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AGRA Earth &

@ A G R A Environmental Limited
. " 221 - 18th Street SE
Earth & Environmental Calgary, Alberta
Canada T2E 6J5
Tel (403! 248-4331
Fax (403) 248-2188

February 7, 1995
YX00409

UMA Engineering Ltd.
17007 - 107 Avenue
Edmonton, Alberta
T6S 1G3

Attention: Mr. K.R. Johnson, P.Eng.

Dear Sir:

RE: Geotechnical Evaluation - Igaluit Trunk Sewer

1.0 INTRODUCTION

This letter report provides a geotechnical evaluation and associated recommendations with
respect to the replacement of existing sewer lines and the installation of new sewer lines in
Iqaluit, N.W.T. The scope of work for this study was given in a proposal to UMA Engineering
Ltd (UMA), by AGRA Earth & Environmental Limited (AEE), dated November 30, 1994.
Authorization to proceed with the study was recsived on January 4, 1995.

The scope of work of the study was to include:

. review subsurface conditions along the sewer main routes, with particular emphasis
to those areas containing new construction;

. provide geotechnical recommendations with respect to sewer installation, backfilling
and related issues;

s provide consultation during construction regarding site specific issues.

This letter report addresses the first two items of the scope of work.
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2.0 SITELOCATIONS

There are two areas within the Town of Igaluit in which sewer construction will take place,
as shown on Figure 1. The new construction of sewers is to be performed along Apex Road,
near and to the east of the intersection of Ring Road. Approximately 150 m of new sewer
trunk is to be installed.

The second area, consisting cf removal of old sewer lines and replacement, is along Apex
Road in the Lower Base area, between Access Vaults (AVs) 205 and 206, between AVs 207
and 208, and between AVs 209 and 211. Approximately 170 m of sewer line is to be
replaced.

3.0 GEOTECHNICAL CONDITIONS

AEE undertook a review of existing geotechnical information available in our files for the Iqaluit
area. Borehole logs were obtained from five AEE projects. A site plan (Figure 1), showing the
borehole locations is attached, and the borehole logs relevant to the present project are
provided in Appendix A. Borehole logs for project YX00377 have not been provided, as this
work was undertaken for a private client.

3.1 APEX ROAD - NEW CONSTRUCTION

In the area of new sewer line construction, 11 boreholes were reviewed to evaluate the
subsurface conditions. Most of these boreholes were drilled for the purpose of roadway
evaluation, and may not be on the sewer line alignment. Therefore, some variation in
subsurface should be expected.

The borehole logs for the construction east of Ring Road varied in depth from 1.85 m to
5.7 m. All the boreholes indicated a gravelly, brown sand with little to no silt, and the
occasional cobble and boulder. In one borehole, bedrock was indicated at a depth of 1.85 m,
although it was not proven by drilling.

The boreholes logs available for the new construction west of Ring Road provided
geotechnical information from depths of 2.4 m to 5.1 m. All the boreholes indicated a
gravelly, brown sand with little or no silt and the occasional cobble and boulder. In one
borehole, bedrock was encountered at a depth of approximately 2.9 m. In this location, the
rock was penetrated to a depth of 2.2 m before termination. Boreholes drilled on either side
of this borehole did not encounter bedrock, but they were only drilled to depths of 2.4 m and
2.6 m respectively, and may not have been deep enough to encounter bedrock.
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3.2 APEX ROAD - LOWER BASE: SEWER REPLACEMENT

In the area of the sewer line replacement, 11 boreholes were available for review of
subsurface conditions. It should be noted that most of the boreholes were restricted to the
north end of the alignment, with only two of the boreholes located at the south end. The
middle area had no available borehole data. The available boreholes were drilled to depths
ranging from 1.7 mto 11.6 m.

The subsurface conditions in those areas previously investigated, consisted of a mixture of
sand, silt and gravel. The silt content increased along the south westerly portion of the site.
Bedrock was not reported in any available borehole logs, although it is known that the bedrock
surface is very uneven and it is possible that bedrock may be present near the ground surface
at locations between the existing boreholes.

4.0 RECOMMENDATIONS

The performance of buried sewer lines in cold climates, such as Iqaluit has been problematic
in the past number of years. The main issue is one of pipe collapse, rendering the sewer pipe
ineffective and necessitating replacement. AEE in consultation with others have studied the
phenomenon of sewer pipe collapse and prepared draft guidelines (ref: Draft Guidelines for the
Remediation of Collapsed HDPE Sewer Pipes in Iqaluit, prepared for Municipal and Community
Affairs, Government of the Northwest Territories) for the installation and construction of these
services. The recommendations provided below have been extracted from those guidelines,
with reference to the requirements of this project.

It should be noted that all causes of HDPE pipe collapse have not been identified. In many
cases the problems are still being investigated and final "fail-safe” design and construction
techniques have.yet to be developed. The recommendations contained herein represent the
present level of understanding of the problems and potential solutions.

