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Table 4.2 Effort and results of seine netting efforts in P Lake on Angust 11, 2003

Haul # Date Eengeh of haul {m) Number of fish captured
SH Alg b I3 0
SH 2 Aug 1t i3 )
SH 3 Aug 11 20 T
SH 4 Aug 1l iy 0
SH S Aug 11 0 0
SHo Aug 1] 10 &
SH 7 Aug 11 1 24 ' 0
Total O fish

4213  Snorkel survey

Table 4.3 presents the results of the snorkel surveys conducted in P Lake. An estimated area of 1380 m?,
and the complete diversity of habitat types, were examined during the snorkel surveys. This area
represented approximately 10.6% of the total area of the lake. It should also be noted that although the
snorkel survey concentrated on 1.5 m width on cither side of the snorkeller, visibility ofien extended
beyond this width (e.g.,, 3+ m). No fish were observed during any of the transects completed.

Table 4.3 Effort and results of snorkel surveys in P Lake during Angust 11, 2005,

Transect # Pate Length of Width of Area sampled by individual | Number of fish
transect {m) transect {m) transects (m?) observed

T1 Aug 11 50 30 150 &

T2 Agg 7 3.0 210 0

T3 Aug 11 75 3.0 225 {3

T4 Aug 1} 85 30 255 0

T3 Aug 11 a0 39 180 &

""" T6 Avg 1T 120 1.0 360 0
Total 1386 0

4214 Visual observations
Although efforts were made to observe and record any fish that may have been made during visual bank
observations, no fish were observed during the bank surveys. No attempt was made to document the level

of effort expended during the bank surveys.

4.2.2 Habitat and Water Quality Survey of P Lake and Qutlet

4.2.2.1  Habitat

Substrates n P Lake were composed primarily of boulders and fractured rock (Figure G). Any cover

which conld be uulized by fish would have been provided primarily by depth, farge boulders and

fractured rock, Substrates at maximum depths were primarily composed of sands and fines. The north

shoreline substrate was predominately fractured rock, some greater than 1-2 m diameter, {Photo 1), while

[
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the south shoreline substrate was a mixture of grave! with areas of sand and fines (Photo 2). Al other
sherelines consisted of rock.

No aguatic vegetation was observed in P Lake and only smail amounts of algae were observed on the
substrate.  Caddistly (trichopterids) and freshwater crustaceans {amphipods) were also observed in

P lake.

Outlet and Inlet of P Lake

The outlet of P Lake is characterized a small channel that drains into a small wetland area. From the
wetland area, it drains through a small channel and over a large cliff forming a waterfall (Photo 3).
Below the waterfall the outlet stream was intermittent as flow was subsurface and at times lacked a
defined channel. Intermittent surface flow also continued downstream and is apparent where the channel
passes through grassy/mossy area. Mean width and depth of the reaches where a defined channel
occurred were approximately 0.1, and 0.05 m, respectively) (Photo 4). Below the grassy/mossy area, the
stream again goes sub-surface and lacks a defined channel once the outlet reaches boulder cobble
shoreline (Photo 5). Figure G provides a map of the shoreline and distribution of substrates in P Lake
and the outlet into Telik Inlet.

The outlet stream does not provide fish aceess to P Lake from the ocean due to the large cliff and Jack of a
defined channel at several focations, Limited summer flows and conditions also suggest that the outlet

stream would freeze to the bottom in winter.

The inlet stream into P Lake is best described as having a no or limited definition channel, and if fish
were present m the lake, it is highly unlikely the inlet area would provide fish habitai. It would also be

expected to freeze to the bottom in winter.

"The mean depth and wetted widths for both the inlet and outlet streams where defined channels existed

were both approximately 0.1 m, and 0.2 m, respectively.

Marine Environment
Substrates in the small bay in Telik Inlet where the P Lake outlet stream eventually drains were

dominated by very clean cobble and boulders. Some algae was observed, but in lmited quantities,
Benthos were not sampled due to high tide conditions, time limitations, and the coarseness of the

substrate,

4222 Water quality
Water quality measurements collected from P Lake with the hand-held ¥YSI units are provided in Table

4.4, Some ol the above readings, however, were unexpected (e.g., pH = 101 exceeds the CREM

guidelines for aquatic life of 9.0}, so the units were re-calibrated after being retumed 1o Dillon’s

ted that the sensor units had been damaged in

Yellowknile office. The results of the recalibrations sugge

transport to Cape Dorset, and therefore. equipment malfunction is suspected and the above results

collected durimg the present field trip should not be considered reliable,
fas I
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Table 4.4 Water quality measurements collected from P Lake on August 11, 2005

