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Nunami Stantec Limited (Stantec) has prepared this Desktop Geotechnical Study to support the
preliminary design of the upgrade/addition of the existing waste water tfreatment plant located
in lgaluit, Nunavut.

This report has been prepared specifically and solely for the project described herein. This report
presents a summary of available information and geotechnical comments specific to the
assessed site. A geotechnical investigation with boreholes will need to be completed during the
detailed design stage of the project.

The Igaluit Waste Water Treatment Plant (the WWTP) is located in the City of Igaluit. Iqaluit is
located at the head of Frobisher Bay in the southern region of Baffin Island, in the Territory of
Nunavut.

The proposed site is located between Akillig Road and the shoreline of Frobisher Bay. The
existing WWTP is on the south side of Akillig Road, with an approximate footprint of 638 m2. The
ground surface elevation is anticipated to be approximately 6.9 m to 8.4 m; however this is to be
confirmed by topographic survey. The ground surface in the area generally slopes down toward
Frobisher Bay.

The site location is shown on the Key Plan in Drawing 1 and the Site Location Plan in Drawing 2 of
Appendix B.

Igaluit is located within the Canadian Shield with predominately granitic gneiss or granodiorite
bedrock of the Archean Eon (Harrison et. al., 2011). Overburden soils consist of nearshore
marine deposits consisting of stratified and well graded materials ranging between silty sand to
gravel (Allard et al., 2012).

2.1 PROPOSED UPGRADE / ADDITION

The existing waste water treatment plant consists of one building divided into two areas. The
main part of the building has dimensions of approximately 17 m by 25 m and contains the
primary tanks and cells. The floor slab elevation of this building is understood to be 8.0 m. The
headworks portion of the plant is approximately 9 m by 14 m with a floor slab elevation of
10.0 m.

The proposed work consists of two additions, as shown on Drawing 2, Site Location Plan. The
northern addition is approximately 8 m by 15 m, with a floor slab elevation of 9.0 m and will be
used to house grit removal equipment. The southern addition will be approximately 12 m by
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15 m, with a floor slab elevation of 8.0 m. The southern addition will contain the mechanical and
electrical rooms.

2.2 PREVIOUS GEOTECHNICAL INVESTIGATIONS

There are two geotechnical investigation reports related to the existing WWTP that were
available for review as part of this work. A geotechnical investigation was completed by AGRA
Earth & Environmental Limited in 1998 to support the design of the existing waste water
treatment plant. Trow Associates Inc., now exp Services Ltd., completed a geotechnical
investigation in 2004 related to a proposed addition immediately south east of the main part of
the existing building. This addition has not been constructed at the time of this report. It is noted
that development of the site has likely changed the overburden conditions observed in the
boreholes drilled by AGRA Earth & Environmental Limited and Trow Associates Inc.

2.3 BACKGROUND DOCUMENTS
1999 Construction (Main Plant)

The report prepared by AGRA recommended that footings bearing on rock would be feasible. It
was noted that the surface of bedrock was variable and that some blasting may be required to
achieve the desired grades. There are no recommendations specifically about the floor slabs
provided in the report.

Based on the construction drawings prepared by Western Engineering, dated June 20, 1999 it is
understood that the main plant was constructed on shallow foundations bearing on compacted
granular pads. There was no information noted fo indicate the overall thickness of the granular
pad, or the elevations of the surface of rock, the floor slab, or the underside of the footings. It is
also noted that there is 2" (50 mm) thick rigid insulation installed on the exterior footings and
walls. The underside of footing is shown to be 1'-8" (500 mm) below the top of the floor slab
however, this has not been confirmed.

2005 Construction (South East Addition)

The report prepared by Trow recommended that the building be founded on steel piles
socketed in bedrock. It was noted that the surface of bedrock was variable. The floor slab for
the “south east” addition was recommended to be constructed as a slab-on-grade, founded on
a granular pad. The recommendations for the floor slab of the “western” addition, which has not
been constructed at this time, was a structural slab supported on piles. It is noted that the
proposed footprint of the new Addition is located partially on the same footprint as the
“"western” addition proposed to be constructed in 2005.

Based on the construction drawings prepared by Earth Tech, dated May 11, 2006 it is understood
that the “south east” addition was constructed on pipe piles socketed 2 m info the bedrock. The
top of the pile cap ranged between elevations of 8.3 m and 9.5 m. It is understood that there
was a combination of structural slabs and slab-on-grade, constructed on a granular pad. It is
unclear how thick or how variable this fill layer may be.
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The scope of this Desktop Geotechnical Study included:

e Areview of geological mapping of the area and available geotechnical information at the
proposed site.

¢ Review of geotechnical reports completed for the existing WWTP.

e A summary of the anticipated subsurface conditions for the site.

e Recommendations for the preliminary design of the foundations for the building.

The average daily mean temperature from the Igaluit Airport from 1981 to 2010 is -9.3 °C
(Environment Canada, 2016). The average annual precipitation is 403.7 mm with an average
annual snowfall of 229.3 cm (Environment Canada, 2016). The average freezing and thawing
indices between 1981 and 2010 have been 4052 C° days and 695 C° days, respectively. CSA
(2010) suggests a warming trend of 0.7 °C per decade within the Eastern North region (including
Igaluit), which was adapted from a study completed by Holubec, et. al. (2009) using data from
1978 to 2008 in their model.

The following sections summarize the anticipated subsurface conditions at the site location.

5.1 ANTICIPATED SOIL CONDITIONS

Canadian Geoscience Map 64 -2012 prepared by Geological Survey of Canada (Allard, et. al.,
2012) indicates nearshore marine sediments overlying shallow bedrock. The overburden is
described consisting of well graded sand, silty sand, gravelly sand, and gravels. The map
suggests that bedrock is likely close to surface based on outcrops at surface within one hundred
meters of the site.

Two geotechnical investigations have been completed on the site associated with the
construction of the existing structure (AGRA Earth & Environmental Limited, 1998) and a
proposed addition for the southern limits of the existing building (Trow Associates Inc., 2004),
which was not constructed. The borehole records from these investigations are included in
Appendix C. It is noted that development of the site has likely changed the overburden
condifions observed in the boreholes drilled by AGRA Earth & Environmental Limited and Trow
Associates Inc. through the placement of fill.