4.1 PIPE SPECIFICATION

The recent study on sewer pipe failures has shown that HDPE Series 45 and 60 are readily
susceptible to collapse. It is believed that stronger pipes, such as Series 80 and 100 will
perform better. However, it should be noted that even Series 100 sewer pipe has been
reported to have collapsed after about 10 years of service.

At this time, and in consideration of the other recommendations provided, it is suggested that
where suitable conditions permit, Series 80 HDPE pipe may be used, and in all other cases,
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Series 100 HDPE pipe should be used. For the purposes of this decision, suitable conditions
may be taken as the following:

o depth of burial of greater than 3.5 m, or board insulation provided

J trench construction in accordance with recommandations provided herein,

J backfill specifications and placement in accordance with recommendations
provided herein,

o unrestricted access for future repairs, if necessary.

4.2 BURIAL DEPTH

It is recommended that the minimum depth of burial for sewer pipes be greater than 3 m. This
is intended to reduce the influence of seasonal thawing processes acting on the pipe and pipe-
zone backfill.

Where the depth of burial can not be maintained greater than 3 m, rigid board insulation
should be provided over the pipe-zone to inhibit seasonal thaw around the pipe. Details of
insulation are discussed below.

4.3 PIPE ZONE AND GENERAL BACKFILL

Where ice-rich or silty soils are encountered within 0.5 m below the specified pipe base, it is
recommended that the trench be over-excavated to at least 450 mm below the base of the
pipe, and laterally from the sides of the pipe, as shown on Figure 2. At transition zones
between non ice-rich or non silty soil (stable) and ice-rich or silty soil, the over-excavation
should be graded into the stable material at a slope of 3H:1V. The over-excavated material
should be replaced with pipe zone fill, as described below.

The placement of select material in the pipe zone beneath, arcund, and above the pipe is
shown in Figure 2. It is recommended that the pipe zone material extend at least 350 mm on
each side of the pipe and to at least 300 mm over the pipe.

The pipe zone material for dry trench conditions should consist of well-graded, natural sand
and/or fine gravel with a maximum size of 10 mm and less than 10 percent by weight passing
the 75 um sieve. Suitable gradation limits are provided below:

@A GRA
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Sieve Size (mm) Per Passin
10 100
4.75 55-100
2.00 30-100
0.425 10-50
0.075 0-10

For very wet trench conditions, a coarser ma;erial may be preferable. It should consist of
well-graded, rounded to sub-rounded, natural gravel with a maximum size of 50 mm, and less
than 8 percent by weight passing the 75 um sieve. Suitable gradation limits are provided
below:

ieve Si Percent Passing
50 100
40 85-100
20 50-70
10 25 - 50
4.75 15 - 40
2.0 10- 25
0.425 3-12
0.075 0-8

Other gradations may be suitable, but should be subject to approval by the geotechnical
engineer. The pipe zone material should not be a crushed rock.

Backfill placed under and around the pipe should be placed in 150 mm lifts and compacted to
about 90 percent of Standard Proctor maximum dry density. Extreme care should be used in
compaction of fill within the pipe zone. Heavy compactive effort within the pipe zone may
induce unacceptable stresses in the pipe.

4.4 INSULATION

Where less than 3 m burial depth is available as recommended above, insulation may be usied
to restrict the influence of seasonal thaw on the pipe zone fill and pipe.

Where insulation is required, it is recommended that it consist of Styrofoam HI40, or
equivalent. It should be at least 50 mm thick, and placed at least 1 m below final grade. It
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should be at least 2440 mm in width and centred of the pipe. The insulation should be
bedded on at least 150 mm of fine sand (as defined above for pipe bedding), and covered with
a similar amount to provide protection from sharp objects and projections.

4.5 ACCESS VAULTS

There have been numerous problems with the AVs in lgaluit, including some problems that
have occurred subsequent to the preparation of the Draft Guidelines, that the consultant
should obtain details should be aware of.

Access vaults (AVs) are typically prefabricated, insulated metal units, installed at least 0.5 m
below the base of the pipes. It is expected that most of the AVs will be founded on
permafrost, consisting of granular soils. The typical temperature of the AVs will be in the
order of 5 to 10°C, which is controlled by the sewer temperature.

Although the base of the AVs typically contain insulation, duse to the above freezing ambient
temperature, some |long-term thaw will likely develop. Therefore consideration of the soils
underlying the AVs is required.

Where ice-rich or silty soils are encountered at the base of the AV excavation, the subgrade
should be over-excavated to the base of these soils, or to at least 450 mm, and at least 300
mm radially from the edge of the vault. Pipe zone backfill, as defined above, should be
compacted in the over-excavated area. Compaction of this material should be to at least 95
percent Standard Proctor maximum dry density.

Where the underlying soils are noted to be non ice-rich and non silty, a minimum of 150 mm
layer of compacted bedding, as previously defined, should be placed to provide a stable
foundation for the AVs. :

The remainder of the vault excavation should be backfilled with bedding sand, compacted to
at least 95 percent Standard Proctor maximum dry density.

