS

If an option passes our initid screening process it will be included in our fina evauation process.
The final process consists of evauating each option on a set of objectives that has been deemed the
‘want’ criteria

The want criteriaare alist of objectives that are weighted according to their importance to the
decison to be made. Each option is then 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.

The totd score for different options can be compared to provide an indication of which option best
meets the stated objectives for anew solid waste disposa system.

The following “want” objectives have been established for this project:
1. Lowest Capitd Codt;

2. Lowest O&M Costs;

3. Lowest Net Present Vdue (NPV); and

4. Acceptable to the community.

7.2.1 SELECTING WEIGHTS

A binary choice decison mode was used to generate preliminary weighting for each objective. In
this modd, only two objectives are consdered at atime, the more important objective receiving a
"1" and the other a"0". When dl objectives are consdered the scores are summed and the results
placed in descending order. The highest-ranking objective isthen assgned a"10". Othersreceivea
lesser weight.

The following table shows the decision process.

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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Table7.2 - Binary Decision Model to Assign Weightsto Objectives
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Capital | O&M NPV | Community Distance | Total | Assigned
Cost Cost Acceptance | toAirport Weight
Capital Cost 0 1 1 0 2 9
O&M Cost 1 - 1 1 0 3 10
NPV 0 0 - 1 0 1 8
Community 0 0 0 - 0 0 7
Acceptance
7.2.2 SCORING

1. Lowest Capital Costs

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

The lowest O& M capitd cost will be scored "10". Otherswill be scored on percentage.
3. Lowest Net Present Value

The lowest Net Present Vaue will be scored "10". Otherswill be scored on percentage.
4. Locations Acceptable to the Community

L ocations to which the community would be receptive to - 10

L ocations to which the community may be receptiveto - 5

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

03/20/02
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7.2.3 RESULTS

The following table shows the results of the modified K-T Andyss

Table 7.3 Modified K-T Analysis

& kB O @ F

Option 2 Option 3 Option 4
Want Weight Score W*S Score W*S Score W*S
Lowest O&M Cost 10 9.3 92.9 10 100.0 10.0 100.0
Lowest Capital Cost 9 8.19 73.7 10.00 90.0 7.70 69.3
Lowest NPV 8 8.6 68.8 10 80.0 8.5 68.0
lAcceptable To Community 7 10 70.0 5 35.0 7.5 52.5
Total 2125 205.0 189.8
Legend:
Capital [Annual O&M NPV
Option 2: Site Two $4,204,851| $239,145 |$6,763,868
Option 3: Site Three $3,442,425| $222,063 |$5,818,653
Option 4: Site Four $4,471,565| $222,063 |$6,847,793
Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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8. CONCLUSIONSAND RECOMMENDATIONS

8.1 SUMMARY OF OPTIONS

8.1.1 Cost

Expanding and improving the existing Site and three landfilling options north of the exigting Ste were
examined. They have estimated costs of congtruction and operations as follows:

Capital |Annual O&M NPV
Option 1: Upgrading Existing Site $587,216 $45,850 $812,988
Option 2: Site Two $4,204,851( $239,145 (%$6,763,868
Option 3: Site Three $3,442,425( $222,063 |$5,818,653
Option 4: Site Four $4,471,565( $222,063 ($6,847,793

The option that was chosen by the K-T Andysisis Option 2.

The reason for the higher O&M cogt for Option 2 compared to the other new dte optionsis the
need for alonger access road.

The main item driving capital cost for Options 2-4 is the quantity of granular materid. It ispossble
that the design quantities could be reduced through further optimization of the landfill to the existing

topography.

8.2 DISCUSSION AND ANALYSIS

Even though expanding the existing Site does not meet the 20-year requirements of the community, it
should be implemented. The capita cost for a new Ste can be deferred another five years and the
current Ste will be used to its potentid.

Sites two, three and four overlap each other and cover an area of approximately 8.3 ha. This
combined area could meet the demands of the community for the next 40 to 50 years. Sitesthree
and four have the shortest accessroads. Site three should be developed first and then the solid
waste ste could then expand from ste three to Stes four and two. Once Ste threeis covered with
granular materid, the solid waste underneath will have the advantage of being further packed by

heavy mechinery.