Parameter measured Measarement and units
Dissoived oxveen 306 mypd
pH L0t
Conductivity 42 microsiemens
Salinity 0.0 npe
; Temperature 19.2°%

Other water samples were collected, but were not analyzed because unexpected delays in transit were

encountered which exceeded the amount of time which would provide reliable analysis for some

parameters {e.g., fecal coliforms).
4.3 Conclusions of Fisheries Investigations

Based on the resuits of the 20035 fisheries investigations, the absence of historical reports documenting
fish presence in P Lake, and the presence of impassible barriers that prevent fish movement between P
Lake and other fish-bearing waters, it can be concluded that P Lake is barren of fish. The intermittent
flow conditions and waterfalls over the cliff indicate that fish passage into P Lake from the marine

environment is impossibie,

Given that the P Lake svstem is barren of fish, there is no reason to suggest that converting P Lake into an
output lagoon is likely to cause a Harmful Alteration, Disruption or Destruction of fish habitat (HADD).
If a HADD is unlikely, a Federal Fisheries Act Authorization for a HADD will not be required,
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3 LAGOON CONSTRUCTION

The P Lake area provides sufficient land to develop an annual retention lagoon, and also vse PP Lake as a
secondary short retention lagoon. The wetlands down gradient of P Lake, which are indigenous 1o the

area, will provide some nutrient and total suspended solids {TSS) removal as well.

As lustrated by aenal pholographs and noted topographic maps, the area east of P Lake is situated in a

geographic low pomt, making the area ideal for construction of a bermed lagoon (Figures E and H).
The level of ireatment obtained from each stage of the system is discussed in Section 6.

5.1 E.agoon Configuration

The annual retention lagoon will be constructed using the natural topography of the area.  Plug flow
conditions will prevail and are important during the time of annual discharge in order to prevent short
circuiting, or raw sewage by-passing treatment and directly discharging to P Lake. The lagoon will be

constructed to faciitate anaerobic sewage treatment using the following characteristics:

* 3.5 m liquid operating depth

* 0.5 m of allowance on the lagoon bottom for studge accumulation

The size of the fagoon was defermined to accommodate the above design parameters and the predicted
volume of sewape generated in 2026 (96 100 m’). The parameters of the lagoon are illustrated in

Drawing 101,

The development of the earth work quantities was completed based on a site specific survev and using

three dimensional modeling of the landforms and final design.
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5.2 Berm Construction

A site specific geotechmeal study was completed, which is submitted in Appendix G. Based on the

geotechnical report, the lagoon will have;

=
[anvs

m freeboard

w3

* 3.5 meter operating depth
3.5 meter dead area (sludge retention) at the base of the lagoon.

-
=
-

*  Total berm height will be 5 meters.

The bermi construction will include:

* 4m wide at top to facilitate construction;

* Inside to have a 2.5:1 (H:V) slope;

= Outside to be 2.5:1 {H:V) slope;

* The berms to have nprap protection over the inside slope in arcas subject fo ice and wave action.

*  Where fine grained material is used in the berm construction, the material will be protected
against wind erosion with a layer of 50 mm minus gravel;

*  Emergency spitfways are to be provided to prevent overtopping of the benm. The spill way to be
protecied from erosion with riprap or a half culvert pipe; and

*  Animpermeable liner placed vertically on the berm and anchored 2.0 m into the sub-base.

*  The berm will be constructed with a Bentomat® liner placed near vertical on the inside of the
berm.  The lmer will be keyed into the base to a depth of 2.0 meters. Bentomat is a high
performance environmental liner manufactured with durable high-strength geotexiiles and a
uniform layer of low-permeability sodium bentonite. Bentomat has a long lasting resistance to
physical or chemical break-down in harsh environments. The bentonite’s high swelling capacity
and low permeability provide an effective hydraulic seal. Because of their unique self-healing
sodaum bentonite base, liners resist cracking that typically occurs in compacted clay liners
subjected to repeated freeze/thaw conditions,

*  The liner will be installed vertically in the berm only. Neo liner will be used in the fagoon base.
The field investigation, followed by the thermal analysis complete by AMEC indicates that the
lagoon base 1s competent. Freeze back will occur into the berm, and the base of the lagoon will
remain impermeable due 1o permalrost conditions. Therefore AMEC does not recommend the

use of a iner on the base of the lagoon.

The types of material 10 be used in the berm construction are described in section 4.6.