4.6 OTHER ISSUES
The following issues should be considered with respect to design and construction:
J The sewer pipes should be provided with as high a gradient as possible to reduce the

risk of back-grading in the event of local settlement, and to reduce the "residence
time" of water within the pipe.

BarcrA
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. Although the review of the available geotechnical information did not identify any large
areas where bedrock or large boulders are present, the terrain of the Iqaluit area is
highly variable and such occurrence should be expected. Particularly in the new
construction area, blasting may be required to achieve the specified depth for the pipe
or AVs.

. The recommendations contained in this report are the result of the referenced study,
but have as yet not been verified by field trials. It is recommended that the sewer
installations be instrumented to assess the effectiveness of the design and construction
techniques. Further recommendations with respectto instrumentation may be provided
on request.

J The geotechnical aspects of the final design drawings and specifications should be
submitted to a geotechnical engineer for review and comment. This is to ensure that
the design and proposed construction details are consistent with the recommendations
contained in this report. Construction review, and quality control and quality assurance
should be performed by suitably qualified personnel.

5.0 CLOSURE

We trust this information is sufficient for your present needs. If you have any questions, or
if AEE may provide review or testing services during other phases of this project, please
contact our office.

O ArGRrRA
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Yours truly,

AGRA Earth & Environmental Limited

James M. Oswell, Ph.D., P.Eng.
Senior Geotechnical Engineer

:’l- SSOCIATION OF |
, AL :Sb".)NAL ENGINZERS,
i GEOLCGISTS and GEOPHYSICISTS
OF THE HORTHEST TERAITORISS |
FERMIT NUMBER |
P 047 l
|
f

" - AGRA Earnth &
C
é{ N D MA\_——/&' i Environmaniat Liritad

Alan J. Hanna, M.A.Sc., P.Eng. o
Manager, Northern Operations

Reviewed by

attachments

PERMAFR\YX00408.J0
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SHELL PIPELINE — IQALUIT, N.W.T. ‘ ORILLING METHOD: ~ AIR TRACK 150 mm BOREHOLE No. 33014
IQALUIT, N.W.T. CONTRACTOR: CANADRILL UMITED Project No: YX00330
LOCATION:PIPEUNENORTH SIDE OF AIRPORT ELEVATION 0.00 (m)
SAMPLE TYPE [l DISTURBED AsHear uge X sPT savpLE B A-casinG NO RECOVERY CORE
_—— o [ —_—
E SOIL = Z| OTHERTEST |ZE
= usc == =
By [Pusm  wo  ouo DESCRIPTION 33 COMMENTS &
102 30 40
. P 4 GRAVEL and SAND 0.0
L ] GP ; L
-0 T SAND and SIT i !0
il — brown, damp
:il — frozen ot 1.5 m i
—greyat2m o : 20
-~ moist
. 3 ~3.0
WP$200 3-3.5 m = 43%
Salinity 3-3.5 m = 11 ppt
. 4 —4.0
~ trace gravel at 5 m s o0
6.0
. 6 ~7.0
. 7 8.0
End of Hole ot 9 m below grade in sit and 30
sand. Hole dry on completion.
HBT AGRA Limited COMPLETION DEPTH 9.0 m COMPLETE 92/11/18
Calgary, Alberta LOGGED BY JLA DWG NO.12 Page 1 of 1




SHELL PIPELINE — IQALUIT, N.W.T. DRILLING METHOD: ~ AIR TRACK 150 mm BOREHOLE No. 330-15
IQALUIT, N.W.T, CONTRACTOR: CANADRILL LIMITED Project No: YX00330
LOCATION: ADJACENT TO BULK STORAGE YARD ELEVATION 0.00 (m)
SAMPLE TYPE [l DISTURBED [Jsueay tuge  [X] SPT SAMPLE 5 A-CASING NO Recovery (] core
— LJ () P
£ SOIL = Z| OMERTEST |E
= USC =1 =
B[P Me e DESCRIPTION =k COMMENTS &
102 30 40
v RN EE g FILL 00
¢ — sandy, gravelly, silty
_ ;: P R3S u
: 1
0 " TSAND and ST ‘u 2 -
~ fine to medium grained
= : — brown =
- frozen ot 1.2
- grey, dry to domp
20 — gravel and cobble sizes at 1.3 m 2.0
3.0 3 3.0
N | . n
WP§200 3-3.5 m = 41%
40 | g 4.0
WPH200 4—4.5 m = 447
- , ..... FR. g ..... Sﬂllmty 4_4.5 ms= B Ppt -
5.0 5P-S 5.0
6.0 W -6.0
7.0 . . g 7.0
_8.0 ..... ) .............. - 8 ..8.0
i i Salinity 8-9 m = 14 ppt [
3.0 il “[End of Hole ot 3 m below grade In sand and 90
silt. Hole dry on completion.
10.0 5 10.0
HBT AGRA Limited COMPLETION DEPTH 9.0 m COMPLETE 92/11/18
Calgary, Alberta LOGGED BY JIA DWG NO.13 Page 1 of 1




