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1.0 INTRODUCTION

AMEC Earth & Environmental, a division of AMEC Amencas Limited (AMEC) was refained by
Muna Bumsida Engineering and Environmenial Lid. {NBEEL) lo provide gectechnical input and
gecthermal design work related to a project to replace the exisiing water reservoir, sewage
lagoon and solid wasle disposal facility for the Hamlet of Qikiglauag, Nunavut. A gectechnical
assessment that included fisld reconnaissance, testpits and terrain mapping was conducted by
MEBEEL in 2005. Tha current phasa of the gectechnical design work is in support of the Munawvut
Water Board License Application. Autherization to proceed with the currenl gectechnical
anelyses was recelved on November 29, 2008 via fax by Mr. Matthew Paznar with NBEEL.

Tha benm dasign drawings, geotechnical repor and construction specifications of the NBEEL
for the reservolr, lagoon and solid waste disposal facility were provided to AMEC for
infarmation.

2.0 SCOPE OF WORK

Based on a verbal discussion with NBEEL, the scope of work for geotechnical services includes
an assessment of design soil paramelers and engineering analyses (seepage, slope and
geatharmal) comprising the following tasks:

1. Review of available subsoil information and provide basic soil parameters for the design;

2. Cary oul slopa stability analyses for the proposed berm slope with consideration aof
permalrost condition;

3. Perform seepage analyses for the proposed berm slope;

4, Conduct geothermal analyses to assess the ground temperatures In short term and fong
term considerations under lagoon operation;

5. Provide geotechnical recommendations regarding the design and construction of tha lagoon
and solid waste dispossl berm.

6. Prepare a report that summarizes the work complated

In arder to gain understanding of subscil end permafmst conditions of the proposed sites, the
following decumnants were additionally reviewed by AMEC:

* Foundation Scils Investigation — Exisling Power Generation Facility, Broughton |sland,
WT. AGRA Earth & Environmantal Limited, Yellowknife, NWT (1997)

s Geotechnical Investigation - Proposed School Bullding, Broughton Island, NT., GNWT
Public Works and Highways. AGRA Earth & Environmental Limited (1988)

« Proposed Broughion Island Power House Addiion, Geolechnical Investigation,
Broughton Island, NT., NWTPC, Thurber Cansultants Lid. (1988)

+ Geotechnical Investigation — Proposed Health Cenire, Broughion Island. Hardy BET
Limited, Yallowknife, NWT (1980}
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3.0 PROJECT DESCRIPTION

The new reservoir barm and lagoon berm are proposed o ba between 5 m to 7.5 m high with
side slopes at 3H:1V and 2H:1V. The width of berm crest is 4.5 m and 3 m. The solid waste
disposal facility consists of perimeter and intermediate berms, hazardous waste storage ares,
and bulky material disposal area. The height of perimeter and intermediale barms are
approximately 2 m. It is undersiood that the in-situ material, sand with gravel will be used for the
construction of all berm slopes.

4,0 SUBSOIL CONDITIONS

Basad on the provided test pif log al the existing waler reservoir, the in-situ surficial material
ancauntared up to 2 m of medium fo coarse grained sand and gravel with various amount of
cobbles and small boulders, Test pits excavated near the existing and the proposed wastewater
lagoon sites ravealed madium to coarse sand and gravel with cobbles and small boulders. The
landfill site and the surrounding area consist of similer subscll conditions, mainly medium to
coarse send and gravel with abundant cobbles and small cobbles. Permalrost was encountered
at 2 mto 2.1 m beiow ground surface for each test pit location,

The results of grain size distibution in these areas suggested that the in-situ sand and gravel,
with Irace siit are poorly graded and classified as SP according to Unified Soil Classification
System. The gravel content varied between 40 % and 43 %.

5.0 SOIL PARAMETERS

Dapanding on the composition of in-situ materals. the unit weight of well compacted sand-
gravel is generally between 19 kM/m® and 21 kNim®. Basad on the correlation of dry unit waight
with internal frictien angle published in fhe Design Manual, NAVFAC OM T.01 and our
geotechnical axperience with similar soils, a range of the friction angle for compacted poorly
graded sand (SP) with gravel typlcally varies between 30° and 38°, dapending on moisture
content, grain size characteristics and density. A mean value of 33 degress was assigned for
the: design purposes.

