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Geotechnical Investigation - Lake Geraldine Water Reservoir, City of Igaluit OTGEMOITE16E

Notes On Sample Descriptions

1. All sample descriptions included in this report follow the Canadian Foundations Engineering Manual soil
classification system. This system follows the standard proposed by the International Society for Soil
Mechanics and Foundation Engineering. Laboratory grain size analyses provided by Trow Associates Inc.
also follow the same systern. Different classification systems may be used by others; one such system is
the Unified Soil Classification. Please note that, with the exception of those samples where a grain size
analysis has been made, all samples are classified visually. Visual classification is not sufficiently accurate
to provide exact grain sizing or precise differentiation between size classification systems.
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2. Fill. Where fill is designated on the borehole log it is defined as indicated by the sample recovered during
the boring process. The reader is cautioned that fills are heterogeneous in nature and variable in density or
degree of compaction. The borehole description may therefore not be applicable as a general description
of site fill materials. Al fills should be expected to contain obstruction such as wood, large concreie pieces
or subsurface basements, floors, tanks, etc., none of these may have been encountered in the boreholes.
Since boreholes cannot accurately define the contents of the fill, test pits are recommended to provide
supplementary information. Despite the use of test pits, the heterogeneous nature of fill will leave some
ambiguity as to the exact composition of the fill. Most fills contain pockets, seams, or layers of organically
contaminated scil. This organic material can result in the generation of methane gas andlor significant
ongoing and future settlements. Fill at this site may have been monitored for the presence of methane gas
and, if so, the results are given on the borehole logs. The monitoring process does not indicate the volume
of gas that can be potentially generated nor does it pinpoint the source of the gas. These readings are to
advise of the presence of gas only, and a detailed study is recommended for sites where any explosive
gas/methane is detected. Some fill material may be contaminated by toxic/hazardous waste that renders it
unacceptable for deposition in any but designated land fill sites; unless specifically stated the fill on this site
has not been tested for contaminants that may be considered toxic or hazardous. This testing and a
potential hazard study can be undertaken if requested. In most residential/commercial areas undergoing
reconstruction, buried cil tanks are common and are generally not detected in a conventional geotechnical
site investigation.

3. Till: The term fill on the borehole logs indicates that the material originates from a geological process
associated with glaciation. Because of this geological process the till must be considered heterogenesous in
composition and as such may contain pockets andlor seams of material such as sand, gravel, silt or clay.
Till often contains cobbles (60 to 200 mm) or boulders (over 200 mm). Contractors may therefore
encounter cobbles and boulders during excavation, even if they are not indicated by the borings. It should
be appreciated that normal sampling equipment cannot differentiate the size or type of any obstruction.
Because of the horizontal and vertical variability of fill, the sample description may be applicable to a very
limited zone; caution is therefore essential when dealing with sensitive excavations or dewatering programs
in till materials.
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Date; October 15 and 16, 2004

Project No.:OTGEQ00176168 Project Name: Water Resovoir Dams, Igaluit, NU
Water
Run# ii:; Di';{:h M%a;p[';;e{j TCR RQD Re;u m C;;{Lr Rock Characteristics
o

CBS1| o 0.51 : . : 100 | miyumsana |0-9" boulder, 9'-1'8" sand, no recov.,

CBS2| o051 0.86 - - - 100 | witkywiin sara | StONE pieces

CBS3| oss 0.89 - ; : 100 | mikywin v | StONE piEces
4 0.89 1.45 1.22 100 3 100 clear |poss. lgneous badrock, green-grey and red
5 1.22 1.68 1.68 100 100 100 clear |lgneous bedrock, green-grey and red
6 1.68 2.21 2.13 82 61 100 clear |lgneous bedrock, green-gray and red, v.hard
i 2.13 3.18 3.09 a7 97 100-25 | miky to cear | lgneous bedrock, pink/grey, loss of h20 at 10"
8 3.09 | 368 3.66 100 01 100 | brown |lgneous bedrock, pink
9 3,66 4.34 4.29 av 0 100 brown [lgneous bedrock, pink
10 4.29 4.59 4.52 a7 0 100 brown (lgneous bedrock, pink
i 452 4.90 4.88 47 0 100 brown |ignecus bedrack, pink, loss of all h20 at 16,8, all nalural fractures are nist
12 4.88 5.31 5.31 65 0 0-25 brown |lgneous bedrock, grey-white, some h20 return
13 5.31 5.48 5.48 100 0 0-10  |oeun o ciesr|lgneous bedrock, grey-white, lost h20 at 18'8"
14 5.48 579 574 83 0 0-20 | wrown o ceer|lgneous bedrock, grey-white, all natural fractures are rusty
15 5.74 6.48 6.25 88 0 0-20-0 |brown to caer| lgneous bedrock, grey-white, all natural fractures are rusty
16 8.25 7.64 7.16 89 83 0-20-0 | urown e car | lgneous bedrock, grey-white, all natural fractures are rusty
{17 7.16 8,08 8.03 99 99 0-20-0 | arown 10 coar | Ign@ous bedrock, grey-white, all natural fractures are rusty
18 8.03 8.38 8.36 88 0 0-10 | orown 1o owar [lgneous badrock, grey-white, all natural fractures are rusty
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Diate: October 15 and 16, 2004