REINDERS NORTHERN LIMITED ROAD IMPROVEMENTS ‘ BOREHOLE No: 1
E MUNICIPALITY OF IQALUIT Project No: EA12109
TRUCK MOUNTED PIUNG RIG {500 mm Dia.) NORTHWEST TERRITORIES ELEVATION: 19.50 (m)
SAMPLE TYPE [l Shelby Tube No Recovery [X] SPT Test (N) = Grab Sample Spiit-Pen [1] core
— 3 , &l o —_
;E, B STHARD PEN (N):0 ;-53 SOIL fi = = OTHER TESTS E
— w o' | = =
B mec w2 DESCRIPTION 225 comems | b
.' 2 _4« 0w | B
0O [ FILL, SAND, gravelly, silty, medium 00
grained, poarly graded, light brown
moist, medium dense
R SAND, gravelly, silty, medium grained L] i
poorly graded, light brown, wet, loose =
seepage and sloughing |
1,0 [ s } -1.0
slight organic smell at 1.0 m
Y B Y
20 End of Hole of 20 m .
Frozen below 2.0 m
W.L ot 1.7 m at drilling completion
30 |- ; ~3.0
4.0 4.0
50 50
HBT AGRA Limited T o PN O 20
Edmonton, Alberta Fig. No: 1 Page 1 of 1




REINDERS NORTHERN LIMITED ROAD IMPROVEMENTS BOREHOLE No: 2
MUNICIPALITY OF IQALUM Project No: EA12109
TRUCK MOUNTED _Pll.iNG RIG (500 mm Dia.) NORTHWEST TERRITORIES ELEVATION: 19.60 (m)
SAMPLE TYPE [MIShelby Tube  [/] No Recovery SPTTest () = Grab Sample Split-Pen [T core
£  STANDARD PEN {N) 8 3 =E OTHER £
Tl % w0 0w |3 SOIL E W g TESTS £
(2] -
A DESCRIPTION 225 commm | §
S| . 1|3 3| & =
204 60 8
00 : PTIT| SAND, gravelly, silty, medium grained 00
PTIL| well graded, brown, maist, medium dense
? s =3
ol o = b
1
T
32
T
-.0¥ (" -1.0¥
a4 —
:::": clayey, wet, loose = 6
_ u 5
B
End of Hole ot 1.7 m (Frozen beyond 1.7 m)
W.L. ot 1.0 m at drilling completion
-2.0 2.0
-3.0 3.0
4.0 ~4.0
!
50 50
P LOGGED BY: JA COMPLETION DEPTH: 1.7 m
HBT AGRA Limited REVIEWED BY: COMPLETE: 13/09/91
Edmonton, Alberta Fig. No: 2 Poge 1 of 1




REINDERS NORTHERN LIMITED

ROAD INPROVEMENTS

BOREHOLE No: 3

MUNICIPALITY OF IQALUIT

Project No: EA12109

CANADRILL AIR TRAC (165 mm Dia.) NORTHWEST TERRITORIES ELEVATION: 19.70 (m)
SAMPLE TYPE [l Shelby Tube NoRecovery  [XJSPTTest(N) = Grab Sample Spiit—Pen {11 core
£ — £
£ 2SWOND PEX () § SOIL = ; = OTHER TESTS £
[ ]| o —
B e w /g DESCRIPTION 535  cmaws |
20 40 60 B
09 ASPHALT CONCRETE (25 mm) 1 00
FILL, SAND, gravelly, well graded, brown,
damp, medium dense
- L
¢ E G égé gg‘?’
— 2% Fines
1.0 SAND & GRAVEL, silty, fine grained, brown n 10
’ T domp, medium dense = '
= . E 3 L
sand seam 200 to 400 mm thick
2.0 -2.0
{ wet
L 1 frozen below 2.4 m i
L 1 E GA
End of Hole at 2.80 m
30 Trace of water ot drilling completion 30
4.0 4.0
50 P 50
S LOGGED BY: JA COMPLETION DEPTH: 2.4 m
HBT AGRA Limited REVIEWED BY: COMPLETE: 16/09/91

Edmonton, Alberta

Fig. No: 3

Page 1 of 1




REINDERS NORTHERN LIMITED ROAD IMPROVEMENTS BOREHOLE No: 4
MUNICIPALITY OF IQALUIT Project No: EA12109
CANADRILL AIR TRAC (165 mm Dia.) NORTHWEST TERRITORIES ELEVATION: 19.60 (m)
SAMPLE TYPE [l Shelby Tube No Recovery SPTTest (N) = Grab Sample Split-Pen (1] core
— 3 &l o <
f asm (N);n g SOIL E ; :E: OTHER TESTS ;E,
— w ~lata [
a- | pusne MC. Laue | — &l s a
e we el DESCRIPTION S5 o | g
X _#0_80__®
04 I ASPHALT CONCRETE (50 mm) 03
FILL, SAND, gravelly, silty,medium grained
oorly graded, brown, moist, dense
SAND, gravelly, medium grained, well =
B b g graded, brown, moist, medium dense =k B
1.0 wet 1.0
R freewater, cobbles = o i
¢ =[
2.0 ﬁ -2.0
frozen at 2.4 m
N End of Hole at 2.4 m i
Trace of water ot drilling completion
~3.0 -3
4.0 4.0
50 5 50
LI LOGGED BY: JA COMPLETION DEPTH: 2.4 m
HBT AGRA Limited REVIEWED BY: COMPLETE: 16/09/31
Edmonton, Alberta Fig. No: 4 ' Page 1 of 1