6.0 GEOTECHNICAL ASSESSMENT AND ANALYSES

6.1 Site Preparation

Prigr to construction of the berms (including resenoir, lagoon snd landfill berm), the topsoil or
vegetation, if any, should be removed from undemneath of the proposed barm lpcalions and the
exposed nalive soil should be compacted with a vibratory roller o the satisfaction of a fiald
engineer. Any soft materal, observed in the prepared subgarde, should be removed and
replaced with engineered fill, compacted to 85 parcent of SPMDD.
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However, AMEC doa: not recommend removal of the organic material from the sewage
impoundment area. Permafrost disturbance within the impoundment area would promote
thawing of frozen soils undar lagoar.

6.2 Bearing Capacity and Settlement

Bearing capacity and setlement of frozenithawed solls are Important issues for the berm
gectechnical design. The results of gecthermal analyses {sea Section 5.8) show that during
he operation pericd of time, the berm will generally be founded on frozen medium to coarse
zand and gravel with varying amounts of cobbles and boulders. In frozen condilions, such Soiks
have compressive strenath greater than 250 kFa. Minor thawing occurs only near the toe of
the interar slope covered with water (2ee results of the geothermal analysis). The allowabla
bearing capacity of compacied unfrozen sand and gravel is generally higher than 175 kPa while
the allywable bearing capacity of frozen sand and gravel, as was mentioned above, is not less
than 250 KPa. Both values (175 kPa and 250 kPa) are greater than the vertical stress induced
by the proposed berm, The long term sattlement of the frozen sand under the proposed loads
for reservoinlagoon will be negligible.

6.3 Thaw Settlement

A review of AMEC project files indicated that the thickness of the overburden soil (sand &
gravel) In the Cikigtarjuag community is about 10 m to 15m. Moisture contant of predominantly
sandy deposits ranges from & percent to 26 percent (average moisture content is aboul 15%).
Such amount of water in soil iz not enough to fill up pores (porosity 0.3) with ice, resulting in a
minimum settiement of thawing scll (sand). I i3 estimated, based on our expenence thal the
satflament strain of the cverburden can be in an order of 0.01. I means that i thaw depth
under the resarvoir impoundment i= greater than the overburden thickness (18 m), then the
thaw settlement will be in an order of 15 cm maximum. The thaw seflement of the berm
upstream slope would be considerably less (aboul 4 cm lo § cm, see resulls of gecthermal
analysis).

64 Stability of Berm Slope (without seepage)

In grder o determine the stability of the berm slopes for the proposed facilities, the mast critical
section is located at the downstream skope of the lagoon (Section B-B in design drawing No. 8).
The upsiream slope in this section is 3H:1V while the downstream slope is 2H:1V with a total
glope height of approximately B m. The slope stability was assessad for the downstream slope
of the lagoon berm because this slope is highest and steapest.

Thrae fzilure machanizms ware assumad in stability analyses:

Casa 1; A circular failure within the berm material during first several months of the operafion
when the berm is slill in an unlrozen state.

Casa 2: A planar failura of the active layer on the axtenor skope of the berm with a frozen core
during summaear perods of the barm oparation.
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Case 3. Berm stability against sliding along the interfaca of the berm and the native malerial.

Lased
This case considers the berm slope under construction or shorlly after construction. The

strength of the barm fill after compaction govems the stability of berm slape. The pore water
pressure within soil paricles will reduce the effective overburden siress of soil and hence
dacrease the shear sirength of soil at the faillure slip. Considering that the materials for berm
consiruction will be coarse granular solls, the pore waler prassure within scil particles may b
assumed 1o be 2ero.

Commercizl computer sofiware SLOPEW (Geostudio 2004) was applied for assessment of the
slope stability, Due to a possible range of paramelers within the berm fill, a series of sensitivity
analyses was performed, applying various strength parameters of the fill

The potential failure slip with the low facter of safety was firslly datermined by varying with
radius of the circle and location of the feilure axis associated with the mean values of soil
parameters. The friction angle and unit weight were then held in the mean values, and safaty
facions were compuled by varying the cohesion. Such procedure was used for assessment of
the model sensitivily 1o the friction angle and unit weight while keeping other paramelers in the
mean values. The estimatad mean values and results of the analyses are summarized in Table
1.