Project No.:OTGEM176168

Project Name: Waler Resovoir Dams, lgaluit, NU

Water

Run# E?E‘i?h Di‘;ﬁh Meﬂa;;l?d TCR ROD Re;am D:gjur Rock Characteristics
19 8.35 &71 867 100 7 0 : igneous bedrock, grey-white
20 887 899 8.99 g2 o | I - |igneous bedrock, grey-whits
21 8.99 0,45 9.42 92 6 05 milky |igneous bedrock, grey-pink
22 9.42 970 570 50 ] 05 | miky |igneous bedrock, grey-pink
23 9.70 10.06 10.05 8 49 0-5 milky |icnecus bedrock, arey-grey
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= —1 =
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= — B
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Continued Naxt Fage
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e Eapeed Wl FoE Open | | Fun | Deph %R | RO
2.A 15 mm Sameter piernmeter was installed ino the Time Leved (m) To {m} Mo. {m}
borencie upon competion 2 Days 16
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3. Fledd work supenvsed by a Trow representative
4. Seq Notes on Sample Desciptions

5. This Drawing §o be read with Trow Consulting
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Project: Geotechnical Investigation - Proposed Dams of Water Resowvoir

Figure No.
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Borehole terminated at 2,88 m depth.
For Core Drilling Record please refer fo
next page.
NOTES:
1. Borghols data requires interpralalion assislance from WATER LEVEL RECORDS CORE DRILLING RECORD
e e Eiapsed Wator Fiola Cipan Fion | Dieph TR % |
2 A 15 mm diameter piezometar was insisiiad into the Time Leved (im} Tofm) | . {m}
Daonedioie upon coenpedion 2 Days 16

3. Fishd work supendsad by & Trow represeniative
4. S Moles on Sampls Desoriptions
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Trow Borehole Log 4 *

Project No. OTGEODI7E168

Figure Mo. 5]
Project: Geotechnical Investigation - Proposed Dams of Walsr Resovoir =k T ‘M
e SheetMo. 1 of 1 r
Location: Igakuit, Nunavuit = =i
Spis Spoon Sampla 5] Combusthie Vapour Resding O
: 5 Aasgemr Sample m Malural Moistre Content b4
Date Drlled: Oclober 13th, 2004 BT 0 Voo = S S -
Drill Type: Portable Dynamic Cone Test _ Unirained Triasial ot
Shelty Tube B % Strain 5t Fadure
Datum: Depth below grade Shear Srength by + Shear Seenglh by
Vo Test 5 Peredrerneles Test
o Timndard Penetabon Test M Waioe Combushble Vapour Readeg Bem) | 5
& E Asarmnd | D 30 S0 750 I+ w
Wi g S0IL DESCRIPTION Eloratins | F “ 20 L2 0 e Moshue Conient 5 P il
Ll o & E Shiar Strength Fa Afterharg Limiks (%% Dry Wisght) L .m"egm’
L 110.00 0 i 30 5
3 SILTY SAND Some fine gravel, brown, : e Rl T
wet, (compact). 109,60
£ 108.1
"1 SAND AND GRAVELFine grained, some _| 2
5 - 107.6
L SAND AND GRAVEL TILLSome silt, =]
grey, moist.
- - 3
— S e 1062
i _ GHEISS BEDROCKFink and grey, fine | =
E to medium grained, massive lo foliated,
0 some near vertical to inclined joints, (very
Bt — good quality). —
E L |
gl a5
Borehole terminated at 9.88 m depth.
[ROTES:
1. Borehole dats jire= inferpretation assistance from WATER LEVEL RECORDS CORE DRILLING RECORD
Troar befiore wse by others El=pead Waler Hole Open Run Ceplth % Rec. ROD %
2.A 15 mim ciameder piezomeler was installed inbo the Time Lewed (m) To (m} b {mi)
borghcie upon competion & days 0.4 1 384 -554 a3 T4
3. Fedd work supenied by a Trow representafive
£ Ze Motes on Sample DescripSens
5. This Drawing 1o be read wilh Trow Consling
| Encineers Lid. repont OTGEM001TE168
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Trow Borehole Log 5
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Figure Mo. i
Project: Geotechnical Investigation - Propesed Dams of Water Resovoir T
59 ~  SheetMo. 1 of 1 rm
Location: Igaluit, Nunawvuit o = ===
it Spit Spoon Sample i Combuslible Vapour Raading 3
g Ausger Samphe m Matursd Moisture Corfent =
Diate Drilled: October 17th, 2004 ST00 = i e
: , Dynamic Cone Test —_— Undrained Triznkal st
Drill Type: Podable s i = ey e &
- Shear Strength by
Datum: Depth below grade E::T?ﬁm By _g = .r i A
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=S e e
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HE SOIL DESCRIPTION e 5= | Amarmeng Limes (o Doy Wehe | L | Weiaht
bl s 11000 |, g
Bl SILTY SAND Some gravel, trace cobbles, 10004 | e
a ; brown, wet, (loose).
H - - =\
BEIL RS =)
_e'j e — 1084
GNEISS BEDROCKGrey and pink, fine Run 4
to medium grained massive to foliated, 1 Run 2
ik —inchined joints, (very poor to good quality). 2 Run 3
H |
H | i Run 4
= ~H Runs
I : Run 6
H B Tlies |’ Run 7
Borehole terminated at 3.20 m depth.
For Core Dilling Record please refer to
next page.
HOTES:
1. Boreioia dats requines inferpretation essistance from WATER LEVEL RECORDS CORE DRILLING RECORD
il Eapeed Wk e Dpen Fun | Degih % R ROD% |
2 A 15 mm dameter plezometer was Installed Into the E Leved {m) Tox (i) b, (]}
borehole upon competion 2 days Al ground surface
3. Fedd work supendsed by a Trow represantafive
4 Sen Motes on Sample Descriphions
5. Thiss Drawing b5 be resd with Trow Consuling
Enmnsers LnuM OTmm?EﬂB




yuid ewos ‘Asub ‘yoopaq snoeub)|Mmemee | gp| tv 145 0Ze og'e L6C

&

yuid swios 'Aeub yoopaq snoauf|| tawenmee) oo £f o 16T 16T 697 o]
yuid awios 'Aeub Moopaq snosuB|| M aess| 0| 0 00} 60T vLe 182 G
yud awos 'Aalb ‘yoopaq snoauf)| e aesal  po) 86 og Wi IS'Z 62T e
yuid swos *Aalb ‘yoopaq snosub A aessl  go)L pis I8 627 L2 £6°1 e
yuid awos "Asub "joopeq snosub)| M aees|  poy 004 001 £6'| 90 08| Z
yuld awos “faib yoopaq snosub| M eues:| oo 0 8. 08l £8') 15 L