REINDERS NORTHERN LIMIED ROAD IMPROVEMENTS BOREHOLE Neo: §
E MUNICIPALITY OF IQALUIT Project No: EA12109
CAMADRILL AIR TRAC (165 mm Dia.) NORTHWEST TERRITORIES ELEVATION: 20.20 (m)
SAMPLE TYPE [ Shelby Tube No Recovery SPTTest (N)  E5 Grab Sample Split-Pen [T] core
E ST |~ £
£ B ST PEN (N) § SOIL E’j 5|2 OTHER TESTS —
— -f Q| o [~
A DESCRIPTION 5315 ouevs | §
20 4 0 8
0.0 o ASPHALT CONCRETE (25 mm) 00
FILL, SAND, gravelly, well graded, medium -
v gruined, dark brown, damp, loose to medium = 61
dense -
- ‘s a4 SAND & CRAVEL, poorly groded, medium B
:“'4 grained, brown, moist, loose
X
) =
9 441 =k 18% Gravel
1.0 N wet — 80% Sond 1.0
44 1 2% Fines
441
[tad
X
44 ¢ e
449 =
- a0 =L 5
1 s 44 freewater =
Y
a4
Y
449
Y
~2.0 1A 4‘: == 2.0
49 =
0h e frozen at 2.1 m = “
a4¢
x)
845
4
444 n
ry
X}
44 ¢
End of Hole at 2.7 m
Trace of water ot drilling completion
~3.0 -3.0
4.0 R - -4.0
50 B X 50
TirmA LOGGED BY: JA COMPLETION DEPTH: 2.7 m
HBT AGRA Limited e CMPLEIE. 16651
Edmonton, Alberta Fig. No: 5 Poge 1 of 1




REINDERS NORTHERN LIMITED

ROAD INPROYEMENTS

BOREHOLE No: 10

MUNICIPALITY OF IQALUIT

Project No: EA12109

CANADRILL AIR TRAC (165 mm Dia.) NORTHWEST TERRITORIES ELEVATION: 37.90 (m)
SAMPLE TYPE [l Shelby Tube No Reccvery DXsPTest () 5 Grab Semple Spiit-Pen ] core
— > alo .
;E’ 2:sw4n€mpg{u)|;n g SOIL E ; g OTHER TESTS ;:E,
— o | a —
G v w ) DESCRIPTION 5215 cosmws | f
20 40 508
B0 ; ASPHALT CONCRETE {50 mm) 1 o
FILL,SAND, gravelly, silty, well graded,
brown, domp, medium dense
222 gravel
- prep( SAND, gravelly, silty, well graded, medium =[ Zng:;g's‘d .
: : grained, brown, damp, loose .
i L
2alad _ﬁ 62
_"0 DODD e ~1.0
PPPP
) 22l
PPPO
DFP’
PPPD
B POPD i
pOOHD
OOLHD
24ad
222d
el
20 [ i 20
PTLL| SAND, silty, poorly groded, fine to medium —! 63
[[1T| grained, brown, damp, loose ;
| End of Hale at 2.4 m, Due to No Recavery B
of cuttings beyond 2.4 m (due to sloughing
sand
3.0 ~3.0
4.0 4.0
5.0 : 5.0
B UG LOGGED BY: JA COMPLETION DEPTH: 2.4 m
HBT AGRA Limited REVIEWED BY: COMPLETE: 16/09/1
Edmonton, Alberta Fig. No: 10 Page 1 of 1




REINDERS NORTHERN LIMMED ROAD IMPROVEMENTS BOREHOLE No: 11
MUNICIPALITY OF IQALUIT Project No: EA12109
CANADRILL AR w155 mm Dia.) NORTHWEST TERRITORIES ELEVATION: 39.60 (m)
SAMPLE TYPE [l Sheiby Tube [/ No Recovery DAsPrmest ) B Grab Semple Split-Pen Core
—_ = &l o
£ . —_
£| gowgwmnn (g SOIL i—:; = OTHER TESTS ;E:,
= (%] 2 - = =
= el - DESCRIPTION SH COMMENTS 3
20 40 80
30 ASPHALT CONCRETE (50 mm) / o
(T FILL, GRAVEL, sandy, well graded, medium
\groined, brown, domp, medium dense l |
ptor| SAND AND GRAVEL, silty, well graded, —
e [I}| medium grained, brown, damp, loase =k :
DROD ;
i A
i =[]
1o s ~ o
=l
i i i
el
1 =Y
L BEDROCK /
20 End of Hole ot 1.85 m 20
No accumulation of freewater or slough
material ot drilling completion
..3'0 ............ _3.0
4.0 4.0
50 : 50
- LOGGED BY: JA COMPLETION DEPTH: 1.9 m
HBT AGRA Limited REVIEWED BY: COMPLETE: 16/09/91
Edmonton, Alberta Fig. No: 11 Page 1 of 1