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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8.3 RECOMMENDATION

8.3.1 SOLID WASTE DIsSPOSAL

1

2)

3)

4)

5)

6)

It is recommended that Option 1 — Upgrading the Existing Site be implemented.  Option 1
maximizes the existing Ste and defers mgor capita spending another 5 years.

In 2007 it is recommended that Option 3 - Site Three be commissoned asthefirg site of
the new stesfor the solid wagte facility.

Currently, garbage is strewn across the wetland waterways. Thisis not acceptable. With
improvements to the Ste including fencing and better waste management operations
windblown litter problems should be diminated.

All options include that the many bulky waste areas be closed out and moved to the closed
out Site.

Oversized and bulky wastes should not be disposed with the MSW.

If possible, metd waste should be shipped out in conjunction with sedift deivery.

8.3.2 SEWAGE DISPOSAL

The following improvements should be implemented to the existing sewage digoosa system.

1

2)

3)

4)

5

Discarded barrels and other litter should be removed from the sewage sSite.

To avoid erosion, the drop-off area should be reconstructed with aretaining wal. The
retaining wall should aso be oriented to allow operators to discharge in three distinct
directions depending on the direction of the wind.

Bollards and whedl stops should be ingtalled to prevent trucks from backing off of the drop-
off area.

Signage should be placed not only at the discharge facility but also aong the wetland route
the effluent follows on its path to the ocean.

The TSSVSSrdtio of the wetland effluent should be monitored. How-attenuating berms
should be ingtalled as required.

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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Appendix A

Wetlands Calculations
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Daily Hydraulic Load, Coral Harbour

Daily sewage generation (m3/d)

Duration of pond storage (months)

Melt period (months)

After melt period and before freeze (months)
Rainfall during melt period(mm)

Rainfall after melt period (mm)

Size of wetland (ha)

Pond Storage (m3)

Ice pack melt (m3/day)

Rainfall rate over wetland during melt (m3/d)
Rainfall rate over wetland after melt (m3/d)
Total daily hydraulic load during melt (m3/d)

Total daily hydraulic load after melt (m3/d)

168

121

73

10.5

40332.88

672.2147

212

128

1052

296

* for this project, wetland is natural and area shown is the actual area reduced by 50%

Heinke requires 100 -200 (m3/d/ha)
Total hydraulic load during melt per ha

Total hydraulic load after melt per ha

100(m3/d/ha)

28(m3/d/ha)
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Contaminant Load, Coral Harbour

Total hydraulic load during melt (m3/d) 1052
Total hydraulic load after melt (m3/d) 296
Rainfall rate over wetland during melt (m3/d) 211.8
Rainfall rate over wetland after melt (m3/d) 127.8
BOD concentration (mg/L) 378
TSS concentration (mg/L) 403
T-PO4 concentration (mg/L) 19
TKN concentraion (mg/L) 101
FC concentration (#/dl) 7.97E+07
Size of wetland (hydraulic loading calculation, ha) 10.5

Contaminant load during melt (kg/d)

BOD contaminant load (kg/d) 317.3
TSS contaminant load (kg/d) 3384
T-PO4 contaminant load (kg/d) 16.2
TKN contaminant load (kg/d) 84.6
FC contaminant load (#/d) 6.7E+07

Contaminant load after melt

BOD contaminant load (kg/d) 63.5
TSS contaminant load (kg/d) 67.7
T-PO4 contaminant load (kg/d) 3.2
TKN contaminant load (kg/d) 16.9
FC contaminant load (#/d) 1.34E+07

Heinke's recommendation 8 kg/d/ha for BOD

30.21

32.23

1.54

8.06

6.38E+06

6.04

6.45

0.31

1.61

1.28E+06

Coral Harbour Sewage Treatment and Solid Waste Site
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Alberta Environment Wetlands Calculations