The report completed by AGRA (1998) described 2.0 m to 4.0 m of silty sand and silt overlying

grey bedrock. Index testing to support the soil descriptions was not provided in the report. The

report completed by Trow (2004) described silty sand to sandy silt, as well as fill, overlying granite
W
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bedrock. Gradation analysis of the fill indicates that it is approximately 25% gravel, 50% sand,
and 25% silt and clay sized partficles. The gradation analysis of the in-situ materials report 92% silt
and clay sized particles, although based on the borehole logs, and local surficial geology
mapping, it is anticipated that the gradations of the soils will be expected to vary across the site.

The bedrock sampled by Trow (2004) is described as medium to coarse grained pink and grey
granite. The reported RQDs range between 0% and 100%, which corresponds to very poor o
excellent quality. The uniaxial compressive strength of intfact samples ranged between 113 to
166 MPa with an average of 136 MPa. It should be noted that based on the records provided by
Trow (2004) the RQD does not increase with depth as what is commonly expected. It cannot be
determined at this time whether the variation in rock quality may be a result of drilling
techniques or if it is naturally occurring.

Depth to bedrock is reported to range between 1.9 m and 5.8 m across the site. The information
presented in the two reports suggests that the depth to rock increases toward the coastline.
Table 5.1 summairizes the depth to bedrock reported by others at the site.

Table 5.1: Summary of Depth to Bedrock Recorded by Others

Borehole Depth to Bedrock Measured from Approximate Geodetic Elevation
Ground Surface (m)* of Bedrock (m)

BH1 (Trow) 5.8 1.2

BH2 (Trow) 5.7 0.7

BH3 (Trow) 2.0 5.2

BH4 (Trow) 2.9 4.8
BH573-1 (AGRA) 3.9 -
BH573-2 (AGRA) 2.1 -
BH573-3 (AGRA) 1.9 -
BH573-4 (AGRA) 3.4 -
BH573-5 (AGRA) 3.3 -
BH573-6 (AGRA) 3.6 -

BH573-7 (AGRA) 3.9 -

* The depth to bedrock may have changed due to site grading work completed since completion of drilling.

5.2 ANTICIPATED PERMAFROST CONDITIONS

Canada Permafrost mapping from the National Atlas of Canada shows Igaluit is located within
the continuous permafrost region (Natfural Resources Canada, 1995). The Mean Annual Ground
Temperature (MAGT) ranges between -5.6 °C to -7.9 °C (Smith, et. al., 2013). Frozen soil was
encountered at an approximate depth of 1.5 m during a geotechnical investigation completed
during the month of October (AGRA, 1998). Investigations completed at the Igaluit International
Airport, within 500 m to 1000 m of the WWTP, indicate that the active layer may be up to0 2.5 m
thick (Leblanc, et. al. 2012).

The pore water salinity is reported to vary between 0.1 ppt and 24 ppt in the City of Igaluit (Hivon
and Sego, 1993). The pore water salinity will affect the freezing point of the soil. As salinity
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increases the freezing point is depressed. A salinity of 32 ppt (3.2%) will depress the freezing point
from 0°C to -2°C. The result of the depressed freezing point is a reduction in frozen soil strength
and increased creep related movements at a given temperature (Andersland and

Ladanyi, 1994).

5.3 ANTICIPATED GROUNDWATER CONDITIONS

The groundwater table was not encountered within the depths of the previous geotechnical
investigations on site.

Groundwater will be limited to within the seasonal active layer, which will vary in thickness
throughout the thaw season. The moisture contents of soils within the active zone have been
reported to range from 48% to 74% near surface, and decreasing to as low as 7% with depth
(Trow, 2004). AGRA (1998) described the soils overlying the frozen soils as saturated however did
not include water contents.

Groundwater is anticipated to rise during periods of high precipitation and will also be strongly
influenced by local fopography.

Near the footprint of the proposed northern addition (Grit Removal and Primary Filters building)
bedrock was encountered at 2.1 m and 3.9 m below grade (BH573-1 and BH573-2). Near the
footprint of the proposed southern addition (Mechanical and Electrical Room building) bedrock
was encountered at 2.0 m to 4.0 m below grade. Bedrock elevations are likely to be variable
across the site and could range in depth more or less than what has been previously reported. In
addition, the quality of the bedrock is likely to be variable. The upper bedrock may be
weathered and frost-fractured. Although not previously reported in Igaluit is it possible that ice
lenses within the fissures and fractures of the upper zone of bedrock may be present.

For the purposes of conceptual design and preliminary costing we suggest using a rock
socketed pile supported foundation design. Depending the finish floor slab elevation of the
addition and elevation of the bedrock surface, shallow footings bearing on rock may be
possible. A Geotechnical Investigation should be completed during detailed design to confirm
the depth and quality of bedrock, and to determine design parameters.

Based on our present understanding of the project, and the anticipated subsurface conditions,
preliminary recommendations for foundations are presented below.

6.1 SHALLOW FOOTINGS ON ROCK

The depth to bedrock at the site varied between 2.0 m to 5.7 m below ground surface af the
time of the respective geotechnical investigations. The initial geotechnical report (AGRA, 1998)
recommended that the WWTP be constructed on shallow footings bearing on rock. Construction
drawings indicate that the footings were to be constructed on granular fill pads, however as-

built drawings or reports are not available to confirm this. The depth to rock for the northern
Wi
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proposed addition is anficipated to be approximately 2.1 m to 3.9 m below grade, and the
depth to bedrock at the southern addition has been observed to be 2.0 m to 4.0 m below the
ground surface however, it is likely to be closer to 4.0 m below the ground surface within the
maijority of the building footprint.

Shallow footings bearing on rock may be feasible for the foundation of the northern addition.

Given the anticipated depth to bedrock at the proposed southern addition shallow footings on
rock are not recommended for this location. A geotechnical investigation to confirm the depth
and quality of the bedrock is recommended.