REINDERS NORTHERN LIMITED ROAD IMPROVEMENTS BOREHOLE No: 12
MUNICIPALTY OF IQALUIT Project No: EA12109
CANADRILL AIR TRAC (165 mm Dia.) NORTHWEST TERRITORIES ELEVATION: 43.90 (m)
SAMPLE TYPE [l Shelby Tube No Recovery  [X]SPTTest (N) = Grab Somple  []]] SpitPen ] core
G 2 =E G
£ swin PRl (8 2 SOIL E 5|2 OTHER TESTS £
- w = (=% [
A DESCRIPTION 555 owmw | B
—20 40 80 B
00 BEEE ASPHALT MODIFIED GRAVEL (12.5 mm) 09
Skt FILL, GRAVEL, sandy, silty, well graded L
pepp|\medium_grained, brown, medium dense, damp l =
ITL| SAND, gravelly, silty, well graded, medium =
IR 0 N : bbeo| grained, brawn, damp, loose, organic i
PpPe! inclusions
ﬂll)
el
DIWD
19 T PTLL| organic inclusions 190
PPPP
L
pelo]
B prrp| clayey, wet B
o)
s
bobh
BP0 =
-20 i 20
e
2aad
l el
EEAEENEREEEN o i
peseed
End of Hole at 2.7 m
No Recovery of cuttings beyond 2.7 m due
10 to sloughing sands 30
- L
4.0 | edenbondondinbndenden i i, 4.0
so | P | 50
Sl [LOGGED BY: JA COMPLETION DEPTH; 2.7 m
HBT A RA lelted [REVIEWED BY: COMPLETE: 16,/09/91
Edmonton, Alberta {Fig. No: 12 Page 1 of |




REINDERS NORTHERN LIMITED ROAD IMPROVEMENTS BOREHOLE No: 15 ]
i MUNICIPAUITY OF {QALUIT Project No: EA12109
CANADRILL AIR TRAC (165 mm Dia.) | NORTHWEST TERRITORIES ELEVATION: 62.50 (m) ,
SAMPLE TYPE [l Sheiby Tube No Recovery D sPT Test (N) E5 Grab Somple Spiit-Pen [T core l
E| aswowrmps |2 2E OTHER TESTS | £
; 20 40 B0 B0 = SOH“ E - | § ; I
— w | & —
e w el DESCRIPTION 235  cowmms | g
0 90 0 _® |
00 | ITIT[ SAND, gravelly, silty, medium grained, [ X
([T light brown, damp, medium dense |
1 i =K
1614
- ; el B
i popD
PRl
2 2ad
<aad
pado —
B boob — -
10 T it =k 10
PODP
BDPD
PO
DD L
sl —
- * (17 = ¢3 -
244 —
DOPP
aige]
3 PR =
k 00 —
L0 n P — o ~2.0
prop| Clayey, wet, frozen beyond 2.0 m = )
=
s
iamen
3
i End of Hale ot 2.4 m B
No Recovery of cuttings beyond 2.4 m due
to sloughing sands
~3.0 ~3.0
=40 |-ieie 4.0
50 P 50
1mita LOGGED BY: JA COMPLETION DEFTH: 2.4 m
HBT AGRA Limited e COPLETE: To /5,
Edmonton, Alberta Fig. No: 15 - Page 1 of |




REINDERS NORTHERN LIMITED

ROAD IMPROVEMENTS

BOREHOLE No: 16

MUNICIPAUTY OF IQALUMT

Project No: EA12109

CANADRILL AIR TRAC (165 mm Dia.) NORTHWEST TERRITORIES ELEVATION: 67.10 (m)
SAMPLE TYPE [l Shelby Tube No Recovery E SPT Test (N) % Grab Sample Split-Pen Core
— 3 &l —_
£ B STANDARD PEN = = PN S
= A AR RN (m:o g SOIL sME OTHER TESTS <
= n I &
& |Pusnc  we Laun | . DESCRIPTION IS S COMMENTS o
S| F——e — |3 5|9 e
X0 4 __5 80
00 IR 11 {HEL[SAND, gravelly, silty, medium grained, 00
: i dark brown, damp, loose = 32% gravel
? 222 EE Gt 54% sand
L — 147 fines
- G LS CIC R :::: -
POOE
[
biph
POPD
...1‘0 [ SECTTITE RIS PPOR, SYPPY OPPUS PPRK POVP NS OO bbbb —— ~1.0
T 1313 ==K
DPOD —
MJ» |
bopb
DOOS
S I} [T I 4 PUPP -
ppp| clayey, wet
! [I1L! frozen at 1.8 m E &
PHOD :
'—2.0 "1 pbbp _2-0
(s
Plit ]
| i =
- ERN 5 SO M. :::: — -
End of Hole at 2.6 m
No Recovery of cuttings beyond 2.6 m due
to sloughing sonds
3.0 et ~3.0
r4.0 4.0
50 [ 50
‘ T LOGGED BY: JA COMPLETION DEPTH: 2.6 m
HBT AGRA Limited REVIEWED BY: COMPLETE: 16/08/41
Edmonton, Alberta Fig. No: 16 Page | of 1