Surface Flow Wetland Treatment

Design Flow m3/d Q=

TSS BOD TP N NH4-N  FC
Wastewater Characterization Ci | 403 378 19 101] 80| 7.97E+07|
Target Effluent Quality Ce | 12q 100 2 4 2 10000
Wetland Background Input C*= | 33.17194 23.5106| 0.05 2 0 100

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

Area Rate Constant @200C k = 100C 34 12 22 18 77
Required Wetland Area A= | 00§ 1.731] 7.326] 6.805 7.869  4.485|
Models A= 0.0365%Q * n Ci-C Available Area
k Ce - C*

Projected Effluent Quality Co | 3317 2354 077 224  0.581.00E+02|

Co=C*+[Ci-C*exp - kAmax

0.0365*Q

Overall % removal | 91.763 | 93.764 | 95.993 | 97.774 | 99.272 | 100.000
Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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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 ™ NH4-N  FC
Wastewater Characterization Ci | 402.72d 377.558] 19.2974] 100.682 80| 7.97E+07|
Target Effluent Quality mg/I Ce | 12d 100| 2| 4| 2| 10000|
Wetland Background Input C*= | 331719 235106)  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= | 011 3.461 14.653 13.61 15.739  8.970)
Models A= 0.0365*Q * In Ci-C* Available Area
k Ce-C*
Projected Effluent Quality Co | 3317 26900 378 6587  6.832.23E+03
Co=C*+[Ci-C*exp - kKAmax
0.0365*Q
Overall % removal | 91763 | 92.875 | 80.406 | 93.172 | 91.465 | 99.997
Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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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=
TSS BOD ™ NH4-N FC
Wastewater Characterization Ci | 402.72d 377.558] 19.2974] 100.682 80| 7.97E+07|
Target Effluent Quality mg/l Ce | 12d 100| 2| 4| 2| 10000|
Wetland Background Input C*= | 331719 235106)  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 5.5 4.5 19.25
Required Wetland Area, ha A= | 024 6922 29305 27.219 31477 17.94Q
Models A= 0.0365*Q * In Ci-C* Available Area
k Ce-C*
Projected Effluent Quality Co | 3317 5815 852 2393  23.37/4.13E+05|
Co=C*+[Ci-C*exp - kKAmax
0.0365*Q
Overall % removal | 91.763 84.597 | 55.827 | 76.230 | 70.786 | 99.482
Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02

Project: 2001-1050



Appendix B

Cost Calculations
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Option 1 Upgrading existing site

Capital Component Unit Cost | Unit | Quantity [Extension Y ear i =8%

Upgrade site 1 1 $45,85(

Temporary Fencing $25 lin.m. 317 $7,925 2 0.8573389 $39,309

Clean-up $5,000 lump 1 $5,000 3 0.8573389 $39,309

IAdditional berms $35 cum | 3,071 $107,485 4 0.7938322 $36,397

5 0.7350299 $33,701

Close out solid waste 6 0.6805832 $31,205

Cover required $35 cum.| 4,342 $151,970 |Sum Annual Costs $225,772
Capital Cost $673,204

Close-out Bulky Waste Area Net Present Value $898,976

Move bulky waste $50,000 | lump 1 $50,000

Scraping,moving and replacing granular $70 cu.m. 2,264 $158,480

Subtotal $480,860

Engineering & Contingency @ 40% $192,344

Total $673,204

O&M Component Unit Cost | Unit | Quantity [Extension

Temporary Fencing Repair $25.00 lin.m. 64 $1,600

\Waste Compaction $30,000.00 | lump 1 $30,000

IAccess Road Clearing & Maintenance $219.00 |[lin.m. 0 $0

Cover material $50.00 cu.m. 285 $14,250

Total $45,850

Close-out cover is for existing solid waste site

Bulky Waste Sites, New Abandoned Vehicle, Existing abandoned vehicle, Tires and Appliances will all be closed out

and relocated to the existing solid waste site. This can be done gradually over the next five years.

Oo&M

Some cover material will come from spills and stains scraped from bulky waste sites.