Bearing capacity on fractured rock was calculated based on the method described in
“Foundations on Rock”, D.C. Wyllie (1999). Rock Mass Rating (RMR) value of 45 was assessed
based on the Trow rock core description and uniaxial compressive strength of intact rock
samples test by Trow (113 to 166 MPa with an average of about 136 MPa). The Geotechnical
Bearing Resistance at Ultimate Limit State (ULS) was calculated as 4,000 kPa. It should be noted
that the factored geotechnical bearing resistance at ULS incorporates a resistance factor of 0.5.
Table 5.1Table 6.1 summarizes the rock mass parameters used in calculating the geotechnical
bearing resistance at ULS.

Table 6.1: Summary of Rock Mass Parameters

RMR Unconfined Compressive s m Geotechnical Bearing Resistance at
Strength (MPa) ULS (kPa)
45 113 (lowest value) 0.0001 0.492 4,000

It is noted that excavation of overburden for the construction of shallow footings will be difficult
to complete while the active zone is still frozen. If the excavation of overburden soils within the
permafrost is required below the active zone methods such as drilling and blasting, ripping, or
steam injection may be required. If construction takes place after the active zone has thawed,
a dewatering plan would have to be implemented to deal with surface water seeping from the

thawed active zone adjacent to the excavation

The bearing surface of the bedrock should be thoroughly cleaned of all loose and weathered

non-competent materials prior to placement of the footings.

6.2 ROCK SOCKETED PILES

It is anticipated that the soil and bedrock conditions on site are suitable for pipe piles socketed
into bedrock, particularly for the southern addition where the bedrock is likely 3.0 m to 4.0 m
below ground surface over the majority of the footprint. A geotechnical investigation to confirm
the elevation and quality of the bedrock within the footprint of both additions is recommended.

The Trow borehole records described the bedrock as fractured with a very poor to excellent
rock quality. The top 2 m of bedrock should be excluded in the estimation of the geotechnical
resistance of the piles. This limitation could possibly be reduced if future investigations

demonstrate the bedrock is less fractured.
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The geotechnical resistance of the piles at Ultimate Limit State (ULS) should be estimated based
on an ultimate grout to steel bond of 600 kPa; the ultimate grout to steel bond value assumes an
unconfined compressive strength of at least 20 MPa for the grout. The grout to bedrock bond
strength is greater than the grout to steel bond, therefore the design will be controlled by the
grout to steel bond strength provided above. A resistance factor of 0.4 and 0.3 should be
applied for estimating the axial resistance of the pile in compression and tension, respectively. If
slotted piles are used it may be possible to increase the resistance factor. The grout should be
specifically designed for cold weather applications. Piles groups should be spaced a minimum
of three pile diameters apart from center to center, closer pile spacing will require reduction to
the geotechnical resistance.

A factored end-bearing geotechnical resistance of 4 MPa applied over the base area of the
steel pipe pile should be used to estimate the end bearing resistance at ULS. The geotechnical
resistance assumes the pile is set on sound bedrock and includes a resistance factor of 0.5. A
higher end bearing resistance may be possible if the discontinuity spacing of the bedrock is
observed to be >300 mm as per the Canadian Foundation Engineering Manual (Canadian
Geotechnical Society, 2006).

The lateral resistance of the pile should be estimated based on the resistance developed from
the rock socket portion of the pile; the resistance of the overburden should be neglected.

Although the proposed building additions will be heated, all piles should be designed to resist
frost jacking heaving which could develop during construction or at the leading edge piles.
Piles should be designed with a minimum bonded rock socket length of 2.5 m; the upper 2 m of
fractured bedrock should be ignored which means a minimum embedment depth of 4.5 m
below the top of bedrock. Frost heave forces should be included in the estimation of the
loading of the piles in tension. The frost heave forces should be estimated based on 150 kPa
applied over the surface of the pile within the active layer (3 m).

Geotechnical review of the design drawings and inspection of the installation of the foundation
is an integral part of the overall design process. Full time monitoring of the pile installation should
be carried out by a geotechnical engineer or a technician under the supervision of a
geotechnical engineer.

It is recommended that pile installations be carried out in spring while the active layer is sfill
frozen and air femperatures are moderate during the day. The pre-drilled hole should be at least
50 mm larger in diameter than the outer diameter of the pile. The drilled socket should be
cleaned and free of loose material and groundwater prior to placement of the grout and pile. If
groundwater and/or cave-in of soil are encountered in the socket the hole should be cased
during drilling. The pile capacity will be reduced if the hole is not free of groundwater and loose
material during grout placement.

The grout should consist of a cold weather use, high early strength, non-shrink grout with a
minimum unconfined compressive strength of 20 MPa such as Sika Arctic 100. The grout should
be mixed and placed as per the manufacturer’s specifications; the temperature of the wet
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grout, mixing water, and ground surface within the socket should be monitored to ensure the
temperature is within the recommended limits. It is recommended that a potable water source
be used for mixing with the grout. Surface melt water should not be used for mixing with the
grout. The unconfined compressive strength of the grout should be tested for at least 10% of the
piles to confirm the minimum design strength of the grout is achieved.

Immediately after placement of the grout the open ended pile should be placed in the socket.
Any deleterious material (i.e. snow, soil, grease, rust or scale, etc.) should be removed from the
piles prior to installation. The pile should be vibrated with the drill to set the fip in rock and o
ensure contact between the pile and the grout. The pile should be temporarily supported to
ensure it is plumb and centered within the drilled hole. For inclined piles downhole spacers will
be required to center the pile in the socket. The annulus space around the pile should be back
filled with sand slurry. The sand should have a maximum particle size of about 5 mm and contain
less than 10 percent silt sized particles (fines). The sand slurry should have a pore water salinity of
less than 5 ppt and be of a consistency similar to that of plastic concrete or flowing grout paste.
The temperature of the sand slurry should not exceed 10°C during placement. The drill cuttings
may be used to fill the inside of the piles above the rock socketed (grouted) portion of the pile.
However, drill cuttings should not be used fo fill annulus space between the piles and the
bedrock.

Loads may not be applied to the piles for a minimum of 72 hours after grout placement.

The site soils are fine-grained and frost-susceptible, therefore it is recommended that the upper
2.5 m of each pile, located within the anticipated active layer, be smeared with arctic grade
grease and wrapped in multiple layers of construction grade plastic to reduce the development
of frost heave forces in the piles.

The 2015 National Building Code of Canada Seismic Hazard Calculation Sheet is provided in
Appendix D.