e

Hardy BBT Limited

LOG OF BOREHOLE No. 1,2 W

CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES

IQ\LUIT SERVICES IMVESTIGATICN

LOGGED/DWN. [ F /RM cxD. BF DATE OF INVEST.  SEPT 13 19088 JoeNO.  YXJ0205
o [ DAL TYPE AIRTRALK w OTHER TESTS
Loy g SOIL DESCRIPTION F
—1 [ 1 t 1 1 [ 1 r 1 1 DEPTH > B
WATERCONTENT% wp-O wO w.A g DATUM | N
1o 20 30 40 S0 60 ) 8 SURFACE ELEVATION &
o SAND - grevelly, brown, darp,* BCREHOLE 1
" (i1l fov rpex I'G.) -
.0 .
1.0 C"-. i
€ 0 = becoming dry, frozen -
\ ’ 6 — Sieve
pu . analysis.
= 8 See Plate ]
Appendix D |
3.0 [ ]
END OF HOLE @ 3.0m j
B O I O O Borchole sloughed in above
1.8m causing loss of air ]
4.0 circulation and difficulty _4
in pulling rod. i
i BOREHOLE 2 -
| SAND - cravelly, brown, moist =
. (£231 for Epex FkQ.) -
0
1.0 {.". =
0. -
2.0 . — Frozen — pore wate :
..:|-loss of air circulation, no sa'lJt conte:u~
°* samples below 2.2m .0 ppt -
0. -
3.0 -
END OF HOLC @ 3.0m
4.0 =
T PLATE ¢




- _\ ..’_-“ “ ) X

END OF HOLE @ 4.6m

oy LOG OF BOREHOLE No. 3.4
Hardy EIBT Limited
CONSULTING ENGINEERING & PROFESSIONAL SERVICES IQALU I T S ERV I C E s IN '/EST I G AT I ON
[ LocGED/OWN. BF/RM CKD. BF DATE OF INVEST.  SCPT 13 1988 JOBNO.  YX00205
g | PRILLTYPE  n1pTpack w OTHER TESTS
PR SN SR ST S S SOIL DESCRIPTION F
S G558 IS SN S S A S S S i S s s (PR [ w
WATER CONTENT% wpO w-O w_.4 % | oarum g
10 20 30 40 50 ] (m) g SURFACE ELEVATION &
‘0 :
. BOREHOLE 3
;.| SAWD - gravelly, brown, damp
0 (£ill for NLpex Rd)
1.0[9:
e 0 T pore water
salt content
T 2.9 , —becoming frozen, dry to damy i-%j%P\}e
rL ol analysis.
- See Plate 1
: Appendix B
3.0 o"
\
-N( 0
B A ";.' SAND - gravelly, silty, demp
e 4.0 . wet, possibly frozen
0.
END OF HOLE @ 4.6m
:‘_"_' SAND - grawvelly, krown, noist BOREHOLE 4
"0 (£i1i1 for Zpex Fd.)
7| T
y 1.0 [°] )
s
o — Sieve
Y _.o,- analysis.
2.0 |')| _dry/frozen Sce Plate 1,
| no cuttings returned to hppendix B
B -] surface below 2.1m
'D.'
3.0 [ s -
‘.
| ;.'
|
E_ }.0 e |
N o

PLATE 3




i LOG OF BOREHOLE No._ 15,15
O Hardy BBT Limited -
CONSULTRG ENGRIEERING & PROFEpSIonAL sevicES Igaluit Services Investigation
LOGGED/DWN. RM/BF cx0. BF DATE OF INVEST. Gont . 13, 1988 JoBNO. YX00205
g | ORLLTYPE Air track w OTHER TESTS
e e ==t : SOIL DESCRIPTION e
WATER CONTENT® wpO w.O w_.A : DATUM § N
220 30 4 s s M | @ | sumrace eLEvaTION &
9| SAND - gravelly, brown, moist Borehole 1.
) - to danp : ]
0 np )
0.
1.0]-. —_
.0 -
]
;z ? — pore water
2.0 -, salt content
' 0-. 14.7 ppt
\ .| —becoming frozen

%,| E~ND - gravelly, silty, clavey,
7 grey, moist to Gamp

_1
o] N
1

End of hole @ 4.6m

|
Borehole l&l

-0 |SAND - gravelly,brown,moist to damp

- j
1.0{0: — pore water
"o salt content

0" , 12.2 ppt

"little sample return

1
.
;- _]
]
.