%
inojoy wdeg | ydeqg | ydeg
ulnja Ln
Sols|iejoBIBYD YO0y 0%H ._m_MM aoyd dOL | peinseepy | pug | peig | T
NN ‘Injeb| ‘'sweq Jonosey Jejepy euwep joslold 8919.2100039.L0: ON j08lold

FOOE 21 4800120 @20

S HE Bo Bulion preld ;AU‘—_-—- - -
7T\



LOG OF BOREHOLE HRORESLAMERHITORGP) TROW OTTAWAGDT 231204

Trow Borehole Log 6

Project No. OTGEDDD17616B

3. Flebd work supenvised by & Trow representative
4 Sea Motes on Sampss Descripbons

5.Thes h“&h b read with Trow
L Encinesrs Lid. repor OTGENN0

1TEIEE 5

Figure: Mo, 8
Project: Geotechnical Investigation - Proposed Dams of Water Resovoir Trm'
) SheetMo. 1 of 1
Location: Igaluit, Nunavuil R S
Spit Spoon Sampla ) Combustible Vapour Reading 0
illed: Aamger Samnple m Hahural Moshure Conbend
Drate Drilled: October 18th, 2004 SET ) Vel & 2 e
Drill Type: Porable Dycamic Cone Tazl — Uneérained Trizdal at
Shedy Tube B 9% Sirain af Falure
Datum: Depth below grad Shear Strangth by
= L el EKTSELM < _é_ Penetromater Tast &
= o Seandaed Penslralnn Tom B vas Combusiitie Vaptur Feseng (pom) | 5
- E i | 30 S0 750 L Nﬂ“r;a]
Wi g SOIL DESCRIPTION Elercaticn. | P 20 40 0 8L Matural Mokture Content % P =
Ll o RN WFa | Atierber Limiss (% Dry weichiy | L | Waight
68 50 B 11000 |, 100 150 200 W s g| W
HETT| SILTY SAND Some gravel, trace cobbles, = i S Fr S T e P
o broeam, wet, s X
!.— iz —4 10950 Fiia
& |
H
BT =
) £ b i I —{108.4 —
g GRAVEL Grey. =1
Hle =
i sl
-
iLe I
E . I
D= 107.2 -
i | _GHEISS BEDROCKSome quartz vains, | - Run 1
e grey and pink, fine to medium grained Y Run 2
E' massive to folizted, highly jointed, (very Run 3
= — poor to poor quality). -
H -~ 4) Run 4
i ;
= 25 = ]
g Run 5
ol N o b e, 105.5
Borehole terminated at 4.47 m depth. i
For Core Drilling Record please refer to
next page.
[ROTES:
1. Borshoia data requines Inferpretation sesiztancs from WATER LEVEL RECORDS CORE DRILLING RECORD
s — Eiapeed Waer Figk Opan Fun | Deph TR oD%
2.A 15 mm dSameter picgometer was installed into the Time Lewed (m) To {m) M, {m}
borainoia Lpon Compation 1 day 0s




Huld pue AeuB-uselb 'sulen zpenb ewos Hooipeq snoaub|  Axw 0oL ae 001 vy e el e G
yuld pue AsuB-useif 'sujaa zuenb ewos 'yoolpeg snosub)|  Ayw 0oL 0 QoL eL'e 9/¢ Loe ™
yuid pue AeaB-usslb 'suien zuenb swos “yoolpag snoaul)| Ay 00l 0 6 L9'E Lae qL'E m”
Aaub-uealb ‘yooupaq snoaub)|  Ayiw 00l 0 09 gL'e 0z'c G0t Z
feub-uaaib yoolpag snoaub||  Ayw 0ol 0 05 c0'e 80°C P L

%
SO/ISLBIOR.RUD HOOY Lﬂwmu wey | qoy 0L E:._ramwmz rﬁwu :hmummm funy
d81epn
NN ‘Unjeb| ‘sweq JloAosey Jejep, awep j00(old 99192100039 .L0: ON j08foid

r00Z ‘81 18qOJ0Q0 8je(Q

9 HE Bo Bulion preid got—l—l T
TN



DWG. No. 9

OTGEDOO17616A

Nao.

PROJ.

DMISEYS IOVINIEREG

aL

of

%

o

OL

OB

a0

W Z'L 0) w 9'0 'ZSS ‘ZHA
MOYL 2R TIAVHD B ONYS ALNS JO ONIOWND
D) . aNVS 1718 il
3SHY0D WO N4 I5UY0D WOIO3N I ISHVOD WOIOIN I AN
SAIAITIN HI A3LIN0 WYHD
a'an 0oL oe o'z ae'n oL wn en'n 2000 000 5
m |
I aL
: ar
| F
o
\ (]
| | \
| | \\ ag
| | _
vil ] I 1 09
| _ 1 1
A
/ _ " &
| \ 1\ [ i
|
) 4 Lo
pEd _
L1
et |
. L T ..1-1..\--!1 - _ ; . __ . _ __. ] —{pot
ok £ B Hxn _ T ¥ _ (1] ] o ar i) _ vy 00F _ 1T 1AG
S % 1] RE ik [41+]] L1714

SISATVNY 3ZIS NIVYO



10

DWG. No.