As outlined in the 2015 National Building Code of Canada, buildings and their foundations must
be designed to resist a minimum earthquake force. In accordance with Table 4.1.8.4.A of the
2015 National Building Code of Canada the seismic site response for the site can be considered
Site Class B —rock. The site class assumes the foundations will be placed directly on bedrock.

6.3 FLOORSLAB

The construction of slab-on-grade floor slabs would require sub-excavation of the in-situ native
soil and placement of a thaw stable gravel pad beneath the floor slabs. The construction of the
gravel pad is likely cost prohibitive and could potentially impact the stability of the foundations
for the existing structures. A structural floor slab supported on piles is the preferred design. If
spread footings are proposed to support the building additions, geotechnical recommendation
for the design and construction of gravel pad and associated slab-on-grade will be required
during detailed design.

W
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The site grades around the building should be sloped away from the building a minimum grade
of 2%. The water should be directed toward ditches that drain water away from the buildings.

6.4 THAW RELATED SETTLEMENT

The ambient temperature in the building additions will be maintained above freezing, therefore
heat loss from the building will cause thawing of the soils and bedrock around and beneath the
building. Thawing of the soils and eventual development of a thaw bulb may cause settlement
if the soils are thaw sensitive; both vertical and horizontal movements could develop. The
movements could impact the performance of infrastructure in the area such as pipes, roads,
and hard surfaces. Seasonal maintenance of the impacted infrastructure and ground surface
should be expected.

Provided that the building addition floor slabs are structurally supported on pile foundations,
thaw related settlement will not impact the performance of the building.

6.5 CLIMATE CHANGE CONCERNS

Global climate modelling reported by CSA (2010) provides projected annual temperature
increases for various regions within northern Canada. Within the Igaluit region (E1) the projected
temperature change between 2011 and 2040 is anticipated to be 1.1°C in the case of
moderate green-house gases and 1.2°C in the case of a high green-house gas scenario.

The 2010 CSA Technical Guide titled “Infrastructure in Permafrost: A Guideline for Climate
Change Adaption” provides guidance on assessing the potential impacts of climate change on
infrastructure. The sensitivity of the site to climate change was assessed as “medium” and the
consequence of permafrost degradation is assessed to be “minor” assuming the foundations are
set on sound bedrock. The assessed site sensitivity and consequence suggests arisk level of “C",
which suggests a qualification review should be completed. The performance of the existing
WWTP building foundation and floor slabs should be reviewed.

6.6 FUTURE GEOTECHNICAL INVESTIGATIONS

It is recommended to complete a Geotechnical Investigation to support the detailed design.
Boreholes should be drilled into bedrock to confirm the soil stratigraphy and the depth to
competent bedrock. We recommend the following field investigation program:

e Dirill five boreholes across the site to about 7 m to 8 m below ground surface.

e Collect bedrock core samples to estimate the Rock Quality Designation of the bedrock.

o Collect soil samples within the boreholes for sieve analysis testing, soil water salinity testing,
and natural moisture content testing.

e Survey the borehole locations with respect to a geodetic benchmark to establish the
elevation of the bedrock surface within the footprint of the building addition.

e Conduct geothermal analysis to assess the impact of the proposed buildings.

W
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7.0 CLOSURE

Use of this report is subject to the Sialement of General Conditions provided in Appendix A. It is
the responsibility of the City of lqaluit who is identified as “the Client” within the Statement of

General Conditions, and its agents io review the conditions and to notify Stantec Consulting Ltd.

should any of these not be satisfied. The Statement of General Canditions addresses the
following:

s Use of the report
« Basis of the report
« Stondard of care
« Interpretation of site conditions PERMIT TO PRACTICE
e Varying or unexpected site conditions Numﬂﬁ\gz
s Planning, design or construction Signature | .
Date Q. \.D\
. PERMIT NUMBER: P 1117
RESPBC"U“Y submitted, NT/NU Association of Professional Engineers
nd Geogcientisfs
STANTEC CONSULTING LTD. LSEETHES

Sylvia Dooley, MScE., P.Eng.
Geotechnical Engineering
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Chris McGrath, P.Eng.
Associate, Geotechnical Engineering
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STATEMENT OF GENERAL CONDITIONS

USE OF THIS REPORT: This report has been prepared for the sole benefit of the Client or its agent
and may not be used by any third party without the express written consent of Stantec Consulting
Ltd. and the Client. Any use which a third party makes of this report is the responsibility of such
third party.

BASIS OF THE REPORT: The information, opinions, and/or recommendations made in this report are
in accordance with Stantec Consulting Ltd.'s present understanding of the site specific project as
described by the Client. The applicability of these is restricted to the site conditions encountered
at the fime of the investigation or study. If the proposed site specific project differs or is modified
from what is described in this report or if the site conditions are altered, this report is no longer
valid unless Stantec Consulting Ltd. is requested by the Client to review and revise the report fo
reflect the differing or modified project specifics and/or the altered site conditions.

STANDARD OF CARE: Preparation of this report, and all associated work, was carried out in
accordance with the normally accepted standard of care in the state or province of execution
for the specific professional service provided to the Client. No other warranty is made.

INTERPRETATION OF SITE CONDITIONS: Soil, rock, or other material descriptions, and statements
regarding their condition, made in this report are based on site conditions encountered by
Stantec Consulting Ltd. at the time of the work and at the specific testing and/or sampling
locations. Classifications and statements of condition have been made in accordance with
normally accepted practices which are judgmental in nature; no specific description should be
considered exact, but rather reflective of the anticipated material behavior. Extrapolation of in
situ condifions can only be made to some limited extent beyond the sampling or test points. The
extent depends on variability of the soil, rock and groundwater conditions as influenced by
geological processes, construction activity, and site use.

VARYING OR UNEXPECTED CONDITIONS: Should any site or subsurface conditions be
encountered that are different from those described in this report or encountered at the test
locations, Stanfec Consulfing Ltd. must be nofified immediately to assess if the varying or
unexpected conditions are substantial and if reassessments of the report conclusions or
recommendations are required. Stantec Consulting Ltd. will not be responsible to any party for
damages incurred as a result of failing fo notify Stantec Consulting Ltd. that differing site or sub-
surface conditions are present upon becoming aware of such conditions.