Table 1 Input Parameters of Berm Fill and Results of Sensitivity Analyses

Mean
Input Paramelars it Range Factor of Safaly
Apparent Cohesion i =
(kPa) 5 0-10 15-21
Friction angle® 33" 3P - 36" 1.65~ 2.0
Unit Weight {(kN/m") 20 19-21 1.8~ 185

Figura 1 presants ihe sensitivity plots, whare the strength and unit waight values are normalized
within 8 value ranga between 0 and 1. Zero means the lowest value in the range and 1 means
the highest value, The point whene the three sensitivily lines cross, is the delerministic factor of
safety, coresponding to mean values of the analysed sail. Figure 1 Indicaies that the salely
factor sgainst slope failure, is higher than 1.5 for any combination of soll parameters. The
safety factor of 1.5 is generally considerad to be acceptable in geotechnical practice. Figurs 2
ilustrates he factor of safety for the 2H:1V slope and tha potential failure slip when all input
parameters correspond to the mean values.

FrAPearmuaignry GG 14244 - Srwage LIgoon in O kot Reparth ing el ong fepon oo Page 4



Muna Bumside Engineering and Ervironmantal Lid.
Seowage Lagoon & Sold Waste Disposal Facility, Cikiqtarjusg. Munavuat
January 30, 2007

CG14245
Sensitivity Data
1E | -
& Wamw FL W
1
[ =
| .
£ =i
g __."—"_'_'i- . e -
i, Wl 81 St
™ L )
. R ]
B = ===
| |
| ¥ PaariE &1 P
| .
1 —1 o
pn-al':n:al.l.BMD.S-DIll{-TlHUI"lﬂ
iy Range
Figure 1  Sensitivity Plots for Slope Stability (No Pore Water Pressure)
]
M
=z ™
Em
o
£ =
k-5
m il
"
el
» | 1 | 1 I ] I ] i I i ]
] 5 ] 5 o = m ] L] & 5 ] m -} -]
Harizontal Distanca (m)

Figure 2 Factor of Safety for Lagoon Berm (Mean Value of Soil Parameters,
Mo Pore Water Pressure)

Pege 5

P Prsar gy GaniCG RS - B Lagosr % il



Muna Bumside Enginesaring and Ervironmental Lid.
Sewage Lagoon & Sofid Wasts Disposal Facilty, Qikigtarjuag, Nunavut
January 30, 2007

CIE14245

Case 2

The stability of thawed material overlying an extarior frozen barm siope during summer periods
was assessed. The thaw depth on the berm slope was obtained based on results of the
geothermal analysis. The maximum thickness of the aclive layer, as pradiclad by geothermal
analysis, can reach 1.5 m at the and of summer.

The facior of safety of the slopes was calculated using the limit eguillbrium theory by comparing
the total resistance force along a failure slip ta the total driving force along the same failure slip.
The limit equilibrium theory, applicable fo frozen slopes wes developed by Dr. E. McRoberls. |n
addition lo the base resistance slong the slip, the side shear resistance of thaw maleriaks also
cantributes lo the total resistance, hence increasing stability of 5 slope. Resistancas along both
sidas of fallure 2one were considered, applying a side factor of .7,

The analysas wera carrded out for an assumed fallure slope 15 m long (based on berm section)
and 20 m wide. Similar to casa 1, sansitivity analyses were carried out using the same mean
values and ranges of the soil parameters outlined in Table 1. The results of analyses for a thaw
depth of 1 m and 1.5 m are presented in Figure 3. The factors of safety against failure within
the active layer are greater than unity which suggests that the proposed slopes are in a stable
condition. The factor of safety may decrease to about 1.3 when the apparant cobesion of aclive
malarial is close to zero. It is our opinion that coarse material generally tends o dilate during
shearing under a low confined pressure, It is reasanable to include a minimum apparent
cohesion for dilating soil. Hence, the likellhood of zero cohesion is very low.

a
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Figure 3 Sensitivity Plots for Stability of Active Zone
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Figure 3 Indicates also that the factor of safety of the active layer generally decreasas by 10 1o
15 parcent with increasing of the active layer thickness from 1 m fo 1,5 m. It was also found that
the laclor of safaly decreases by 3 percent to 4 percent with increasing of the slopa widih from
20 m o 30 m.