3.3 Truck Pad and Turn-Around

The truck terning access pad will need to be constructed at the top of the lagoon berm to allow for gravity

discharge from the tuck to the lagoon.  The siting of the pad must provide for a cost effec

Ty

construction, and aiso provide for a safe operation for the truck drivers in all climatic conditions.  The

rruck pad will have the following elements;
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o A mmimum tning radug of 15 merers,

o Bollards along the edge of the lagoon to provide for drrver safoty,

*  Stop iogs at the discharge focation to give the truck driver a physical point to stop the truck,
e Delineators along the edge of the truck pad to indicate the edge of the embankment in winter

conditions,
*  The side slopes of the truck pad will be protected agamst erosion with a layer of granular material.
‘The erosion protection will have a mimimum gradation of a 50mm nunus material. Courser material

mavbe i economically available.

The truck turs around pad requires a radius of 15 m if a standard sewage truck is to be used. Should the
owner feel that the use of larger trucks (B-Trainsy are to be used, then a larger turning radius is required,

&

The side slopes of the turn around pad are to be 3:1 (H: V).

5.4 Sewage Discharge Flume

Sewage will be disposed from sewage trucks into the lagoon though a free fall discharge pipe.  With
respect Lo trucked sewage, free fall discharges are simple m design and operation and easy to access and

maintain. The discharge will be constructed with the following specifications:

*  2- 800mm nestable half culverts

30% slope

*  (SP supported by PTW embedded into the embankment

* Rip rap will be placed on the mierior slope of the lagoon berm along the length of the discharge
tlume, and to the base of the lagoon to prevernt erosion.

*  Bollards will be in place to prevent the sewage truck from damaging the flume

*  Wheel stops will be placed in front of flume.

Drawing 101 shows a layout of the truck pad and discharge flume area. Details of the design elements of
the truck pad and discharge flume are shown in Drawing 109,

5.5 Lagoon Discharge Structure

The effluent from the lagoon wiil be discharged to Lake P through discharge system. Several options are

possibie. Methods used at other locations m Nupavut include;

= A siphon {used v Qikigtarjuag)
s A gas or diesel fired pump

e A pravity discharge and valve

The goals and objectives of the project are to provide a system with low operating costs and to simplify

the operational elements. For these reasons the use of a pumped system is not recommended.
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1
H

FThe use of a siphon works well once the lagoon is operating at design capacity. When 1t s operating &
the ecarly years the siphon system has proven problematic.  Often the siphon requires priming with a

ent. For these reasons the use of a siphon system is nof recommended

vacuum pump at each discharge ey

The recommended system s the use of a gravity discharge line with a valve located in a manhole within
the berm. This is a common system installed throughout Nunavut, most recently in Pond Inlet. Design

components of the system include:

* An intake structure to raise the inlet of the pipe sbove the sludge deposition level. This is a 90
degree bend located at the inlet of the pipe,

e A steel pipe through the lagoon bern

* Anaccess vault located within the berm. The manhole is lecated in the berm crest fo facilitate
aceess to the top of the manhole.

*  Avalve installed in the Manhole on the discharge pipe.

* A pipe out fall and discharge channel. The outfall area has riprap protection (o prevent erosion

and to dissipate the energy of the discharge.

Drawings 111 and 112 illustrate the plan and section of the proposed effluent discharge system,

5.6 Berm and Road Material

5.0.1 Berm

The design intent for the lagoon is an annual retention cell. The berms are to be constructed 1o provide
low permeability to the sewage. The geotechnical investigation mdicted that there is sufficient gquaniity of
material that is suitable for use in the berm construction. Based on the geotechnical report (appended) the

following will be used for the construction of the berm walls;

*  Construction of the berm walls using a berm core of fine grained (low permesbility y material,
The outer faces of the berms would have coarser grained material 1o prevent erosion on the inside
of the walls to protect the berms from wave and ice erosion.

*  The berm wall will have a near vertical liner to increase the berms impermeability. The liner will

extend from 2.0 m below the base of the lagoon and extend to the top of the berm.

3.6.2 Road

The cost estimate for the road alignment and profile are based on the information provided by a sife

k = i
survey completed by sub Arctic Surveyors m August 2005, In order to access the lagoon location & steep

rock face must be traversed. Access would be partially provided along an existing road but a new road
950 m in length and with an elevation change of approximately 56 m would need to be constructed. The

plan and profile are shown in Drawings 102-108. The profile consists of itterpreted data from existing

confour mapping, survey data and digital mapping.

3
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The road will be developed based on the followinge standards;

«  The road width will be 8.0 meters. This will allow two trucks 1o pass safely.

* The maximem grade will be 8%, Where possible the road grade will be mamtained below 6%.

*  Guard ratls will be provided on curves and areas of steep embankment.

