Contents lists available at ScienceDirect

Engineering

journal homepage: www.elsevier.com/locate/eng

FLSEVIER

Research
Tunnel Engineering—Article

F A IRYFA Bk BB UL T B — RSB EHME LE I & LU X 277K
BB I0 B & BB %R 2 i P E I pI Bk ik

Nichole Boultbee **, Oliver Robson ", Serge Moalli ¢, Rich Humphries*

* Golder Associates Ltd., Squamish, British Columbia V8B 0B4, Canada

® Innergex Renewable Energy Inc., Vancouver, British Columbia V6E 4E6, Canada

€ EBC Inc., North Vancouver, British Columbia V7L 0B5, Canada
4 Golder Associates Ltd., Squamish, British Columbia V8B 0B4, Canada

ARTICLE INFO HE

Article history:

Received 31 March 2017
Revised 7 September 2017
Accepted 22 September 2017
Available online 13 March 2018

P 0] K s T H (ULHP) & —MRRaSRBIH , A2 F IS KA S B EFe B4 5210
WP, PRSI K B (HEF) ZHE%, SEENIEEN 106.7 MW. X% HEF A /5 g5
R ITAREIKA T EARE G RAAFIAA, @ ABEE Tl CRT-EBC 58 . FIr
Vdsein] b HEF G35 A5 085 B 45 P24 2500 m K. 6 m 98+ 5.5 m = REI . 0 H A7
F X, T2 E RG], BARERURE SR, N T NSRRI, It
TZBNAH . BUHAL T KA KL B R BT, 128 Kl A2 I 22 K 7 358 g 1 & R0t Ko B ) 3

A S AR LA B, Etr B AR e KL TR (B 2360 4F DD TRRAGIT
[ LR BUZ. BBEIER L f £ R 2 RUR LS UUBRE SRRV A BB CIRAE 2 AR R M)
M*EM Rk, —ELFIEA R RIS N KA B 2 BT AR BB R O M T 7 B . S, JREST
il SN2 AN KRG, ORI AT TR, 8 7GR B I L
B SUERE AL, JF L1 7 EBEIRDEI MBI A K 1L ST R LA I S IR P2

e © 2018 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher
A Education Press Limited Company This is an open access article under the CC BY-NC-ND license

EESEET i N (http://creativecommons.org/licenses/by-nc-nd/4.0).
PRI B i)
L2|= (T Al 0 SR B AT S B MR A

P BRI B KBS ITH (ULHP) & —MEii
FORHBIUHE , AT INE KA G @RS LA 52 Rt b i
(E D (1], HAENMESZE K& (HEF) 20, &%
WA B N106.7 MW, X EEHEF A A5 42 K550 1 i B )
HIREKAFAEABEBIHREKAFIHA, @M
Rt T. FH CRT-EBCIE ik o fFN— A2 UK
WiH, ZOH G KE RN, (ErEd e

* Corresponding author.
E-mail address: nboultz@hotmail.com (N. Boultbee).

] ALK K HE R B, BOK D5 ) 5 2 6] TR 7K I
2GR ERMT I, TR IR 2 AMA KR AR AR . Xt
TR 5 BERm B (ULR) HEF, HBUKA Y K5 5
AN—%K2500 m. TE6 m. 5.5 mi R HEBEE, K HRE
A5 HEZ3.6 m. £1600 mff) & /I HE; & ITRE
WIS TR s AHE, MU S D5 N e 364 6 ) Al =X
KEEHL, MKREAEENSIAMW. BilHENS3m™ s,
B IR PN B K 7K Sk 25824 m, T B3 KL H192 m. T

2095-8099/© 2018 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher Education Press Limited Company
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

: Engineering 2018, 4(2): 260-266

: Nichole Boultbee, Oliver Robson, Serge Moalli, Rich Humphries. Upper Lillooet River Hydroelectric Project: The Challenges of Constructing a Power
Tunnel for Run-of-River Hydro Projects in Mountainous British Columbia. Engineering, https://doi.org/10.1016/j.eng.2017.09.003



284

Legend
- Quaternary volcanic rocks
| Prehistoric avalanche deposits
\ 7 ‘

@ ¢ Historic debris avalanches

A Major volcanic edifices

Strait of
Georgia

Vancouver

)
B L. A FUAEE LA P I LR B Sty BRIz A B 1]

H 5F$ir25.3 MW E A7 HEF [F] B} 76 2012—2016 4 0]
i, A —452900 mK 1A R .