Cover material in O&M component consists of extra granular needed.

Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02
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Option 2 Site Two

Capital Component Unit Cost | Unit Quantity  [Extension Y ear i =8%
Earthworks 1 jl $239,145
Berm 2 0.9259259 $221,431
Granular Fill $50 cu.m. 53710 $2,685,50( 3 0.8573388 $205,028
Fencing $150 lin.m. 748 $112,20( 4 0.7938322 $189,841
Turnaround $50 cu.m. 1,000 $50,000 5 0.7350299 $175,779
6 0.6805832 $162,758
Close-out Solid Waste Area 5 0.6301694 $150,702
Cover required $35 cu.m. 3,735 $130,725 8 0.6805832 $162,758
9 0.5402689 $129,203
New Access Road $80.00 lin.m. 293 $23,440 10 0.500249 $119,632
Culvert $200.00 lin.m. 8 $1,60( 11 0.4631935 $110,770
Subtotal $3,003,465 12 0.4288829 $102,565
Engineering & Contingency @ 40% $1,201,384 13 0.3971134 $94,968
Total $4,204,851 14 0.3676979 $87,933
15 0.340461 $81,420
O&M Component Unit Cost | Unit Quantity  |[Extension 16 0.3152417 $75,388
Fencing Repair $40.00 lin.m. 748 $29,920 17 0.2918905 $69,804
Berm Maintenance $100.00 | lin.m. 748 $74,800 18 0.270269 $64,633
\Waste Compaction $30,000.00 | lump 1 $30,000 19 0.250249 $59,846
IAccess Road Clearing &
Maintenance $219.00 lin.m. 325 $71,175 20 0.2317121 $55,413
Sum Annual
Cover material $50.00 | cu.m. 665 $33,2590 |[Costs $2,559,017,
Total $239,145 |Capita Cost $4,204,851
Net Present Value $6,763,868

Construct berm 185x185, depth of 2.5m from floor of enclosure
New access road average fill = 0.6m meter.
Close out of Expanded Solid Waste Area with 600 mm of fill. Bulky waste site can then be expanded to this site.

Coral Harbour Sewage Treatment and Solid Waste Site

Project: 2001-1050
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Option 3 Site Three
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Capital Component Unit Cost | Unit | Quantity |[Extension Y ear i =8%
Earthworks 1 1 $222,063
Berm 2 0.9259259 $205,614
Granular Fill $50 cu.m.| 42943 $2,147,150 3 0.8573389 $190,383
Fencing $150 lin.m. 748 $112,200 4 0.7938322 $176,281
Turnaround $50 cu.m.| 1,000 $50,000 5 0.7350299 $163,223
6 0.6805832 $151,132
Close-out Solid Waste Area 5 0.6301696 $139,937
Cover required $35 cum.| 3,735 $130,725 8 0.6805832 $151,132
9 0.5402689 $119,974
10 0.500249 $111,087
1 0.4631935 $102,858
New Access Road $80.00 lin.m. 215 $17,200 12 0.4288829 $95,239
Culvert $200.00 [lin.m. 8 $1,600 13 0.3971139 $88,184
Subtotal $2,458,875 14 0.3676979 $81,652
Engineering & Contingency @ 40% $983,550 15 0.340461 $75,604
Total $3,442,425 16 0.3152417 $70,004
17 0.2918905 $64,818
O&M Component Unit Cost | Unit | Quantity |[Extension 18 0.270269 $60,017
Fencing Repair $40.00 lin.m. 748 $29,920 19 0.250249 $55,571
Berm Maintenance $100.00 |lin.m. 748 $74,800 20 0.2317121 $51,455
\Waste Compaction $30,000.00 | lump 1 $30,000 |Sum Annua Costs $2,376,228
IAccess Road Clearing & Maintenance $219.00 |lin.m. 247 $54,093 [Capital Cost $3,442,425
Net Present
Cover material $50.00 |cu.m. 665 $33,250 [Vaue $5,818,653
Total $222,063
Construct berm 185x185, depth of 2.5m from floor of enclosure
New access road average fill = 0.6m meter.
Close out of Expanded Solid Waste Area with 600 mm of fill. Bulky waste site can then be expanded to this site.
Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02