* Curves will be a minimum of 25 meters to provide for road safety is adverse climatic conditions,

*  Road side delineators will be install to assist in snow clearing

*  Side slope of the road will be governed by the stability of the granular material used for the road
construction. Geotechnical recommendation will be used to determine the minimum side siope.

For safety reasons, a minimum slope of 2:1 will also govern.

The access road to the lagoon will be constructed to the following standards:
» Transportation Association of Canada (TAC): Geometric Design Guide for Canadian Roads,
Section 3.1.6: Traftic Barriers (1999)
* Uniform Traffic Control Devices for Canada, Third Edition. Part C, Division 2: Hazard and
Delineation Markings (1994)
* AASHTO, Roadside Design Guide, 1989

563 Granular Supply

~ . 3 a . . . .
Cape Dorset has approximately 30,000 m” of available granular material. A blast and crush operation will
likely be required as part of the road and lagoon construction. We have had several discussions with the
comimunity representatives, and with the local contractor Fred Schell. Based on these conversations it is

understood that;

+ The Hamlet owns a crusher

* The contractor owns an air track drill rig

s The contractor has previously been given a quarry permil for sufficient resources 1o complete the
proposed works. The permit had a 1 year expiry date, and has since expired.

*  There arc other contractors (Canadnill) who would be willing to provide services to develop a

granular resource for this project.

Based on the above discussions, the development of the granular resources to complete the proposed
works 1s possible and there 1s little risk to the owner associated with the development of the resource.
The costs estimates o develop the resource and supply and place the granular material are based on
$100/m” for rock excavation and $40/m” for il Since most of the material will be obtained from a blast

arxd crush operation, there s little cost savings when using on site cut {blast) material for fill material.
W have used o 30% expansion factor for on site cut when applied to GilL

The cost estimates for granular supply are sunumnarized below,
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Tabie 5.1: Cost Estimates

| Item Quantity (m") Unit Cost | Total Cost
Access Road Cut 6,200 SH00 5620,000
Access Road Fill {from 8,100 S20 $16.200
cut}
Access Road Fili 21,700 $40 5868,000
{borrow)
Lagoon Berms Cut 0 5100 0
Lagoon Fill (from cut) 0 320 0
Lagoon Fill {borrow) 25,200 340 $1.600,000
Total 52,560,000

All estimated costs have an associated accuracy of + 20,

As part of the geotechnical study, five granular sources were ilentified. All of these sources are found
within the municipal boundary for the community. Granular resources developed within the municipal
boundary, and that are used for municipal purposes are exempt from the Nunavut Environmental Impact

Review process.
The identified granufar sources contain high levels of fines. All sources will require processing

(screening) to obtain granular material for the construction of the lagoon berms.

S.6.4 Culvert Design

As illustrated in Drawings 102-104, the construction of the road from the Hamlet to the proposed lagoon
site will require the construction of several culverts. To determine the design parameters for the
construction of the culverts, the peak water flow through the calvert was determined.

3640 Method of Flood Estimation based on Rainfuil Data
The rational method was used to estimate the peak flow for the culvert design. This method generally

produces reliable results for small watersheds where the input parameters can be properly quantified. The

equation used is:

0=21 3}
360
Whaere,
O = the desion flow inm'/s
R = a co-gfficient that estimates the fraction of rainfall that runs off (the rest is assumed 1o sink into

the groumd or get stored in depressions and not appear at the point of coneemiration {POC) until

after the peak flow has passed)
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I = the average ramnfall mtensity (derived from a regional 1IDF curve for a 10 vear retum period)

durtng the ume of concentration (T} {Appendix H)

=

T, = the time that it takes water to flow from the highest point in the watershed to the pomnt of
miterest. T 15 elso knows as the "response time” of the basin (Appendix H)
A = watershed area in hectares {Determined by Catelunent Areza Drawing in Appendix H).

For the Cape Dorser region, a set of Intensity-Duration Frequency (IDF) curves was available from
Environment Canada (Appendix H). The data used to create the IDF curves was collecied af the Cape

Dorset Airport.

Practical difficuities are inherent when estimating desien floods based on rainfall data. It is difficult to
estimate T, the fime of concentration, R the fraction of the rainfall that runs off (rather than sinking into
the ground} and I, the "design” rainfall intensity. For this reason, a factor of safety of 10% has been
added to the design flow in addition to the following values to account for inaccuracies in the inputs.