PLANNING, DESIGN, OR CONSTRUCTION: Development or design plans and specifications should
be reviewed by Stantec Consulting Ltd., sufficiently ahead of inifiating the next project stage
(property acquisition, tender, construction, etc), to confirm that this report completely addresses
the elaborated project specifics and that the contents of this report have been properly
interpreted.  Specialty quality assurance services (field observations and testing) during
consfruction are a necessary part of the evaluation of sub-subsurface conditfions and site
preparation works. Site work relating to the recommendations included in this report should only
be carried out in the presence of a qualified geotechnical engineer; Stantec Consulting Ltd.
cannot be responsible for site work carried out without being present.

Q Stantec

SEPTEMBER 2013
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Drawing No. 1 - Key Plan

Drawing No. 2 - Site Location Plan
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Borehole Records by Others
- AGRA 1998 Borehole Records
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Hill Murray & Associates Inc Contraclor: Canadrill Limited BOREHOLE NO: BH573-1
Waste Water Treatment Plant Equipment: Air Track Drill PROJECT NO: YX00573
Location: See Locaiion Plan ELEVATION:
SAMPLE TYPE .Disiurbed Z No Recovery SPT Test {N) g Grab Sample D]] Split-Pen m Core
£ STANDARD PEN (N om == £
E| goupemw |2 SOIL FIZ|  OTHER TESTS £
= 4 | a
o | puasic  MC. uQuo | s DESCRIPTION == COMMENTS &
= = * I3 | a
0B % 4o
F 0O s SAND, fine fo medium grained, brown, trace - 90
i organics, wet. :
— 1.0 - : o 1.0
- SAND and SILT, fine groined, low to non -
i plastic, grey. -
- ... FROZEN :
20 L 120
[ 39 - 1 3.0
— 40 BEDROCK, grey- oy
s i :
5.0 :—5~0
6.0 End of Borehole 1 af 5.9 m. 6.0
Borehole backfilled on completion. -
— 7.0 = 10
- 8.0 — 80
9.0 :— 9.0
AGRA Earth & Environmental Limited  [L96GED BY: k6B COMPLETION DEPTH: 5.9 m
. L REVIEWED BY: JMO COMPLETE: 10,/08/98
Yellowknife, Northwest Territories Fia_ No: = Page T o7

8/11718 TATAM




Hill Murray & Associates Inc

Contractor: Canadrill Limited

BOREHOLE NO: BH573-2

Waste Water Treatment Plant

Equipment: Air Track Drill

PROJECT NO: YX00573

Location: See Location Plan

ELEVATION:

SAMPLE TYPE  [Disturbed No Recovery SPT Test (N)  F=|Grab Sample [ [] Split-Pen [T ] core
£ STANDARD PEN (M) = ==
= TR |2 SOIL S5 OTRTSIS | E
— “ &
o | pustic M.C. uouin | DESCRIPTION 3= COMMENTS &
= ! ° ] 3 o a
10 0 30 4
P00 e e e SAND, fine to medium grained, brown, trace - 00
i organics, wel fo saturated. -
3 "0 SAND and SILT, fine grained, non plastic, . 3 = Lo
- grey. -
i ... FROZEN -
E_ 20 -:—- 2.0
[ BEDROCK, grey. -
10 — 30
— 40 o — 40
§ End of Barehole 2 af 4.1 m. -
Borehole backfilled on completion. -
L 5.0 ~:— 5.0
— 60
— 7.0
8.0
9.0
. 10.0 : ; : C 10.0
AGRA Earth & Environmental Limited L0660 BY: KG8 COMPLETION DEPTH: 4.1 m
Yellowknife North L REVIEWED BY: JMO COMPLETE: 10/08/98
ellowknite, Northwest Territories Fig. No: Pade 1 of |

9871118 {1:4TAM
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Hill Murray & Associafes inc

Contraclor: Canadrill Limited

BOREHOLE NO: BH573-3

Waste Water Treatment Plant

Equipraent: Air Track Drill

PROJECT NO: YX00573

Location: See Location Plan

ELEVATION:

SAMPLE TYPE .Disfurbed No Recovery E] ST Test {N) g Grab Sample DD Split-Pen m Core
= 3 2o —
g STANDARD PEN (N == £
£ JSTANDARD PEN (H)m 2 SOII, i OTHER TESTS £
— ” | a —
= R b DESCRIPTION 22| COMMENTS |
10 20 30 40
-0 s SAND, fine to medium grained, trace sil, [700
N low to non plastic, brown, wet fo -
3 10 salurated. » 10
... becomes fine grained, grey, FROZEN Nbn -
2.0 BEDROCK, grey. 20
i _E -
39 — 3.0
4 End of Borehole 3 af 4.0 m. - 8 40
- Borehole backfilled on completion. N
50 50
:_5_0 :-6.0
1o o
— 8.0 8.0
90 9.0
AGRA Earth & Enviro ntal Limi LOGGED BY: KGB COMPLETION DEPTH: 4.0 m
. nme . Imited REVIEWED BY: JNMO COMPLETE: 10/08/98
Yellowknife, Northwest Territories Fig. No: Poge T o7 1

9811718 1 1ATAM




Hill Murray & Associates Inc Contractor: Canadrill Limited BOREHOLE NO: BH573-4
Waste Water Treatment Plant Equipment: Air Track Drill PROJECT NO: YX00573
Location: See Location Plan | ELEVATION:
SAMPLE TYPE .Disfurbed IZ] No Recovery & SPT Test (N) g Grab Sample [[D Split-Pen m Core -
£ STANDARD PEN (N == S g
S 2 me0RYs |2 SOIL Flg| OTHERTESIS | E
e ” = a —
85 | pusTic M.C. uQuIB | DESCRIPTION 2= COMMENTS a
= t * | a S| o
10 20 30 40
Shad D R "SAND, fine to medium grained, brown, trace - 00
C N R A organics, wel to saturated. u
:_ 1.0 F 7 :~ 1.0
- .. FROZEN -
2.0 -
- SAND and SILT, fine grained, low to non -|Nbn - 20
- plastic, grey. -
3.0 — 3.0
" BEDROCK, grey. -
— 40 40
5.0 - 8 50
5 End of Borehole 4 at 5.4 m. -
Borehole backfilled on completion. N
6.0 60
7.0 .
:_5_0 :—8.0
oo — 9.0
C 0ol NN L (0.0
, - REVIEWED BY: JMO COMPLETE: 10,/08/98
Yellowknife, Northwest Territories Fig. No: Page 1 of |