Project: 2001-1050



Option 4 Site Four
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Capital Component Unit Cost | Unit | Quantity [Extension Y ear i =8%
Earthworks 1 1 $222,063
Berm 2 0.9259259 $205,614
Granular Fill $50 cu.m.| 57645 $2,882,25( 3 0.8573388 $190,3843
Fencing $150 lin.m. 748 $112,200¢ 4 0.7938322 $176,281
Turnaround $50 cu.m. 1,000 $50,000 5 0.7350299 $163,22
6 0.6805832 $151,137
Close-out Solid Waste Area 5 0.6301696 $139,937
Cover required $35 cu.m. 3,735 $130,725 8 0.6805832 $151,132
9 0.5402689 $119,974
10 0.500249 $111,087
11 0.4631935 $102,854
New Access Road $80.00 lin.m. 215 $17,200 12 0.4288829 $95,239
Culvert $200.00 lin.m. 8 $1,600C 13 0.3971138 $88,184
Subtotal $3,193,975 14 0.3676979 $81,652
Engineering & Contingency @ 40% $1,277,590 15 0.340461 $75,604
Total $4,471,565 16 0.3152417 $70,004
17 0.2918905 $64,818
18 0.270269 $60,017
O&M Component Unit Cost | Unit | Quantity [Extension 19 0.250249 $55,571
Fencing Repair $40.00 lin.m. 748 $29,920 20 0.2317121 $51,455
Berm Maintenance $100.00 lin.m. 748 $74,800 |Sum Annua Costs $2,376,229
\Waste Compaction $30,000.00 | lump 1 $30,000 |Capital Cost $4,471,565
IAccess Road Clearing & Maintenance $219.00 | lin.m. 247 $54,093 [Net Present Value $6,847,793
Cover material $50.00 cu.m. 665 $33,250
Total $222,063
Construct berm 185x185, depth of 2.5m from floor of enclosure
New access road average fill = 0.6m meter.
Close out of Expanded Solid Waste Area with 600 mm of fill. Bulky waste site can then be expanded to this site.
Coral Harbour Sewage Treatment and Solid Waste Site 03/20/02

Project: 2001-1050



Appendix C

Site Drawings

Coral Harbour Sewage Treatment and Solid Waste Site
Project: 2001-1050
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Appendix D

Coral Harbour Climate Normals

Coral Harbour Sewage Treatment and Solid Waste Site
Project: 2001-1050
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Canadian Climate Normals Page 1 of 3

Bl Enigrmen Epyippnemen Canada

L THER

Canadian Climate Normals

Meteorological Service of Canada

Climate & Water
Home

CORAL HARBOUR A, Northwest Territories
64°12'-N 83°12'-W

64 m

1933 to 1990

C anadian Climate
Hormals

Climate Station

Catalogue _
Normals from |January  ¥| g |Year E M

egional Contacts January-June January-December July-December
Data Archives Jan | Feb | mar | Apr | may | oun | Jut | Aug | sep | oct | Nov | Dec | vear
Temperature
BYagucts & Daily Maximum
Services (OC)V 255 |-254 |-211 |-115 |29 |56 135 [|112 |4 41 |-129 |-215 |76
Hydat CD-ROM (Dogi)'y Minimum | 337|338 |31 |226 |114 |13 |43 |3 22 |09 |217 [206 [-159
TR Daily Mean (C) [-295 |-295 |-26 17 |71 |22 8.9 7.1 09 |74 |172 |-255 |-117
Precipitation Extreme i} i
Maximum (°C) |06 11 |o 5 94 233 |25 261 |206 |76 |11 1.1
D"]-:‘n":g :;15 Date 959/18+ |947/06] 980/23+ | 975/30|974/28]| 973/30] 964/11+ | 948/07 |953/12)977/01]969/13+ |976/28
Extreme 528 |514 |-494 [304 |-311 156 |11 |33  |-17.2 |-344 |-406 [-489
g Minimum (°C)
m—
F—— — == |Date 975/17 |990/15|964/08 |957/01|974/02]|972/07|972/03+ | 976/30+ |974/30) 965/31]972/29+ |934/30
e —— "-';;_;_' Degree-Days
=" |Apove18°C |0 0 0 0 0 0 0 0 0 0 0 0 0
i Below 18°C  |1476.2 [1344.9|1364.7 |1052.5|780.8 |475.7 |282.5 |334.8 |513.4 |791.1 |1060.1 [1351.3|10828
Above 5 °C 0 0 0 0 0 17 |1233 |759 |53 o 0 0 222
Below 0 °C 918.2 |836.7 |806.7 |512.5 |2245 185 o 0 333 |235.3 |520.1 |793.3 ]4899
- i Precipitation
Rainfall (mm) |0 0 0.2 0 2.1 189 428 501 258 |11.7 |os 0 152.2
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Canadian Climate Normals Page 2 of 3