Area inaccuracy 5% or (.05 = 105% of calculated value
R inaccuracy 20% or 0.20 = 120% of estimated value
Finaccuracy 5% or 0.05 = 105% of value tken from IDF curve

With a design peak flow (Q.) based on an estimated 10 year retun peak flow (Q) established, the
Manning’s formula (Equation 2) was used 1o size the culvert diameter based on a velocity of water flow

in the pipe of approximately 1.5 m/s:

LR
L)
Q=— -t 2l

A
Where,
Q = Flow in m’/s or ft'/sec
k = units factor (1.0 metric) or (1.486 Imperial)
r = the hydraulic radius of the channel section
S = slope of channel 1 m/m or f/ft
n = Mannings coefficient (equal to 0.013 for typical culvert material}

As show m Appendix F. the peak flow through the culvert was conservaiively calculated to be 1,72 m'/s
(60.7 ft'/sec). Using a design flow of 1.72 m'/s and a slope of 018, a typical 1,200 mm (487 circular

steel culvert will give a veloeity of approximately 1.5 m/s,

5.7 P Lake Dimensions
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P Lake will serve as a short retention lagoon. As per Section 3 and Drawing B the volume of the Lake 15

v ake
approximately 11 667 m”. The P Lake lagoon will offer treatment during a 2 week period i the fall, as

the primary fagoon s discharged.

&
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Table 5.2 shows the sewage retention time in P Lake for each volume of sewage produced by the

community over the 20 vear lifespan of the svsten.
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Table 5.2: Sewage Retention Time in P Lake

Annual Sewage

Year Yolume Brischarge Time Retention Hime
(m {days) {davs)
2006 SGR2G 4 27
2007 61448 14 2.7
2008 63026 P4 2.5
2004 64671 14 2.5
2010 66330 I4 2.3
20101 68233 14 24
2012 JO198 14 23
2013 71902 4 23
2014 73735 14 22
2015 75467 14 22
2018 TI213 14 2.
20617 79208 14 2.1
2018 81047 1 20
2019 83190 14 2.0
2020 85338 4 1.9
2021 86530 14 1.9
2022 88405 14 1.9
2023 90294 4 .8
2024 92197 14 1.8
2025 94115 14 1.7
2026 G6047 4 1.7
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6 TREATMENT QUALITY

The lagoon treatment system will be designed to meet the following effluent criteria at the discharge point

1o Telk Injer:

45 mydl BOD,
* 45 mg/l 88
10" Fecal Coliform / 100mL

Dillon has taken several measures to predict treatment quality and ensure that the fagoon treatment

systems effluent discharged to Telik Inlet will meet the above criteria.

6.1 Annual Lagoon Kinetics

The level of treatment achieved by a lagoon sysiem can be predicted using the following kinetic formula’:

e -

Where,

€, = Concentration of substrate (BODs) in lagoon efftuent (mg/L)
C; = Concentration of substrate (BODs) in fagoon influent (mg/.)
t = Residence time of sewage in lagoon (days)

K = kinetic rate constant for (days™)

The kimetic rate constant, K, varies according to temperature:

K=K,0"" 13]

Where,

K = BOD:; kinetic rate constant (days’z‘)

Ko = BOD kinetic rate constant (days"') for 20°C

0 = temperature coefficient

T = temperature of lagoon contents in the critical or coldest winter months in degrees Celsius ("C)

A typical value for @ 5 1067 Although typreal values for Ky range from 025 - 6.50 davs™, a
. o . . BN . . . -
significantly lower value for K {010 davs™y was assumed in this case, o be conservative and (o account

for the cold climate conditions, Using these assumed values the effiuent quality from the constructed

" Environment Canada Report BEPS 3 NR 1. 119875 Coid Climate Sewage Lagoons. Proceedings of the June 1983

Workshop, Winnipeg, Manitoha, Appendix -3

Ediien Toronio

" Metealt and Eddy, Inc. (1991). Wasiewaier Engineering: Treatment, Disposal and Revse,
MoeGraw-Hill Inc.
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primary lagoon was predicted for a variety ol conservative temperatures and retention times (Error!
Reference source not found.). Although the lagoon will hold sewage for a year's tune, the effective
treatment time used in Errort Reference source not found. only accounts for the length of fime sewage is
completely thawed for treatment during the summer months. Since freeze-up can vary and occur anviime
from Sepiember — November, a range of 70-90 days of veatment were analyvzed, Winter reatment was

assumed to be negligible m Table 6.1

Table 6.1: Prediction of Effluent BOD using Lagoon Kinetics (Annual Retention Lagoon)