Case 3

Stability of the berm against sliding due to the hydrostatic pressure applied on the interior slope
was assessed by assumirg that the berm |3 a rigid retaining structure, The friction coefficiant
of 0.5 was usad at the interface between the berm materal and the nafive ground, a&s
recommended in Canadian Foundation Englneering Manual (1592, 3™). The lateral pressure on
the interior siope was estimated based on fluld pressure with a unit weight of 10 kNim®. It was
found that the factor of safety against sliding along the interface is close to 4.

It should be noted that the above limit equilibrium analysis takes into account forces and
moments equilibrium cnly. The deformation of the slope will undergo during the life service of
the struciuras and re-distribution of internal forces due fo berm deformation are not considerad.
Therefora, the resulls oblalned from mit equilibrium analyses are generally considered to be
slightly consarvative.

6.5 Seepage Analyses

Seapage analyses for tha proposed lagoon berm were caried out using the SEEPW
commercial finite alament computer =oftware. The purpose of the analyses was (o assess the
safety of downstream slope against piping shorlly afler construction if lner s nol provided on
the upsiream siope, while frozen cora has not formed yat in tha berm materdal (within one year
after completion of berm construction) and the water level on upsiream slope was raised 1o the
maximum elevation. In this case, water will infilirate through berm materials to the downstream
slope face. The critical section (west side of the proposed lagoon) used in skope stability
analysis was employed for seepage analyses, The width of berm at the crest was 3 m, The
maximum water level at the upstream slope was assumed o be at EL 71 m. Berm materials
and nalive malarials were assumed 1o have similar hydraulic propertes.

The saturated hydraulic conductivity (Ksa) of in-situ materals were referenced to works
parformad by D. Swanson (1991} on poorly graded sand and the hydraulic conductivity
functions were estimated using method proposed by Green and Corey (1871). Since coarse
material was encountered on sife, the hydraulic conduclivity was increased (la! made less
conservative or more porous) by 50 %. It is undersiood that the K.y has insignificant impact lo
the results of seepage gradient. AMEC considers that this parameter results in an adequate
assassment of the seepage. Figure 4 presents the contour piod of total pressure head for the
proposed barm under a steady flow condition. Figure 5 shows the contour plot of x-y gradient. It
was found that the maximum gradient near the toe of downstream skope vanes between (.35
and 0.45.
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Figure 5 X-Y Gradient within Lagoen Berm due to Seepage

The factor of safety against piping can be defined as the ratio of i, 10 i, where i is the critical
hydraulic gradient of berm material and i, s the estimated maximum gradient. The i, may be
evaluated using void ratio (&) and specific gravity (G,) of soil and generally verias within a range
of sbout 0.85 and 1.1 (Das, 1983). The factor of safety against piping was calculated o be
approximately 2 which is acceptable for short term pericd prior to the berm materal baing
frozen.

Seapage analysls for the lagoon berm has also confirmed that there is 8 potenbial of seepage
through the berm during the first year of the berm operation, assuming that the lagoon is filled
to the top immediately after construction. Since the lagoon will be placed into service at the end
of August, seepage is not expected during the first winter following to completion of the berm
construction. I was further understood, that during each summer, the sewage waler is
discharged from he lagoon beginning around July 1, If water level in the lagoon is lower than
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the annual thaw depth, then & liner is not requirad Io reduce seapage of fluid through the upper
partion of the berm. Recommended maximum fuid levels that are required 1o maintain this
condition are provided below.

May — any water lavel.

June - 0.5 m below berm crest.
July = 1.2 m below berm crest.
Augusat — 1.7 m below berm crest
Seplamber — 2 m below barm cresl.