Snowfall (cm) |7.7 8.7 12 16.6 136 |8.1 0 0.8 10.1 259 |19.9 115 |135.1

Precipitation
(mm)
Extreme Daily
Rainfall (mm)
Date 956/10 |965/23]968/30 |948/25]950/23]978/17]968/03 |985/07 |934/11]973/10]985/02 |967/19

Extreme Daily
Snowfall (cm)

7.5 8.2 11.9 156 |155 |27 42.9 50.9 36.2 [364 |19.6 108 |282.5

0.3 1 2.5 229 127 |33.1 |43.2 58.8 381 |1278 |7.8 0.5

9.8 13.7 124 203 226 232 |51 8.6 218 249 |134 9.4

Extreme Daily

Precipitation 8.6 13 12.4 24.6 22.6 33.1 43.2 58.8 38.1 127.8 |14 9.4
(mm)

Date 977/23 |968/03]968/28 |948/25]955/11)978/17{968/03 [985/07 |934/11]973/10}985/02 |986/26
Month-end

Snow Cover 36 40 45 44 29 1 0 0 3 16 29 34

(cm)

Days With

Maximum

Temperature 0 0 0 * 8 27 31 31 25 7 * * 130
>0°C

Measurable |, * * 5 1 5 1 1 7 3 * * 38
Rainfall

Measurable |5 7 7 8 8 3 * * 5 1 | 9 77
Snowfall

Measurable |/ 7 7 8 9 8 11 11 10 |12 |u 8 110
Precipitation

Freezing * * * 1 2 1 0 * * 3 1 * 11
Precipitation

Fog 2 3 2 2 5 5 5 6 6 6 3 3 47
Thunderstorms|0 0 0 0 0 * * * 0 0 0 0 *
Sunshine (Hrs) |43.2 106.8 |186.6 |264.1 |268.3 |271.4 |286.8 |222.3 |112.3 |83.8 [N 232 |N
Station

100.30 }100.52]100.84 |101.11}100.89]100.48{100.19 |100.18 }|100.30{100.24]100.33 |100.46|100.49
Pressure (kPa)

Moisture

Vapour N N N 0.15 |0.34 059 |0.88 0.82 056 |0.34 [0.17 N N
Pressure (kPa)

Rel. Humidity -

0600L (%) 68 N 68 74 83 86 85 89 88 85 78 72

Rel. Humidity - g 67 |69 72 lso | |es 70 6 |3 |77 7

1500L (%)
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Wind

Speed (km/h) |20 19 |18 19 19 19 17 19 20 |22 23 20 |20
Most Frequent

Diraction N N N N N N N N YA [NV N N N
Extreme

Hourly Speed 109 135 |87 93 87 78 |87 97 145 |90 100 109
(km/h)

Direction N NE  [NW E N NE [N NE NE |NW  [Nw NE
Extreme Gust |/, 130 |109 %4 97 109 |106 106 106|111 [124 130
Speed (km/h)

Direction

(km/h) NE N NE N N NE [N N NE [NE N NE
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