t Kop o T K CIC, C, C.
(days) (davs™) Oy (days™) {mp/1.) (meg7l)
S0 4.1 1.06 3 0.037 0.0334 623 22
90 {13 1.06 4 (J.039 0.0289 Aa25 18
G g.1 1.6 3 0.042 0.0234 625 13
Q0 0.1 .06 6 0.044 00187 625 12
S0 G.1 1.06 7 0.047 .0147 625 Q
80 g1 1.06 3 0.037 0.0513 625 3z
&0 0.1 1,06 4 (0.039 0.0429 625 27
80 0.1 1.06 3 3.042 G.0355 625 22
80 Q] 1.06 G 0.044 0.029] 625 i8
80 .1 1.06 7 (.047 (0.0233 625 15
T 0.1 1.06 3 0.037 (.0743 623 46
70 0.1 1.06 4 8.039 10636 625 40
70 0.1 1.06 5 6.042 0.0539 623 34
70 13 1.66 6 0.044 0.0452 623 28
7 0.1 i.06 7 (.047 0.0376 625 23

Based on the above data, the BODs of the effluent discharged from the primary lagoon will range from 9
mg/L. {90 day treatment period, 7'C) to 46 mg/L (70 day treatment period, 3°C). The short detention
lagoon (P Lake}, wetlands area and outfall to Telik Inlet will reduce this value even further to meet the

effluent discharge criteria.

6.2 P Lake Lagoon Kinetics

The same kinetics used in Section 5.1 can determine the amount of treatment that the P Lake lagoon will
offer during the 14 day annual discharge of the primary lagoon. Table 6.2 illustrates the effluent BOD;
values determined for P Lake. These values were determined using equations {2} and [3] and the

foliowing paraimneters:

*  Therange of retention times determined in
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Table 5.2

# The range of BODs intluent values (BOD; effluent values from primary lagoon) determined in

Table 6.1
9= 1006

» =01 <‘an5'3

Table 6.2: Prediction of Effluent BOD using Lagoon Kinetics (P Lake Lagoon)

T Kao ) T K CJC, C, C,
{days) (days™) (°Cy (days™) (meg/ly  (mg/l)
33 0 106 3 G042 08641 <0 43
33 0. 1.06 5 0.042 0.8641 40 33
3.5 0.1 1.06 5 0.042 (.8641 36 26
35 0.1 1.06 5 0.042 (1.8§641 20 17
33 4.1 {.66 3 {.042 08641 10 9
2.5 {3 1.G66 3 4.042 0.9009 50 45
2.3 0.1 1.66 5 0.042 0.9609 B 36
) 0.1 1.06 5 0.042 094309 30 27
25 0.1 1.06 3 0.042 {.9009 20 18
2.3 4.1 .66 5 0.042 $3.9069 10 G
1.3 0.4 1.6 3 0.042 (0.9393 56 47
1.5 0.1 1.06 5 0.042 1.9393 40 3
i5 0.1 1.06 5 (0.042 (0.9393 30 28
i.5 2.1 1.06 3 4.042 §.9393 20 19
1.5 4.1 1.66 5 0.042 6.9353 14 9

Although equation {2] is useful for a first look at the potential performance of the annual retention lagoon

and P Lake fagoon, the equation has not been tested for it’s effectiveness in modeling Northers Jagoon

. 3 . - . . s
systems. Heinke ef ! studied the effectiveness of lagoon sewage treatment in the North, and tabulated

predicted lagoon treatment for Northermn Iagoon sysiems (Table 6.3).

Table 6.3: Expected Performance of Lagoon Treatment of Municipal Type Wastewaters for I.ageon

Systems
Parameter Short Detention Long Detention
(% Reduction) (s Reduction)
Summer
BOD; 40 80
Suspended Sobids 50 50
Fecal Coliform 60 99 9
Winter
BOD, 40 54
Suspended Solids &0 50
Feeal Coliform 74 B

T Heinke, GOW ., Smith, D, W,

svstems o cold chimates. Canadian Jowrnal of Civil Engineering, 184} 356567,

Finch, G0 €199y Guidelines for the planning and design of wastowater fzgoon
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Based on this data, the primary annual detention lagoon will reduce the influent 625 me/L BOD: to 86

mg/l. from both winter and summer reaiment. Following this mreatment, the secondary short detention

fagoon (P Lake) will reduce the influent 86 mg/L to 51 mg

H
!

o The wetiand treatment and outfall for Telik

[nlet will offer additional treatment to meet the effluent discharge criteria.

6.3 Fecal Coliform Reduction

The reduction of fecal califorms (FC) can also be predicted using Table 6.3. The average generafion of

. . . LR R, . .
FC i domestic sewage is 2x 107 FC per person per day®. Using this value and the predicted SCWage

volume generation from Table 2.1, the average fecal coliform concentration in the P Lake Lagoon system

was determined in Table 6.4.