If water levels will be above the maximum levels, then a liner shauld be installed to prevent the
seapage. These levels can be edjusted depending on actual thaw depths observed om &n
annual basis,

6.6 Stability of Berm (with seapage)

As mentioned before, the pore water pressure within soil parlicles will reduce the effective
ovarburdan stress af soil, and hence decrease the shear strength of sail at the failure slip. The
stability of barm slope was also assessed by considering the pore water pressura within the
berm due {0 seepage. The results of the analyses, using mean value of soil parameters and the
sensitivity plots are given in Figura § to Figure 7, respectively. The resulis indicate that the
stability of the berm slope is mome sensitive fo the cohesion of the compacted soil than other
parameters. If the lower bound of this parameter was assumed, the factor of safety may
decrease 1o less than unity, However, it is our experienca thal a mean value of cohesion shown
in Table 1 should be warranted if the granular malerial for berm fil is compacted to the
spacified densilty. Monltoring compaction during construction is required lo ensura that the
specified density is attained. Alternatively, if full time monitoring is not io be provided, it is
recommended thal a liner ba installed on the inside slope of the downstream berm for the
lagoon,
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Figure & Factor of Safety for Lagoon Berm (Mean Value of Soil Parameters)
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Figura 7  Sensitivity Plots for Factor of Safety (With Seepage)

6.7 Geothermal Analyses

The geothermal modefing program SIMPTEMFP, 20D varsion (developed in-house by AMEC) was
used to analyze the gecthermal regimes for the lagoon berm. The geothermal simulator uses
the finite element method o compute a numenical sclution of the heat transfer prablem,
Physicalimathematical algorithms usad in tha SIMPTEMP modal have been published, and the
simulation process has been verfied both against well-known analytical solutions of the heat
fransfer peoblem, and as comparad with numerical soluions produced by other
commercialnon-commercial geothermal zoftware.  AMEC has sucoessfully used the
SIMPTEMP pragram for a variety of genthermal applications over a ten yasrs pariod.

The analysis considered the fallowing geamelry for lagoon:

s Haight of dyke is 5 m {upstream).

+ Width of crestis 3 m.

s Upstream siope Is at 3H:1V and downstream slope is at 2H:1V

+ Local soil {sand and gravel) is proposed for the dyke cora construction.

Tanla 2 below provides surface lemperatures that were applied at the berm, downsiream tarrain
beyond the berm, ice surface and also resenvolr water temperatures in summertime,
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Table 2 Surlf.?pa Temperatures and water temperatures Applied in Geothermal Model
Location Jan | Fab | Mar | Apr Mey | Jun | Jul | Aug | Sep | Oct | Mov | Dec

Berm e | 56| A | 1B | 74 | 0B |64 | 62 | 23 | 28 | 4 | 16
Downstream | o, o | oysf g | 22 | 28 |08 |84 | a2 | 23 | 37| €5 | 138
Terrain
e Sudace | D5 =15 | 91| 92 | BE| = | = | = | = | 27| &% |38
Water — et = T T = =] =

The provided temperatsres were derived by application of varous n-factors to the mean
manthly air lemperatures at Qikigtarjuag weather station for period from 1971 to 2000.

The initial temperature of the berm material and active layer was taken lo be 2 °C, while the
frozen soil below the active layer was appointed to be -5 °C. The sofl profile consisted of 15 m
thick overburden (sand and gravel al moisture content of 12%), overlying bedrock (moisiure
content of bedrock 2%). It was assumed in the analysis that the berm material properties are
the same as properties of the overburden. The waler level in the reservcir was at the maximum
alavation, beginning from October 1. The madel ran for 30 years.

Figure 8 shows that after the first year of the barm oparation, Lhe majority of the berm core has
a temperaturs in a range above 0°C. Also due to the wamming affact of the reservolr water a
portion of the harm at the upstream slope has a positive femperature about 1 “C 1o 2 °C. Figure
9 to Figure 12 present the estimated lemperatures from the fifth to thirdieth year of the berm

operation.

Tha numarical simulation suggests that a frozen core within lagoon will be located at 2.0 m to
25 m below the crest of berm after 1 year of operation. The polential of percolation of
waterfaffluant through the berm will depend on the water level inside the lagoon during
operation. If water levels will be higher than the maximum lavels (saa Seclion 5.5), then a liner
will be required. If the operation scenario with high water level {higher than maximum) will be
used, AMEC recommends Installation of the geomembrane liner in the lagoon berm for
seepage protection. A typical section for the liner layout is provided in Figure 13, The cut —off
tranch, at lgast 2 m deep info the native soll, should be excavaied at the position of the
upstream slope crest, The liner should be placed vertically in the cut-off trench and then
backfilled with compacted clayey matarial or grouted. The liner should then follow the ground
surface lo thi toe of the upsiream slope and then cover the upsiream slope 1o elevation higher
than the axpected maximum water level, as shown in Figure 13, The liner should be covered
with 0.5 m (hick armour kayer (riprap). An altemnative liner oplion is shown in Figure 14, [T s
understood that the constructability of the alternative option is more complex however the
amount of required liner is almast half 25 much as the option shown in Figura 13.