N od

SEED - gravelly, dark arev,
-0 wet

-

End of hole @ 4.6m Plate 9

HBLT 10-87/05



-

I
|
|
L
1
L
1
:
T
1
1
]
1
1
1
1

LOG OF BOREHOLE NO. __1

Hardy BBT Limited
CONSULTING ENGINEERING & PROFESSIONAL SERVICES

ARPEX ROAD EXPANSION AREA

LOGGED/OWN. RSP/TE | ckp. AH

DATE OF INVEST. March 8, 1989

JoBNO. YX00213

g | ORLLTYPE Air Track - Rotary 2| @ OTHER TESTS
A g SOIL DESCRIPTION 2lF
1 I 1 1 1 I [ 1 1 1 ) N G | DEPTH Z; a 3
WATER CONTENT#% wp-O w.0 w.o o | DATUM g %
1 20 3 4 s 60 ™ 18| surrace eLevarion oS
S ‘E SAND - same gravel, trace fines A1 7
- A2 i}
1 (S -
— MA -
2 ’° A3 -
3 - - few chunks of silty, clayey sand ]
it "L - too small to sample 7
“7:|~ frequent boulders below 3.2m Al ]
© S e . A5 .
4 |-=| SAND ~ some gravel, occasional -
-*| boulders and cobblss, trace -
g‘ fines 4
i" XAG :
(=4
g s |
Pl A7 I
6 End of hole at 5.7m .
7.5m offset from center line of _
road ' .
' ]
PLATE 2

HBLT 10A-88/02



Hardy BBT Limited

LOG OF BOREHOLE NO. __2

CONSULTING FNGINEERING 8 PROFESSIONAL SERVICES
]

\

APEX ROAD EXPANSION AREA

LoGGeoowN. RSP/TE | cko.  AH DATE OF INVEST. March 8, 1989 JOBNO. ¥YX00213
o | oAwLTYPe Air Track - Rotary w OTHERTESTS  ~
o] 3¢
L 1 N : 1 . < SOIL DESCRIPTION =l B
1 ) . 1 ) i L1 1 1 ) I DEPTH (>,; a I:‘.I
WATER CONTENT% wp-O w.O w A 2 DATUM s %
0 20 30 40 S0 & M | @1 surrace ELEvATION Ol
T SAND and GRAVEL - trace to little 1
~-|| fines Al
|| boulder at O0.4m to 0.6m I
L amr
A2
1 <:)-.- -~
C? -
A3 |
2
= “fF--silty, sand at 2.5m (little zngh ~
- ice)
3 | a . —_
-|F- silty, clayey, sandy layer at '
*_!-—3'3mya Yey, y lay SZAS
.- | less gravel with depth from 3.5m .
i’ tU 5. m A6 o
4 ¢=M--boulder at 3.9 to 4.0Om ]
- silty layer at &4.3m to &.4m i
A7
5 ”
End of hole at 5.0m 2
10m offset from center line of
road E
6
=

¥ !

PLATE 3

L

HBLT 10A-88/02



Hardy BBT Limited

LOG OF BOREHOLENO. _3

CONSULTING ENGINEERING 8 PROFESSIONAL SERVICES

APEX ROAD EXPANSION AREA

LoGGeDDWN. RSP/TE | cko. AH DATE OF INVEST. March B8, 19889 JosNno. YX00213
3 DRILLTYPE Air Track - Rotary % g OTHER TESTS
3 m—— 5 .
e o S e e e e e e e DEPTH 2 SOIL DESCRIPTION E E
WATER CONTENT% wpO w0 w.A 2| oatum z|g
W 20 3 4 0 80 (M 1 3| sureace ELEvaTION oIS
SAND - some to little gravel e
1 "?' A2
- MA
,-" A3
2 |
i AL
- | -- frequent boulders from 2.8m
3 Siboulder at 2.8m to 3.2m
A5
gziboulder at 3.3m to 3.6m
A6
A
Jhasy .
<=| ) boulder at 4.0m to &4.7m A7
=
5
End of hole at 4.8m
4.5m offset from cemter line of
road
6
PLATE &

HBLT 10A-88/02




LOG OF BOREHOLE NO

L] —-_h —

Hardy BBT Limited
CONSULTING & PROF SERAVICES

APEX ROAD EXPANSION AREA

LoGGeOWN, RSP/TE | cxko. AH DATE OF INVEST. March 8, 1989 JOBNO. YX00213 R
= | ORLLTYPE Air Track - Rotary 2 |¥ OTHER TESTS
e g SOIL DESCRIPTION 2= '
) | D G | ) 1 1 { 1 1 1 1 DEPTH 6 E I-lJl
WATEH CONTENT® - wp-O0 w.O w.-a 2 | DATUM s n:.
W 20 30 4 S0 0 m |3 SURFACE ELEVATION ols ‘
.'-._.'__' SAND - some gravel, trace fines _]
I A1 [
1 _2-. ."-l
' A2
e
]
2 7| SAND AND GRAVEL ]
= = 3
= ]
3 & 5
7’| BEDROCK - granite "
A ;
/ L
4 7 -
7~
7 3
2 AS
4
P i
5 2
End of hole at 5.1m j
Lm offset from center line of E
road
i ]

PLATE 5

HBLT 10A-88/02