OTGEQQO17616A

PROJ. No.

DEEENA FENEIHGD

oL

oE

op

ad

os

w 'z o) w gl 'GSS ‘ZHE
MO¥L F= 1INVHO % ONVS ALTIS 40 ONIOVAD
VIAYHO ONYS 1118
ISUVOD WAIOIN INA ISHVOD WAIOIN AN ISUVOD WOIO3N a4 AV
SXHHLINTIA M BILIAWED MIvHD
o'cd a'0g (8] o agn az'e S0 oD 2000 Z000 15
] 1 _. =
1 o1
[e}4
| | \1
| | ..\_\ fir
_ \ [ |
/ \ _ |
e e e | \ e [
. P
_ _ 0z
P
age 1 o9
_. \ | 1 |
\ “ _ [iTd
\‘l. .q WL
o {
\_\. | H
yiiing L
-t B
|
T T |_ “ ._. T T ._ _ _ kel
B i _l.__n..ﬂ _ S L] _ [+ '] [£14 1] [x}'] _ DkL OE _ SIS AMIS
KT T il RBE (3 [l OLE

SISATVNY

JZI1S NIVYO



OTGEODOL7616E Drawing No. 11

Project Ho.

0t

0g

| abeq

{18d) 50415 |BLLION

14 0z Sl 0L

apalBap £z~

soplBap 27 ~

[ENpISEY o

-0k

Sl

- 02

yidag w §'s @ z HE

‘8407 HOO0H JO sadojasuz YIBUBNS [ENP|SEY PUE Yead L] ¢

LHEYD

op Bujmelg

- GE

(1sd) ssang Jeayg



Drawing No. 12

OTGEODD17616E

Project No.

| abeq

{|8d) ssang |ewaon

DE Ge az Gl Ol 5 0

sopibop 2~

/ )

sasiliop pf -

g e .||_

BB ——
yeod ® |

lenpisay e i

yidag w g'g @ z HE 'saio) Yooy jo sadopaug yibuans [enpjsey pue yead 7| oy Bumeiq

LHeyD

- Ok

- Gl

52

(1sd) ssens Jesuys



¥ Trow

Geotechnical Investigation - Lake Geraldine Water Reservoir, City of Igaluit OTGEDOO17616B

Executive Summary

Trow Associates Inc. was retained by the City of Igaluit to undertake a geotechnical
investigation at the Lake Geraldine Water Reservoir located in the northwest part of the City.
The water in the reservoir is retained by a cast-in-place concrete gravity dam incorporating a
spillway section. and a cast-in-place concrete cut-off wall and embankment located on the north
side of the dam. It is proposed to increase the height of the dam by 2 m. This would necessitate
increasing the height of the concrete gravity dam and its exiension to the south to abut the
bedrock in the valley, increasing the height of the concrete cut-off wall and the berm located
north of the dam and its extension northerly to abut the bedrock in the valley, and construction of
a new concrete cut-off wall and berm in a valley along Lake Geraldine located southeast of the
dam.

The geotechnical investigation consisted of drilling six boreholes to a depth of 3.2 m to 10.5 m.
The boreholes were initially advanced in the overburden by performing standard penetration tests
and retrieving soil samples by split barrel sampler. Once refusal to sampling was met. the
boreholes were advanced by core drilling techniques. In the bedrock also the boreholes were
advanced by core drilling techmques. Standpipes were installed in all the boreholes to monitor
the groundwater table.

The investigation has revealed that in the vicinity of the dam, a shallow deposit of fill is
underlain by bedrock. The bedrock is fine to coarse-grained gneiss. It is massive to fohated. It
contains some near vertical and inclined joints. It is porphyritic to mica rich. A Total Core
Recovery (TCR) of 37 to 100 percent and a Rock Quality Designation (RQD) of 0 to 100 percent
was obtained when core drilling the bedrock. On this basis, the bedrock quality may be defined
as very poor to excellent.

Water level observations made in the boreholes indicate that the groundwater table at the site is
at a depth of 0 m to 1.6 m below the existing ground surface 1.e. Elevation 101.8 m to 1103 m.

The existing dam is founded on bedrock, which has adequate allowable beaning pressure to
support the proposed increase in height of the dam. It is noted that the dam has a potential to fail
cither by sliding at the interface of the concrete and bedrock or along joints in the bedrock. The
coefficient of friction between the concrete dam and the bedrock may be taken as 0.67 whereas
the angle of friction due to shding along the bedrock planes may be taken as 23 degrees for
design purposes. It is anticipated that additional rock anchors would be required for the dam to
overcome overturning moments due to the increased height. The rock anchors may be designed
according to the criteria presented in the report. It is noted that the bedrock contains weathered
zones. Therefore, grouting of the bedrock may be required prior to installation of the rock
anchors.

The proposed dam extension to the south may be founded on gneiss bedrock and should be
socketed into the bedrock at least 0.5 m at the base and at the southerly limit where it abuts the
bedrock in the valley. The bedrock has an allowable bearing pressure of at least 480 kPa. It is

EX-l
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considered that this allowable bearing pressure would not be exceeded with the proposed
increase in height of the dam.

The central berm located immediately north of the dam has an upstream slope of 1 to 1.5H to 1V
and a downstream slope, which is steeper than the upstream slope. These slopes are currently
unstable. It is recommended that rock fill should be used to stabilize the existing slope, raise the
upstream height of the existing berm and construction of the new berm and that the finished
slope should be at an inclination of 2H:1V. The advantage of using rock fill is that it would be
stable al a steeper inclination compared to sand and gravel fill and its use would minimize
siltation of the lake. The downstream slope of the berm may also be designed on an inclination
of ZH:1V provided granular materials are used in the construction and the slope 1s covered with a
600 mm thick laver of 300 mm riprap as erosion protection.