P PN pany GaoCIG 4245 - Basge Liggaan in SitkaiseRianuTFiral Conssional Fanan doc Paga 11



Muna Burnside Engirsaring and Ervirpnmental Lid,
Sewage Lagoon & Solid Waste Disposal Faclity, Qikigtarjuaq. Nunavut
January 30, 2007

CE14245

; -.-.-:. e
CESTAMCE {m)

Figure 8 Berm Temperatures after 1 year of Operation
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Figure @ Berm Temperatures after 5 years of Operation
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Figure 10 Berm Temperatures after 10 years of Operation

Figure 11 Berm Temperatures after 20 years of Operation
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Figure 13  Proposed layout of HDPE Liner (Option 1)
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Figure 14  Proposed layout of HDPE Liner (Qption Z)

Mo gecthermal analysis was carled out on landfill section where the height of berm fill is
approximately 2 m. Based on results of the geothermal analysis for the lagoon berm, it is our
opinion that the majorty of the berm will be unfrozen at the end of summer and seepage can
occur through the berm if considergble amount of precipitation will be accumulated in the waste
materal, A hydrological halance showld be calculated for the landfil area. I amount of
precipitation {rain and snow) is less than eveporation potential, then it can be concluded that no
significant amount of water will remain within the kandfill area at the end of summer and a liner
will not be required for the landfill berm from seepage concem. Howewer, the final dedision
should ba made with consideration of environmental concern. If the evaporation potantial is less
than precipitation, then a geomembrane liner is recommended for seepage conirol, Details of
the liner layout may refar to Figura 13 and Figure 14

Since no measurement of ground lemperaluns was performed during the site investigation, the
permafrost temperature (initizl soil temperature) in the foregoing geothermal model was
predicted using a 10 geothermal anzlysis. The analysis includes paramaters which determine
tne soll temperature: soil thermal conductivity, heat capacity and latent heat, snow cover, snow
densily and aifwater lemperature. The resulis suggest that the mean annual permafrost
tamperature at the site can be in a range from -4 °C fo -6 "C (mainly depending on thickness of
snow cover) arnd thickness of the active layer can be in a range from 0.5 m {mossy ground
vagetalion) lo aboul 1.5 m {bared ground surface).
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It is understoed that the inital soll temparature k= an impontant parameter to predict the berm
and impoundment lemperature durng the firsl years of the berm oparaton. However, after that
time, the temperature conditions of the impoundment and barm are changed dramatically due
to & warming effect of water in the impoundment and the berm configuration, The geathermal
analysis has shown that if takes more than 30 years when soil temperatures within the
impoundment and bemn will be stabilized. At that fime, the soil temperatures will differ
considerably of the initial soil temperatures.

Moraover, AMEC axperiance in geothermal modeling shows that vanations of soll thermal
properties within & reasonable range of values, provide insignificant changes o long-lerm soil
temperature, The boundary condifions have a greater impact an the berm temperature
throughout the years of the bermiagoon operation. Thus, AMEC considers that the estimated
goil thermal properties and applied boundary conditions, used in the foregoing analysis,
resulted in an adequate assessment of the berm temperature regime for long term
consideration.

Patenlial of climale warming impact was not incorporaied in the geothermal model. AMEC was
invalved in prediction of climate warming rate for several other projects, including Diavik
Digmand Mine project. Our experiance shows, that within ranga of the pradicted warming rate,
no significant change of the berm temperaturs ocours during the 5 to 10 years immediately
after construction. There is a potential after this pericd of time that implementation of the
contingency plan might be required for the berm, based on resulls of monitoring program.