981118 11472




Hill Murray & Associates Inc Contraclor: Canadrill Limited BOREHOLE NO: BH573-5

Waste Water Treatment Plant Equipment: Air Track Drill PROJECT NO: YX00573
Localion: See Location Plan ELEVATION:
SAMPLE TYPE .Disiurbed No Recovery SPT Test (N) g Grab Sample Hﬂ Split-Pen l]:l Core
. o (VS
T o a]lo —~
£ STANDARD PEN (N @ >l = &
= aMeRRY |2 SOIL EZ| OmERTSIS ) E
= [7e ] - —_
ng PLASTIC M.C. Uou | DESCRIPTION %= COMMENTS o
t & { A ;(-, ) a
10 20 30 4
A SAND, fine fo medium grained, trace - 00
gravel, brown. C
— 1.0
SAND and SILT, fine grained, low to non -
plasfic, grey, FROZEN. -
9 :“2.0
- 3.0
BEDROCK, grey. -
B o 40
5.0
End of Borehole 5 at 5.3 m. -
Borehole backfilled on completion. -
— 60
7.0
8.0
9.0
F ol o F 100
AGRA Ear‘th & Env‘ronmental lelted LOGGED BY: KGB COMPLETION DEPTH: 5.3 m
. L REVIEWED BY: JMO COMPLETE: 10/08/98
Yellowknife, Northwest Territories Fig. No: Page T of |

981718 11478



Hill Murray & Associafes Inc

Contraclor: Canadrill Limited

BOREHOLE No: BH573-6

Waste Water Treatment Plant

Equipment: Air Track Drill

PROJECT NO: YX00573

Location: See Location Plan

ELEVATION:

SAMBLE TYPE .Dis‘)urbed No Recovery SPT Test {N) g Grab Sample D]] Split-Pen I:[l Core
G ® STANDARD PEN (N) 3 <lo OTHER TESTS E
= 20 4 80 80 |= SOIL N g
— (% | a_ —
o DESCRIPTION % E COMMENTS | &
1020 30 40
- 0.0 P P SAND, fine fo medium grained, trace - 00
- gravel, rusty brown, N
— 1.0 1.0
- ... FROZEN -
:_ 2.0 E—- 20
:_ 10 :* 3.0
- BEDROCK, grey. :
4.0 — 40
- W -
5.0 — 5.0
. End of Borehole 6 at 5.6 m. i
6.0 Borehole backfilled on completion. Y
— 7.0 —70
[ 8.0 :— 8.0
:_ 9.0 —_;- 9.0
F ool F 100
H HOU LOGGED BY: KGB COMPLETION DEPTH: 5.6 m
AGRA Earth& EnVlronmen'Fal<L|m|ted REVIEWED BY: JMO COMPLETE: 10/08,/98
Yellowknife, Northwest Territories Fig. No: : Page 1 of |

98711718 11:4TAM
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Hill Murray & Associates Inc

Contraclor: Canadrill Limited

BOREHOLE NO: BH573-7

Waste Water Treatment Plant

Equipment: Air Track Drill

| PROJECT NO: YX00573

Location: See Location Plan ELEVATION: .
SAMPLE TYPE .Dis‘turbed No Recovery E] SPT Test (N) g Grab Sample DH Split-Pen m Core
£ STANDARD PEN (N & =l = £
= o STANDARD PEN { )-30 = SOIL =G OTHER TESTS =
(7] —I| a_ -
R DESCRIPTION =2 COMMENTS | &
= ! ® — 13 I o a
10 20 30 4 : :
R SAND, fine fo medium grained, trace - 00
C gravel, brown. -
1.0 10
... becomes grey to brown, FROZEN. -
— 20 — 2.0
- 3.0 30
- 40 BEDROCK, grey. 40
5.0 5.
— 6.0 End of Borehole 7 al 5.6 m. )
- Borehole backfilled on completion. -
7.0 —70
5.0 8.0
[ 99 9.0
[ ool - 10,0
A Earth & Environmental Limited  |LSGED BY: KG8 COMPLETION DEPTH: 5.6 m
AGR . L REVIEWED BY: JMO COMPLETE: 10/08/98
Yellowknife, Northwest Territories Fig. No: Page 1 of 1

96/11718 11:484K




Hill Murray & Associates Inc Contractor: Canadrill Limited BOREHOLE NO: BH573-8
Waste Waler Treatment Plant Equipment: Air Track Drill PROJECT NO: YX00573
Location: See Location Plan ELEVATION:
SAMPLE TYPE .Dismrbed Mo Recovery SPT Test (N} g Grab Sample [—_[D Split-Pen m Core
B ISTA'NDARD PEN {N) m 2 i g OTHER TESTS £
g 20 40 60 80 = SOIL | g
— © = a =
A DESCRIPTION =2 commvs | &
[ - © y 8 g P o
~10 20 30 4
e SAND and GRAVEL(FILL), brown. - 00
10 — 1.0
20 20
) GRAVEL, some sand, grey. ' 2 _ 10
40 :_40
F 13 .
5.0 -
: End of Borehole 8 ai 5.0 m. [0
Borehole backfilled on completion. -
:__ 5.0 :—— 6.0
- 7.0 :~7.o
8.0 :— 8.0
9.0 9.0
el P | L
arth & Environmental Limited L0660 BY: K68 COMPLETION DEPTH: 5.0 m
AGRAE . n L REVIEWED BY: JMO COMPLETE: 10/08/98
Yellowknife, Northwest Territories Fig. No: Page 1 of 1