The north and the south berms may also be constructed with slopes and materials siriilar to those
recommended for the central berm. It is reported that a portion of the north concrete cut-off wall
is founded in the overburden and not in the bedrock. The potential of seepage taking place
beneath the concrete cut-off wall exists in this area with the increased height of the dam and the
resultant increasc in the hydrostatic pressure. It is recommended that the portion of the north
cut-off wall, which is not founded in the bedrock, should be grouted to provide a positive cut-off
between the underside of the concrete wall and the bedrock. The concrete cut-off wall for the
south berm should be socketed at least 0.5 m into the bedrock at the base and at the two ends
where 1t abuts the rock face in the valley.

The site was visually examined by a geotechnical engineer in an attempt to locate potential
agegregate sources for construction of the berms. The visit revealed that the majonity of the arca
comprises of bedrock outcrops and that potential agercgate bormow sources were not present in
the vicinity of the dam. As such, it is likely that majonity of the aggregate required for
construction of the berms would have to be imported from the local gravel pit.

The above and other related considerations are discussed in greater detail in the body of the
report.

EX-II
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1.0 Introduction

Trow Associates Inc. was retained by the City of Igaluit to undertake a geotechmical
investigation at Lake Geraldine Water Reservoir located in the northwest part of the City of
Igaluit, Nunavut. This work was authorized by the City via letter dated September 29, 2004.

The City of Igaluit denives its water supply from Lake Geraldine, which is retained by a cast-in-
place concrete gravity dam incorporating a spillway section and a cast-in-place concrete cut-off
wall and embankment. [t is proposed to increase the height of water storage in Lake Geraldine
by 2 m. This would necessitaie increasing the height of the existing dam and its extension to the
sputh, increasing the height of the existing concrete cut-off wall and berm located on the north
side of the dam and their extension to the north, and construction of 2 new berm and concrete
cut-off wall in one of the valleys located southeast of the existing dam.

The geotechnical investigation was undertaken to:

(1) Establish the geotechnical conditions below the existing dam, north and south of the
existing dam for proposed dam extension and construction of concrete cut-off walls and at
three valleys along the shores of Lake Geraldine where new concrete cut-off walls and
berms may be constructed.

(2) Provide geotechnical parameters for the design of the dam including those required to
undertake stability analysis.

(3) Make recommendations regarding extension of the dam to the south.

(4) Make recommendations regarding increasing the height of the concrete cut-off wall and
berm located on the north side of the dam (i.e. central and north berms) including
recommended slope inclinations.

{5) Provide comments on the availability of aggregate sources in the area of the dam.

(6) Recommend geotechnical parameters for the construction of a new concrete cut-off wall
and earth berm in a valley located southeast of the existing dam.

The comments and recommendations given in this report are based on the assumption that the
above-described design concept will proceed into construction. If changes are made either in the
design phase or during construction, this office must be retained to review these modifications.
The result of this review may be a modification of our recommendations or it may require
additional field or laboratory work to check whether the changes are acceptable from a
geotechnical viewpoint.




¥ Trow

Geotechnical Investigation - Lake Geraldine Water Reservoir, City of Igaluit OTGEDDO17616B

2.0 History and Background

2.1. Reservoir

The City of Igaluit derives its water supply from Lake Geraldine, which is retained by a structure
consisting of a cast-in-place concrete gravity dam incorporating a spillway section and a cast-in-
place concrete cut-off wall and embankment. All concrete structures are believed to be founded
on rock, and engage rock at their abutments. The exception to this is a portion of the cut-off wall
in the north berm where the rock is deep and this portion of the wall was founded in the
overburden.

Lake Geraldine is a natural body of water in an irregularly shaped basin. It is fed by rainfall and
snow/ice melt from a watershed with an area of approximately 385 hectares.

2.2. History

The dam was onginally designed and built by the Department of National Defence. According
to the literature. the original construction took place circa 1958. Since that time, as the City has
grown and water demands have nisen, the dam has been raised three times to increase the storage
capacity.

The first height increase of 0.3 m reportedly took place in 1979. This involved a concrete
extension. which was dowelled into the existing structure.

The second construction took place in 1985, and increased the height of the spillway structure by
approximately 1.15 m. The embankment portion was widened and heightened as well to
accommodate the increased storage capacity. Again, the extension was constructed of concrete
dowelled into the existing structure, and incorporated a steel formwork frame over the spillway
section, which remains to this day.

The third extension was done in 1995, and increased the height of the gravity dam structure by a
further 1.5 m of concrete, with a corresponding increase in berm geomeiry. Based on analysis
done prior to the extension, it was determined that the gravity dam would not have an adequate
factor of safety against overturning if the extension was simply “dowelled-in” as before. The
1995 alteration thercfore included an extensive rock-anchoring program for the gravity dam
portion to provide the required stability to the structure.