AMEC recommends implementation of the termperaiure monitoring pregram within the berm as
described In Sectlon 6 below. If actual berm/groend temperatures differ considerably (e, are
warmar than predicted) or warming trends are noled, then a contingency plan should be
implamentad. Currenily, il is considerad that an appropriate contingency plan would include
installation of thermosyphens 1o reduce berm tempearatures.

AMEC does nol expect 8 nolicesble change of the thewing depth under the lagoon
impoundment due to climate warming because it mainly occurs by increasing of winter air
lemperatures. However, the thawing depth under the impoundment depends mainly on the
water temperature which is a function of the summer air temperatune.

6.8 Aggregate Assessment

Characterization and analysis of materials available on site and suitable for berm construction
was carmied out for three borrow sources, located near the existing sewage lagoon, proposed
waste waler lagoon and proposed water resenvolr,  Three samples were derived from test pits,
excavated at the borrow sources sites. Mathodology used for analysis of the granular materiaks
fram the test pits is provided balow.

Sigve analyses were performed on selected samples by Alston Associates Inc. The resulis of
all sieve analyses are presented in Appendiz C — soil tesling results. The grain size distribution

PR iecsCaian G140 - Brsage Lagon b2 O 8l Regort tas Page 16



Muma Burnside Enginsaring and Ervironmenta Lid.
Seamge Lagoon & Solid Wasle Disposal Fadiity, Qikigtanuag, Nusnad aw
January 30, 2007

CE14245

curves of thase malerials were then compared to upper and lower bound gradation envelopes
far 25 mm minus gravel materal typically used for foundation subgrade, embankment and road
construction. The resulls of comparisons are presented in Figuere 15. The solid lines, shown in
Figure 15 demonstrate the upper and lowar bound of gradation envelopes for the specified
gravel material, and the deshed lines represent the gradations of the granular materials
obtained in the lest pits.

e 35 T MRS - IEawes DN
15 MM MR- apped Bound
-+ Exialingy Landfil - 5P

= - Exisfing Lagoon - GP

Peacind passing by mass

Particle Size {mm)

Figure 15 Comparison of Gradations of In-situ Material to
25 mm minus Crushed Gravel

It was found thal the particle size distribution for the sampled materials practically fall within the
specificaion envelope for 25 mm minus gravel. The minor discrepancy of the grain size
distribution within the particie ize from 0.4 mm to 2 mm should not have a noticeable impact cn
performance of lhase malerals for berm construction if the gravel is properly compacied.
Therefore, materials oblained from these sites are considered to be acceptable as 3 25 mm
minus graved resource.,

The results and conclusions are besed on limited laboratory tests. It is recommended that
additional sampling and testing be performed to confirm that suitable gravel ks avallable in
quantities required to complete construction.
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6.9 Drainage

ANl existing ditches, if any, should be covered with & minimum 200 mm thick riprap {Class 1M,
nomingl size 178 mm) and re-directed the drainage paths around the site rather than over it.
Where necessary, the existing dilches will be re-graded to provide better hydraulic gradient.

Table 3 Rock Gradation of Riprap (Class 1M]

Rock Gradalion
Clazs of
: Mane greatar 50 % to BO 100 %
Riprag NS 20 % to 50 % % greater than
M 300 mm 200 mm 175 mm 125 mm

The proposed riprap placed on existing ditches reduces welocity of water flow and hence
raduces potential erosion effects. A gec-lextile layer (Amoce 4506 non-woven or eguivalent),
placed on a ditch boftom prior placemant of the riprap may also be considered to reduce
potantial erosion.

The access area to the bulky metals disposal site and capped disposal area showed signs of
erogion due to runoff cutling channels across the site. These channets should be filled in as
part of the ongoing work at the site. Future erosion should atso be controllied by improving the
drainage around tha site so that this doesn't occur again in the fulure.

6.10 Erosion Protection

Based on field performance of the existing faciliies over the last 17 years, there was no
evidence of erosion caused by wave, ice or wind on the existing slopes. Howaver, the upstream
slopes should be provided with adeguate profection to guard against erosion and possible
breaching due to wave and ice action, as cullined in Dam Safety Guidelines prepared by
Canadian Dam Associafion (1999). It iz recommended that a layer of 500 mm thick riprap
(class 1) be placed on the upstream slops of water resan/oir and lagoon for emnsion protection.