Table 6.4: Reduction of Fecal Coliform from Lagoon Treatment System

Sewage
Year Population Fecal Coliorm Volume Fecal Coliform
Annnal F Lake
Lagoon Lagoon
Effluent EffTuent P Lake
Raw 99.9% (0% Lagoon
[nfluent  Reduction) Reduction)  Efffaent
(FC/p/dy (FCdY {Lid) {(FCAL) (FCAY (FC/AY  (FC/HDOmL
2006 1382 20E+09 2.8E+12 16E+DS 1.7E+G7 1.78+04 34E=03 34E+02
2007 1412 20109 2.81+12 1L.7E+05 1IEH)T L 7E+04 34E+H3 34E+02
2008 1441 2.0E+G9 29E+12 1.7E+03 1.7E+07 1.7E+04 33E+03 33E+02
2609 1471 2.0E+H9 29512 1.8E+08 L7E+07 1.7E+(G4 3.3E+03 3302
2010 1501 20E+09 JOB+12 1.8E+D3 1L7E+G7 1.7E+04 33E+03 33EH2
2011 1336 206409 JAE+12 LOE+(5 LoE+07 b.ol+04 53.3E4H03 33E+02
2012 1370 2.0F+05 30E+12 1.95+05 1.6E+07 L6E+04 33E+03 I3FH02
2013 160G 20E+09 32812 2.0E+03 16E+07 16104 3 32E+02
2014 1632 2.0E+09 35E+12 2.0E+05 1.6E+(7 161404 3 32EH2
2015 1662 2.0E+00 33E212 2B LAE+0T 1.6E+04 3 32E+02
2016 1692 2.0E+09 34B+12 2. 1E+05 1.6E+H7 1.oE+04 3 328
2007 {726 201408 3.8 2.2 LoE+07 1.6E+04 3 2E+00 3.2E
2018 1737 20E+09 3 2. 1.6E+GT 16E+04 3 32E
2019 1793 20E+09 3.6k 23 1OE+OT 1.6E+04 3 3.1E
2020 1829 205400 37612 2. 1.6E+07 1.6E+54 3 3.
2624 1848 2OEHY 3.7E+12 2.4 1.6E+G7 LoE+04 3 3
222 1879 200409 38E-12 2.4 LG0T ) 3OHE+03 3.
20723 1910 20400 FREwIZ 2. VIE+07 3.
2024 Pud] 2OE+09 I9E+12 2.3 [3E+07 3.
2023 1971 2OEHGY 3912 2. F3E+G7 { 3.
226 2042 20009 d0FE+17 2 I 17 | 3F+04 1

The predicted concentration of FC/100mL of P Lake Lagoon effluent is far beneath the desia

10° FCA00mL.

" Metcalf and Eddy, Inc. (1991}, Wastewater Engineering: Tremiment, Disposal and Rewse, 37 Edition.

MeGraw-Fhil Inc.
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6.4 Wetland Sewage Treatment - Nutrient Removal

Lagoon treatment systems often have difficultly reducing nutrients (nitrogen and phosphorus) to regulated
fevels.  The effluent from the P Lake fagoon will be discharged to a wetlands area. Northern lagoon
systems that run into wetlands areas can geperally meel nutrient levels. Wetlands remove nutrients by a
variety of natural processes: plant uptake, filtration, somption, flocculation, sedimentation and ological

degradation,

6.5 Suggested Design Criteria

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

*  Sunlight for disinfection of microorganisms

*  Wind for sewage aeration

*  Odour control

*  Sufficient Treatment of BOD;

For sewage lagoons, the province of Manitoba™ recommends not exceeding an organic loading of 56
kg/ha/d. Based on equation [1] and a BOD; of 625 mg/L., the maximum organic loading (in vear 20) will
be 53 kg/ha/d (Appendix I

6.6 Functional Lagoon Systems in the North

Fo support the proposed lagoon treatment system design, Dillon will draw design parameters from
existing sewage treatment lagoon that are functional and achieving the proposed effluent criteria for Cape
Dorset, NU.

6.6.1 Nunavut

Dillonn consulted with Mr. Constantine Bodykevich, Water Resources Officer, Indian and Northern
Aftairs Canada, Nunavut District Office. Based on his annual inspections of existing lagoons svstems in
Nunavut, Mr. Bodykevich offered the following advice for constructing a functional sewage lagoon

system in Cape Dorset:

*  Construct an annual retention lagoon as opposed 1o a seepage lagoon
= Consiruct lagoon berms with fine grade material that won't allow for the seepage of small

particutate matter, Le. shale, not course gravel

= Construct berms will a 3 m width at the top and a side slope with less then 30

Dilion"s preliminary design meets and/or exceeds these recommendations.