2.3. Description of Structure

A plan showing the various features of the dam has been included as Drawing No. 1. The
concretle gravity dam comprises of a concrete spillway and concrete sections on either side of the
spillway (i.e. north dam and south dam). The concrete sections on either side of the spillway
have an elevation of 110.28 m, with the crest of the 15.7 m wide spillway section being at
elevation of approximately 109.33 m, which represents the normal operating level of the lake.
At this level, the dam has approximately 0.95 m of freeboard. The south dam extends
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approximately 32.7 m to the south rock abutment. The north dam extends 13.3 m north of the
spillway section, where it joins an extended. narrow (~200 mm wide) concrete cut-off wall,
which 1s supported on both sides by a sand, gravel and rock fill embankment (central berm and
north berm). The embankment cut-off wall extends approximately 80 m to the north rock
abutment. The concrete dam and the concrete cut-off wall are reportedly founded on bedrock
except for a portion of the cut-off wall as noted previously, which is founded in the overburden.
The top of the concrete cut-off wall is reportedly at Elevation 110.30 m with the top of the
embankment being at Elevation 110.50 m. It is therefore our understanding that the elevation of
the top of the concrete cut-off wall in the embankment portion of the dam is at least equal to the
elevation of the top of the concrete gravity dam portion of the dam.




¥ Trow

Geotechnical Investigation - Lake Geraldine Water Reservoir, City of lgaluit OTGEOOD1TE16B

3.0 Procedure

3.1. Drilling and Soil Sampling

The fieldwork for the geotechnical investigation was undertaken between October 13 and 21,
2004 with Hilti dnll rig, winch and hammer. The fieldwork was supervised by a representative
of Trow Associates Inc. (Trow) on a full time basis.

The fieldwork consisted of drilling 6 boreholes to depths varying between 3.2 m and 10.5 m.
The locations of the boreholes are shown on Site Plan, Drawing 2.

Boreholes | to 3 inclusive advanced by casing and core dnlling techniques. Boreholes 4 10 6
inclusive were initially advanced by performing continuous standard penetration tests and
retrieving soil samples. However., the boreholes could only be advanced by this method in
unfrozen soil to a depth of 1.0 m to 1.6 m below which frost was encountered. The borcholes
were then cased and advanced by core dnlling techniques wath the Hilti dnll ng using a Bx size
core barrel. Water was used as the flushing medium.

Water level observations were made in the boreholes during the course of the fieldwork.
Standpipes were installed in all the boreholes to establish the groundwalter table at the site. All
the soil samples were visually examined in the ficld for textural classification, preserved in
plastic bags and identified. The bedrock core was also logged, placed in core boxes and
identified. The boreholes were logged. On completion of drilling, all the soil samples and rock
core were transported to the Trow laboratory in the City of Ottawa.

The locations and elevations of the boreholes were established by Trow Associates Inc. The
elevations of the borehole refer to the Geodetic datum.

All the soil samples were visually examined in the laboratory by a geotechnical engincer and
borehole logs prepared. The engineer also assigned the laboratory testing. The laboratory
testing consisted of performing grain size analysis on selected soil samples. In addition, direct
shear tests were performed on selected rock core samples to establish the peak angle of friction
and residual angle of friction due to sliding along bedrock joints. Unconfined compressive
strength tests were also performed on bedrock core from selected depths.
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4 0 Site and Soil Description

Lake Geraldine is located in the northwest portion of Igaluit, Nunavut. The ground surface
elevation on the north and south side of the valley in which the dam is located 1s at Elevation
1178 m to 117.9 m approximately. The bottom of the wvalley is at Elevation 102 m
approximately. The sides of the valley comprise of bedrock. Bedrock is also present at a
shallow depth in the bottom of the valley.

A detailed description of the geotechnical conditions encountered in the six boreholes dnlled at
the site 1s given on Drawings 3 to 8 inclusive. The borehole logs and related information depict
subsurface conditions only at the specific locations and times indicated. Subsurface conditions
and water levels at other locations may differ from conditions at the locations where sampling
was conducted. The passage of time also may result in changes in the conditions interpreted to
exist at the locations where sampling was conducted. Borcholes were drlled 1o provide
representation of subsurface conditions as part of a geotechmical exploration program and are not
intended to provide evidence of potential environmental conditions.

Boreholes 1 to 3 inclusive were drilled at the dam location and indicate that approxmmately 0.3 m
to 0.9 m of fill is present in Boreholes 1 and 2 respectively (Elevation 101.1 m to 108.9 m).

In the three boreholes (Borcholes 4, 5 and 6) drilled in the valleys where a cut-oft wall may be
required, the surficial soil is silty sand which extends to a depth of 1.6 m to 1.9 m (Elevation
108.1 10 108.4). A grain size analysis performed on this stratum indicates that it contains 27
percent clay and silt. 55 percent sand and 18 percent gravel (Drawing 9).

The silty sand stratum m Borcholes 4 and 6 1s underlain by a silty sand and gravel layer, which
extends to 2.4 m to 2.8 m depth (Elevation 107.2 to 107.6 m). A grain size analysis performed
on this stratum vielded a soil composition of 22 percent clay and silt, 43 percent sand and 35
percent gravel (Drawmg 10).

The silty sand and gravel layer in Borehole 4 is underlain by sand and gravel till which extends
to 3.8 m depth (Elevation 106.0 m).

Below the existing ground surface in Borechole 3, the fill in Boreholes |1 and 2, the till in
Borehole 4, silty sand in Borehole 5 and silty sand and gravel in Borehole 6, gneiss bedrock was
encountered. The boreholes were terminated i the bedrock at a depth of 3.2 m to 10.5 m. The
gneiss bedrock is fine to coarse grained massive to foliated and contains some near vertical and
inclined fractures. It is porphyritic to mica nch. It is grey to pink in colour. A Total Core
Recovery and Rock Quality Designation of 37 to 100 percent and 0 to 100 percent respectively
was encountered in these borcholes. On this basis, the bedrock quality may be defined as very
poor to excellent. It is noted that weathered rock zones were encountered at various depths in the
two boreholes drilled downstream of the dam (Borcholes 2 and 3).