98711718 11:438M




Hill Murray & Associafes Inc Contractor: Canadrill Limited BOREHOLE No: BH573-9
Waste Water Treatment Plant Equipment: Air Track Drill PROJECT NO: YX00573
Localion: See Location Plan ELEVATION:
. |SAMPLE TYPE [Elfvisturbed No Recovery DXIsPTTest () - 6rab Sample [ ][] Split=Pen (1] core
H
; — 5' E o —
£ STANDARD PEN (N m >
E| popemes |2 SOIL Flg| OMERTESIS | E
— “n = a —
B w2 DESCRIPTION =2 commvts | &
) L * 1 P7as b1 Rl [
3 1020 30 4
S SAND and GRAVEL(FILL), brown, dry to - 00
moist. .
— 1.0
- 20
GRAVEL, some sand, grey. 1 1 :_3'0
— 4.0
End of Borehole 9 at 5.0 m. :—5‘0
Borehole backfilled on completion. -
6.0
7.0
- 8.0
9.0
AGRA Earth & Environmental Limited  [LO65ED BY: k6B COMPLETION DEPTH: 5.0 m
. L REVIEWED BY: JMO COMPLETE: 10/08/98
Yellowknife, Northwest Territories Fig. No: L Poge 107 |

711718 12:11PH



Hill Murray & Associates Inc

Contractor: Canadrill Limited

BOREHOLE No: BH573-10

Waste Water Treatment Plant

Equipment: Air Track Drill

PROJECT NO: YX00573

Location: See Localien Plan ELEVATION:
SAMPLE TYPE .Disiurbed No Recovery SPT Test (N) g Grab Sample Dﬂ Split-Pen [[] Core
-t (T8
£ STANDARD PEN (N 2 &2 =
i N SOIL F|G| OTHERTESIS | E
P (%] = a_ -
0. | PLASTIC M.C. ueuid | = :
& | ™ ; e DESCRIPTION E COMMENTS &
10 20 30 40
P00 s e SAND and GRAVEL{FILL), brown, dry to - @0
[ moist. -
- — 10
- 20
-~ — 30
- GRAVEL, some sand, grey. r
— ﬂ 15 40
- 5.
- 6.0
- 7.0 - 7.0
- End of Borehole 10 af 7.0 m. u
¥ Borehole backfilled on completion. C
- 8.0 = 8.0
— 90 :— 4.0
[ ool - 100
AGRA Earth & Environmental lelted LOGGED BY: KGB COMPLETION DEPTH: 7.0 m
. . REVIEWED BY: JMO COMPLETE: 10/08/98
Yellowknife, Northwest Territories Fig. No: Page 1 of |

98/ 11718 11:4384




07/23/2004 15:26 FAX 613 225 7337 TROW OMM do1lg

Trow Borehole Log 1 N/

Project No. OTGECC017181A *
Drawing No, 2 T
Project: Addifion to Waste Water Treatment Plant
g SheetNo, 1 of 1 rﬂw

Location: lgaluit, Nunavut

SpliL Spoon Ssmpla = Combustible Vapsur Reading )
> - Auger Sample m Natural Molstura CGonlent x
Date Drilled: May 31st, 2004 SPT (N) Value o Atterberg Limils —5
Drill Type:  Manual Dynamlc Gong Test _— Uneltsined Trisxial at @
Shalby Tube " % Slraln al Fallura
: il Shear Sleeagth by
Datum Geadefic 32‘;';'%‘;?"“‘" by 'é' Penelromelar Tesl A&
$ Blandard Panelrallon Tasl N Valug Combugtible Vapour Reading (ppr) & Natural
& SOIL DESCRIPTION ceon B 0w @ m 0 T80 Ml Unit
g m E Bhaer Slrength ¥Pa | Allgroerg Mm'm, (%%w \‘\Vslé%t) E fﬁigqt
5.00 A 50 1mr7émep 260 92 En) 3 i
ELL - . M I R i A
8.5
|1 FSANDYSILTTOSITLYSAND Fineto
FI| medium gravel, some organics and organic
1141 odeurs in upper levels, some roots,- ] .
I oceazgional silty clay seamns, grey to black,
rnoist to wel.
T | s
SERO ;| 3
T 1 4
:: 1= — 8
.l' [ '_ 1 1_2
Fine to medium
grained, striated, pink to grey, fracturad  — §
with minaralization along fractures, (very
poor to good quality).
L. — 7
- Lraapin
Q g 1=
§§ i For Core Drilling Recard please refer to
.l H- Shest 2 of 2 of Drawing 2.
alE - — B
28
i gu
Sl i . :
FIHE _ 23
4 Borehole terminated at 9.2 m
<
£
x
]
E
2 NOTES:
3| 7.Borehol data requires interpratation assistance fron WATER LEVEL RECORDS CORE DRILLING RECORD
g Trow befere use by olhers Elapsed Water Hole Open Run Dapth % Rec. ROD %
%12 A 13 mm slotted siandplpa and thermisters at regulay Time Lavel (m) Tom} No, )
% Intervalz were Inelalled in Borehola Completlon 76 B2m
T
g 3,Field work supsrvised by & Trow representative
g 4. 8es antas on sample descripllons.
& 5, This Drawing to be read with Trow Associates Ing.
91 mpont QTGEOONTISIA




07/23/2004 15:26 FAX 613 225 7337

¥ Trow

Core Drilling Record

TROW OMM

Dwg No. 2
Sheet 2 of 2

BH 1

Run No. Depth (m) | % Recovered RQD %
1 577 10 6.96 26 T 0
2 6.96 o 7.04 &7 0
3 7.04 {0 7.32 86 0
4 7320747 75 0
5 7471078 a1 41
6 7810 8.08 64 0
7 8.08 to §.23 100 0
8 8.2310 8.36 80 ]
9 8.36 1o 8.46 100 0
10 8.46 to 8.54 67 0
g 8.54 {0 8.92 a0 aQ
12 89210 9,17 100 85