7.0 CONSTRUCTION MONITORING

It is recommended that a field geotechnical enginear or technologist be assigned to ba onsite
during the entire time of the berm consiruction to provide proper guality control and quality
assuranca. His responsibility will include the following:

+ Inspection of enginserad fill, Including such fill parameters as gradation, moisiure contant,
unfrozen state, inclusions of boulders;

» Coordination with the contractor requirements of the inspection during various stages of the
berm construction;

« Eztimation of lift thickness carresponding Lo capacity of available compaction equipment;

« Inspection of compaction level with the use of sand cone method, proof rofling or aquivalant
for each [ift;
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» Record all activities on the site and direct these activities if they contradict to the earth work
specifications:

« Review of design drawing and spadifications prior the construction is commancad,

+ Provide recommendations If unforesesn site conditions will be encountered, including
specify drainage conditions and permafrost conditions.

7.1 Fill Placement and Compaction

The percent of Standard Proctor Maximum Dry Density (SPMOD) is defined as the ratlo
between the field dry density of the compacted material and the labaratory maximum dry
density compacted with slandarized percedures at & known energy level. In general, the
matarial directly below a struclural foundation requires neglected deformation due fo
compacton of soll particles after concentrated load is applied. Therefore, 100 percant of the
SPMOD is generally specified. Howsver, minor deformation on a slope, such as barm slope for
lagoon and reservolr, is considered 1o be acceptable and practical, Thersfora, 85 percent of
SPMDD is recommendad in this design.

All material used for berm construction should be unfrezen al the time of placement and placed
in lift thickness compatible with the compaction equipment being used, o a maximum thickness
af 300 mm and uniformly compacted fo specified density at a moisture contents within three
parcant of optimum, Any cobbles and boulders within berm fill should ba removed, The Proctar
tasts should be camied out on stockpiled materiaks prior to construction. The achieved density
of barm malerale should be assessed on a regular basis. It iz recommended that at lzast three
tests be camiad out for each [ift. Additional tesls may be performed wheare necessary, as
determined on site by the field engineer, Sand sona method or equivalent method may ba used
together with proof rolling of the compacted lifts by a heavy loaded truck,

7.2 Post Construction Monitoring

It iz also recommended that the following programs be implemented following completion of
construction;

» Thermal monitoring: Thermistors should be installed to monitor ground femperatures. Two
thermistors strings are recommended Lo be installed in drill holes through tha crest of sach
berm structure, extending a minimum of 5 m inte the native materials. The temperature
readings should be taken twice per year for the first 5 years of operation, after which the
monitoring frequency should be reviewed,

+ Movement monitoring; Survey monuments should be installed along the interior and exterior
crest of the berm. Design and depth of the monuments should provide that they are not
subjectad to frost heave forces. The monuments should be surveyed for vertical and
horizontal movements twice durng the first year of operation, after which the monitoring
frequancy should be reviewsd.
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+ Seepage monitoring: IF any seepage i3 detected downstream of the berm, remediaticn
program should be developed, VWater quality samples should stso be taken weekly and
analysed for critical constituents.

All field observations, recommendations and monitoring data including fiakd testing resulis
obtained in conjunction with any approved monitering programs would be documented and
submitted to the NWE.

8.0 CLOSURE

The gectechnical analyses and recommendations presented herein are based on data provided
to AMEC by Nuna Bumnside Engineering and Environmental Lid., review of the published
raports and AMEC design experence for similar siruclures in parmafrosl areas. AMEC did not
undertaka any gaotechnical investigations at the proposed reservedir, lagoon and landfill sites. If
additional gectechnical/permafrost investigations will be carried oul and encounterad sl
conditions appear to be considerably different than those assumed in the presant report, AMEC
should be edvised immediately and the recommendations contained herein should be revised, it
necessary,

This report has been prepared for the exclusive use of Nuna Bumside Engineenng and
Environmantal Ltd. and ks agents for the speciflc application describad in this report.  Any usa
that a third party makes of this repor, or any rediance or decisions based on this repor are the
sole responsibility of thesa parbes. || has been prepared in accordanca with ganerally accapled
parmafrost and foundation engineering practices. Mo other warranty, expressed or implied, is
mada.

Respectiully submitied,

AMEC Earth & Environmental,
a division of AMEC Americas Limited
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