The unconfined compressive strength of the bedrock was established on rock cores obtained
from various depths. The test results are given on Table I. A review of Table I indicates that the
unconfined compressive strength of the relatively south bedrock varies from 130 to 222 MPa.
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One of the tests performed on relatively weathered bedrock yvielded a compressive strength value
of 78 MPa. An unconfined compressive strength of 26 MPa was established on one rock core
sample where failure occurred along joint n the bedrock.

Table |
Unconfined Compressive Strength of Bedrock
Borehole | Depth (m) Unconfined Compressive i Remarks
# Strength (MPa)
2 21 222 Intact relatively sound bedrock
. 31 130 | Intacl relatively sound bedrock
! 62 148 | Intact relatively sound bedrock
! 72 151 Intact relatively sound bedrock
3 | 05 139 : Intact relatively sound bedrock
| 28 141 | Intact relatively sound bedrock
58 26 Failure along a joint
81 | 78 Weathered bedrock

Two direct shear tests were performed on joints in the bedrock cores from Borchole 2 to
establish the peak angle of friction and the residual angle of friction of the bedrock due to sliding
along the joints. The test results are given on Drawings 11 and 12 inclusive. A review of these
drawings indicates that the gneiss bedrock has a peak angle of friction of 27 to 34 degrees and a
residual angle of friction of 23 to 32 degrees for shiding along joints in the bedrock.

The peak angle of intemnal fniction of the bedrock was estimated to be 40 degrees based on
literature search.

Water level readings were recorded at a depth of 0 m to 1.6 m below the existing ground surface
i.e. Elevation 101.6 m to 110.1 m. Close to the shores of Lake Geraldine, the groundwater was
recorded at Elevation 109.5 m to Elevation 110.3 m. It was recorded at Elevation 101.8 m and
Elevation 102.7 m in the two boreholes drilled downstream of the dam. 1t is possible that the
groundwater table may not have stabilized in some of the boreholes during the relatively short
time interval over which the readings were taken.
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5.0 Proposed Dam Extension

The proposed dam extension would involve increasing the height of the concrete gravity dam
and extending the dam to the south to abut the rock slope.

Increasing the height of the dam would result in an increase in the weight of the structure.
However, the dam is understood to be founded on bedrock. The bedrock has an allowable
bearing pressure in excess of 480 kPa. It is considered that this allowable bearing pressure
would not be exceeded with the proposed addition. Extension of the dam structure on the south
side would also be founded on bedrock as the bedrock is present at the existing ground surface in
this area. The bedrock is considered capable of adequately supporting the proposed structure.

It is recommended that the south end of the dam structure should be keyed a distance of 0.5 m
into the bedrock where it abuts the bedrock in the valley to prevent Jeakage at the interface of the
concrete structure and the bedrock.

The peak angle of internal friction of the bedrock was estimated to be 40 degrees. Laboratory
testing performed indicated that the bedrock has a peak angle of friction of 27 degrees to 34 and
a residual angle of friction (@,) of 23 degrees to 32 due to sliding along joints or fissures in the
bedrock. Based on this information, it is considered that the coefficient of friction between the
bedrock and concrete may be taken as 0.80. A residual angle of friction of 23 degrees is
recommended when checking the stability of the dam against sliding along joints or fissures in
the bedrock.

It is noted that the bedrock at the site is jointed and fissured. Examination of the rock core
revealed various joints in the bedrock that are inclined at an angle of 50 to 70 degrees. The dip
of the joints could not be established from the cores. A review of the geological maps indicates
that the joints in the bedrock in the vicinity of the dam dip towards the east at an inclination of 46
to 48 degrees. The dip and strike of the joints in the bedrock in the vicinity of the dam was
established by a local geologist. A complete examination was not possible due to the snow
cover. Information obtained from the field tends to confirm that the joints in the bedrock at the
site are also inclined at an inclination of 40 to 60 degrees to the cast. On this basis, 1t would
appear that the joints are inclined in a direction, which would not adversely affect the stability of
the dam. However, it is recommended that a more detailed geological mapping of the site should
be undertaken during spring or early summer of next year after the snow melt to confirm the
preliminary information obtained.

It is understood that the weight of the dam was not sufficient to resist overturning moments and
as a result rock anchors were used to provide lateral stability to the structure. They were
designed for an allowable load of 630 kN. With the proposed increase in height of the structure,
it is anticipated that additional rock anchors would be required.

The following criteria is recommended for the design of new rock anchors:

(1) The maximum working load in the rock anchors should be limited to 60 percent of the
yield or 60 percent of the ultimate capacity of the anchor. Yield capacity should be used
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for anchors with steel grade not exceeding the ultimate stress of 825 MPa. and the ultimate
capacity should be used for high strength steel anchors with steel grade exceeding the
ultimate stress of 825 MPa.

(2) The embedment of the anchors should be designed using the submerged weight of a cone
of rock under the dam. The submerged weight of the cone of rock should not be less than
the ultimate capacity of the anchor. The cone of rock should be assumed to have an apex
angle of 90 degrees, and the apex of the cone should be assumed at the midpoint of the
fixed anchor length (or bonded length) of the anchor. Where the embedment cones of
adjacent anchors overlap, the combined embedment cones for a group of anchors should be
used.

(3) The maximum test load should be 80 percent of the ultimate capacity for anchors with steel
grade exceeding the ultimate stress of 825 MPa and 90 percent of the wield capacity for
anchors of steel grade not exceeding the ultimate stress of 825 MPa.

(4) The maximum allowable bond stress at the interface of the anchor grout and the rock
should be 1.0 MPa.

(5) Neither the spacing nor stagger between anchors should be less than 0.5 times the fixed
anchor length. If the spacing of less than 0.5 tmes the fixed anchor length 15 unavoidable,
the fixed anchor length should be increased in proportion to the ratio of 0.5 times the fixed
anchor length to the spacing or stagger of the anchors.