" Provinee of Manitoba, (1985) Dasian Objectives for Standard Sewage Lagoons.
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6.6.2 Fort Lisrd

Ditton has been involved with various stages of the design of the sewage lagoon system in Fort Liard,
NWTL Although the system in Fort Liard consists of 3 cells in sequence, the first 2 cells have a retention
time of approximately | vear and are comparable to a single cell with annual retention, proposed for Cape

Dorset. A sumple tken from the second cell on July 16, 2002 showed the following concentrations:
I 3 g

* BOD: lomg/l
»  FC:ECOFU/T08 mL
s TS50 41 mygidl

Although the climate i Fort Liard is warmer than Cape Dorset, this sample was taken mid-way
through the treatment season, afler approximately 2.5 months of treatment. This is approximately the
length of the treatment season in Cape Dorset. The results indicate that an annual retention lagoon s

capable of treating sewage to the required guidelines.

6.7 Additional Sewage Treatment

Lookmg beyond the 20 year design horizon, there are opportunities to expand the lagoon system on the
sife, or to enhance the treatment system to provide additional future capacity. The proposed lagoen
treatment system may be upgraded to enhance treatment and prolong the life of the system using a
number of technological means. A long tem monitoring program is recommended to determine what
maybe undertaken in the future to extend the 20 year design life of the facility. These are discussed

below.

6.7.1 Aeration

Should additional treatment be required by the lagoon treatment systein, the annual retention lagoon can
be retro-fitted with aerators during the summer months. Aeration enhances the level of treatment in
several ways:

*  Completely mixes the system

*  Increases temperature

*  Addition of dissolved oxygen

All of the above factors lead to an increased rate of BOD; degradation. Depending on the detention time
of the lagoon, the effluent from an aerated lagoon contains about one-third to one-half the value of BOD;

from that of a non-aerated system.
Aeration is best practiced in an on/off operation.  Approximartely one-month prior to annual discharged

the sewage can be aerated to advance treatment of the system. Two weeks prior to annual discharge, the

acrators can be turned off, allowing setthing of solids and remeval of microorganisms.

Dillon Consulitng Limited - January 2006 — Project Number: (5-4319-]1 300
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6.7.2 Solar Aerstors

The client has expressed interest in using a solar aerator in the sewage lagoon. to merease the rate of
treatment. However, the etfectiveness of this is uncertain. Cooler water temperatures hold more dissolved
oxygen, and decrease the metabolic rate of microorganisms. Thus, the rate of BOD; degradation may be

temperature-limiting, rather than oxygen-limiting.

‘The rate of BOD degradation in a lagoon system assumes that there is sufficient oxvgen in the systen.
Adding aerators would not substantially increase the treatment rate ahove what is given by this equation.
In the feasibility report, values of k were estimated to be between 0.037 - 0.047 d°. Using an mfluent
concentration of 625 mg/L and an effluent concentration of 45 mg/L. (as required by the Water Board), the
treatment time would range between 56 and 71 days. To increase this rate, the water temperature would

need to be increased.
6.7.2.1  Feasihility of Aerators in Cape Dorset

SolarBee® aerators have 3-80 watt solar panels, each producing 68 watts of usable output, for a total of
102 usable watts.  Low speed, surface aerators typically have an oxygen transfer rate of 0.7 — 1.5
kpO/KWh,

The oxygen demand of 7 months of sewage (November ~ May), with an influent BOD. concentration of
625 mg/L, would range between 32719 kg in 2006 to 52525 kg is 2026. This is the total oxygen demand,
assuming a ratic of BOD, : BODs of 1.5, where BOD, is the ultimate oxygen demand. Over a 60 day
period, the daily oxygen demand would be 875 kg O./d.

According to H20 Logies Inc., a SolarBee® distributor, the oxygen transfer rate for one of their machines
15 300 Ibs Oz/acre/day (or 336 kg Oyha/d). Also according to H20 Logic, the natural reaeration rate of
lakes is 50 Ibs O/acre/day (or 56 kg Ou/ha/d). With a lagoon size of 2.4 ha (185 m x 132 m), the natural
surface reaeration is 134 kg Oy/d, considerably less than the 8§75 kg O,/d predicted above.

6.7.3 Treatment Bevond 20 vears

The proposed 2-celled lagoon treatment system is designed for a 20 vear use: however, (0 maximize the
utilization of the system, the treatment area may be expanded fo accommodate sewage beyond 2026.

Table 6.5 lists the predicted yearly volume of sewage for years 20-40 of the systems use.

Ditlon Consuldting Limited - Janwary 2006 — Project Number: (343707200 34
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