@oz20



07/23/2004 15:26 FAX 613 225 7337 TROW OMM do21

Trow Borehole Log 2 \_llf

Project No.  OTGE00017181A

Drawing No. 3
Project: Addition to Wagle Water Treatment Plant T "w
} : SheetNo. 1 of 1 r
Loeation: Igatuit, Nunavii
Splll Spoon Sample & Combustible Vapour Reading 0O
T Auger Sample 1] Matural Maiswee Canlenl
Date Drilled: June 3rd, 2004 SPT {N) Velua [) Alarbarg Limils | —1]
- " Dynemic Gone Test — YUndrained Triaxial al
Drill Type:  Manuel Shally Tube ] % Slrsiin at Failure
. Shear Strenglh by
Datumn; Geodetl 32?1\? ?cﬁf”g"‘ by % Prrelrometer Teal A
Bianoard Penchmlion Teal M Vae | Combustois Vapowr Reading [pp
Natural
ol S0IL DESCRIFTION mowon B 0 4w w et T M) Uil
¥ § m E Thesr SrEngh TEa|  Atleror Limis (3 Dry Weight) | L Welaly
. _lB40 a B0 o 150 200 10,20 0|8
it I Dceasional for 130 i B I SN IR
roots, some Grganics, organic odours in
upper levels, grey to black, (moist). — ]
e T
' — 2
. 3 .....
— 4
- 5 |
o7 |
GRANIE BEDEQCK, Medium to fine n
|_grained pink, some feldspar and quartz, _| 8
iny some amphiboles, (very poor 1o axcallent |
quality).
B N . |
H For Core Drilling Record please refer to
5 0 Sheet 2 of 2 of Drawing 3. |
5':1 R. — —-1.2
% Borehole terminated at 7.6 m
£
£
5
5
-
I
[}
g
ey
E
3 NOTES:
5 1.Borehole daty roguires inletpretation asslstance fmlJ! WATER LEVEL RECORDS CORE DRILLING RECORD
£ Trow before use by others EiEpead Water Hele Open Fon [ Depih % Rec. RQD %
2.A 13 nm slatted atandpipe and thermisiers at reoulay T“'“B_ Level (m) To (m) No. (rm)
intorvals were instalied iy Bocehole omplalion ! o m
g interval installed i Barehol Complal 0.0 782
=
2 3.Fleld work supervised by 8 Trow raprescntative
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b Sheet 2 of 2
-r-Tl'OW e
Core Drilling Record

BH 2

Run No. | Depth (m) % Recovered| RQD %
1 5.66 to 5.74 100 0
2 5.74106.23 66 53
3 6.23 to 6.38 100 100
4 6.38 10 6.86 96 96
5 6.86 10 7.34 86 63
5 73410 7.62 77 77
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BH3
Run No, Depth (m) 1% Recovered| RQD %
1 20310 2.11 100 0
2 24110239 100 0
3 23910 2.59 a4 0
4 25910 2,79 100 0
5 27910 2.84 75 0
6 284 o 3.02 100 0
7 3.0210 3.33 20 54
8 33310347 86 0
g 3.47 i0 363 35 0
10 36310376 80 0
11 3.76 10 3.99 79 0
12 399t 4.14 75 0
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Dwg No. 5
Sheet 2 of 2
¥Trow
Core Drilling Record
BH 4
[Run No. | Depth (m) __ | % Recovered] RQD %
1 2.87 to 2.97 100 100
2 2.97 10 3.15 93 82
3 3.15 10 3.53 100 80
4 353 0 3.98 100 100
H 3.98104.24 a0 81
8 42410 4.29 88 0
7 4.29 1o 4.50 o4 54
8 4.60 o 4.75 92 0
9 47610 4.80 100 0
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2015 National Building Code Seismic Hazard Calculation

INFORMATION: Eastern Canada English (613) 885-5548 framgais (613) 885-0600 Facsimile (613) S92-6636
Western Canada English {250) 363-6500 Facsimile (250) 363-6565

Seplember 12, 2016
Site: 63,7459 N, 68.5391 W LUzer File Reference: |galuit Waste Water Treatment Plant

Requested by: Sylvia Dooley, Stantec Consulting Lid.
Mational Building Code ground motions: 2% prebability of exceedance in 50 years (0.000404 paer annum)

Sa(0.05) Sal0.1) Sa(0.2) Sal03) Sa(0.5) Sa(1.0) Sa(2.0) Sal5.0) Sa(10.0) PGA(g) PGV (m's)
0.065 0082 0088 0075 0084 0042 0022 00058 00026 0051 0.054

MNetes. Speciral (Sa(T], where T is the period in seconds) and peak ground accaleration (FGA) values are
given in units of g (3.81 m/s%). Peak ground velocity is given in m/s. Values are for "firm ground" (NBCC
201% Site Class G, average shear wawe valocity 450 m's). NBCSC2015 and CEASE-14 valuse ara spacifiad in
beld font. Three addilional pericds are provided - their usa is discussed in the NBCC2015 Commentary.
Only 2 significant figures are 1o be used. These values have been inferpolated from a 10-km-spaced grid
of paoinfs. Depending on the gradient ef the nearby points, values at this lecalion calculated direcily
froni the hazard program may vary. More than 85 percent of inferpolated valuves are within 2 percent
of the directly calculafed values.

Ground motions for other probabilities:

Probability of excesdance par annum 0.010 0. 0021 0. 001
Probability of excesdancs in 50 years 4075 1074 5%
Sal0.05) 0.00a8 0. 024 0. 03
Sald) 0.01% 0. C3a 0. 054
San.2) 0.7 0.040 0. 056
Sai0.3) 0.0 0.0av Q.05
Sald.g) a.014 Q.03 0.045
Sai1.a) 0.0078 Q.02 0. 030
Salz2.0] 0. 00326 0.0Mm 0.0
Sai5.0) 0. 0008 0.0024 0.0037
Sai10.0) 0. 0005 0.0011 0.0016
PGA 0. ooa2 Q. 021 Q.03
PGEY 0. 0026 0. 024 0. 03
References

National Building Code of Canada 2016 NRCC no. BE190;

Apperdix T Table C-3, S=ismic Design Data for Selected Locatiors n oy

Canada

User's Guide - NEC 2015, Structural Commentaries NRACC no.

EXENEK {in preparation)

Commantary J: Design for Seizmic Effects

Geological Survey of Canada Open File 7823 Filh Gensration

Seismic Hazard Model far Canada: Grd walues of me=an hazard 4o b=

used with the 201 & Mational Buikdirg Cade of Canada

S the websies wew EavifaquakesCanada ca aas'M |-

and www_naficnaioodes oa lor more infomatian

Aussi disponible en frangals

I*I Matural Aesources Ressources naturelles
Canada Canada
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