It is noted that the bedrock contains weathered zones al various depths. It is therefore possible
that grouting of the bedrock may be required prior to installation of the rock anchors. It is noted
that grouting of the bedrock was undertaken in some of the anchor holes prior to installation of
the anchor duning the last extension of the dam.

5.1. Central Berm

The central berm is located immediately north of the concrete gravity dam structure and is
approximately 60 m long. The design crest width of the berm is 4 m and crest elevation is at
Elevation 110.5 m. The berm has been designed with an upstream side slope of | to 1.5
Horizontal to 1 Vertical and a downstream slope of 2H:1V. A 200 mm thick reinforced concrete
cut-off wall is located in the berm and has been founded on bedrock. The exception to this is a
section of the wall, which is reported to have been founded in the overburden. The berm has
been built with sand and gravel fill. A 600 mm thick layer of 100 mm to 200 mm riprap has
been provided on the upstream face of the berm as erosion protection.

A review of the dam safety report indicates that the upstream slope immediately north of the dam
is at an inclination of 1:25H:1V. It is reported that approximately 20 m length of the upstream
slope just north of the concrete gravity dam terminus, extending approximately 1 m to 1.5 m into
the crest has slumped by approximately 100 mm. This has been attributed to the overly steep
slope in this area.
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In order to raise the height of the dam, the existing concrete cut-off wall and the berm will be
raised. It is recommended that the upstream slope of the berm should be raised with rock fill
which should be placed at an inclination of 2ZH:1V from the toe of the existing slope. The rock
fill berm placed at this inclination would result in a stable upstrcam slope. Rock fill is
recommended for construction of the upstream slope as it would be stable at a steeper angle
compared to the sand and gravel fill. In addition, the use of rock fill on the upstream side of the
berm would result in less silting of the reservoir compared to the use of sand and gravel fill. The
downstream slope of the berm may also be designed at an inclination of 2H:1V assuming that it
would be built with sand and gravel fill. This slope should be protected from erosion by
providing a laver of riprap at least 600 mm thick.

5.2. North Berm

The north berm is to be extended in the northerly direction so as to abut the bedrock surface in
the valley. It is recommended that the upstream slope of the north berm should also be
constructed with a slope of 2H:1V using rock fill to prevent siltation of the water reservoir. The
downstream slope may be constructed with sand and gravel fill placed at an inclination of 2H:1V
provided that a layer of riprap at least 0.6 m thick is provided one the surface of the slope to
control erosion.

The concrete cut-off wall should be socketed at least 0.5 m into the bedrock at the base as well as
where it abuts the wall of the valley.

It is noted that a portion of the concrete cut-off wall is founded in the sand and gravel
overburden. Consequently, the potential for scepage to take place beneath the concrete cut-Off
wall exists in this area. It is reported that periodic examination of the area to date has not
revealed any signs of under seepage. However, the proposed increase in the height of water to
be retained would result in increased scepage forces. It is therefore recommended that the
portion of the concrete cut-off wall that is not founded on the bedrock should be grouted to
achieve an effective cut-off. The grouting should extend from the founding level of the concrete
cut-off wall to the underlying bedrock to provide a positive cut-off.

5.3. South Berm

Because of the increase in water level in the reservoir 1t would be necessary to construct a
concrete cut-off wall and berm across the valley in the vicinity of Borehole 4. This borehole has
revealed that the overburden in this area comprises of silty sand and sand and gravel underlain by
silty sand till. The berm may be constructed with upstream slope of 2ZH:1V if rock fill is used to
construct the berm. The downstream slope of the berm may also be constructed at a slope of
2H:1V with sand and gravel fill provided 600 mm thick layer of riprap is provided as protection
against erosion.

The concrete cut-off wall should be socketed at least 0.5 m into the bedrock to prevent seepage at
the bedrock/concrete interface. The wall should also be socketed at least 0.5 m into the bedrock
at the two ends where it abuts the bedrock face in the valley.
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6.0 Granular Materials Search

As part of the geotechmical investigation, an attempt was made to usually locate any potential
sources of granular material present in the vicinity of the site. For this purpose, the site was
visited by a geotechmical engineer. Visual examination of the area revealed that the majority of
the area comprises of bedrock outcrop with minimal overburden deposit. The areas where
limited overburden was encountered is in the existing valleys adjacent to the reservoir.
However, removal of the overburden matenal from the valleys is not recommended since this
may result in an increase in seepage of water out of the reservoir.

Information received locally indicates that the granular materials used for the last extension of
the dam were imported from the local gravel pit. It is anticipated that the material required for
construction of the new berms would also have to be imported from the local gravel pit.
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7.0 General Comments

The comments given in this report are intended only for the guidance of design engineers. The
number of boreholes required to determine the localized underground conditions between
boreholes affecting construction costs, techniques, sequencing, equipment, scheduling. eic.,
would be much greater than has been carried out for the design purposes. Contractors bidding on
or undertaking the works should, in this light. decide on their own investigations, as well as their
own interpretations of the factual borehole results, so that they may draw their own conclusions
as to how the subsurface conditions may affect them.

The information contained in this report is not intended to reflect on environmental aspects of the
soils. Should specific information be required, including for example, the presence of pollutants,
contaminants or other hazards in the soil, additional testing may be required.

We trust this report is satisfactory for your purposes. If you have any questions regarding our
submission, please do not hesitate to contact this office.

Surinder K. Aggarwal, M.Sc., Ismail M. Taki, M.Eng.
Principal Geotechnical Engineer Manager
Assistant Branch Manager Geotechnical & Materials Engineering Services
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