UL RFE I A A7 B BRI 142 250 % FH Bl g, A3 H
THEA R W S & EARIREE IR 5 18 AL UL SO
Figkg. bR TIEEBINE . B0 BT A A 1/

T, T .

e —
o, o ot Meager—2—p =N
y&'fﬁ-mw‘/dléanic Complex  ..%

(last eruption: ~2360 yearsEP)
#7500 Al

R W At BRI R B EATR . ULRREIR K0y iR ke
AR, TR BE R AT HER BB AT

ARSCHIA T ULRA LBl RS I S FLpt T2, R
B R it 2 ) S o5 b B R R A (LR . Ul
ARG EFEXERTD

2. RERS I E

ULRBEIH KBS ULREI AR ACMSPAT, BA IS A
TEAYEEAE ARAR(EE (FSR) S8l ULRBEIFM L3z O
(CH 0+065—CH 0+582.5) F1 R i i 1 (CH 2+533—
CH 0+582.5) 43 AN FHUREATITAZ, THZHUE 90.4%.
BU/K R b 9 VAT VS FSR 49 kmAb#E N, FSRMCK &
W kol 24 AR B S ULR CEE2) [2]. R 9% &I 10 a] 1%
FSRM44.7 kmAbit N, {7+ Truckwash #& (—2XHEZE
HBEMAE) T | 5412 kmibiEN, £ FF
PR AL AR . X RO T IX I TG A % B kAR,
WLEEAFTHTIA .

3. BERE A 2 I ) FHA N LSRR

H ULREE I L3 D AT T2, 50 5 oK% ek
% A e R A R I AR L, EN AT
SRR R, BN K SR A AR AR A . B
T 2t o L X L PR Z I i B 7 2 R Pk, X
WA SR E > U Tl FHUOGE S 1A 17,
R RE A AR, B Re s A S, AR

Forest Fire
initiation g

Boulder Creek
Valley

2. ULRIZ N I 76 B (2]



W JZ= 5 R BT DA R b o AR SR X R 2 i o A B AR
— Ui,

3.1, ONAIR M E

B oty A E 2 E I O AR M R R 4y, 1%k 2 B
IEARKL A FEAE TR R, X8 KL A AR =
FE A 23604 Hi (1 KA I OB TR R, A7 T ULRIA
BHE R T BV R MR TR AR R A A [3,4]-

1E FE 423604 1 1 K Lk K 2 1, AR T Kl 2K
(A Wi, fEBNMAE NERENVERY, Kbk
PURL I Y8 B 3ZE 321000 km A Ah. 32 B mE H ) i B
AR 25 FR S IR B K SRR AL . (ERETR L3387 (CH
0+065—CH 0+470) JF¥2 1K 2 BUa A # 2 Ja 45 1 B
TR CHEFR NI &5 f R Do 16 I B8 e 1L 25 Fn 3
JRAA Z A& — AN EEATH, A DY & A AR [ 4
KA MERR VD . AE AN BE A T R T i B (1) 47 B AECH
0+466—CH 0+478. A MG LRGN “ a7
T3, WEBHTR.

T S PA M R AR 3R B s 3 B E R AR
YU B8 2 TR AR [2]

(D) IS4 MRS BT B AR -0 A K/ 2
PR R NP R N RS ey o oo i N VAR REE L e
I 25 K LR FRAR N o TRR A LI % PR P I 45, 18
HWONHUIR, AN, (R E S R 2 sy Gl
WAEDURMI A T EE) MELR] 7T HIRTTHL, 75 F et
PrE, REBE RIS A I A B A Rk B0 2 8] TR
TEMS G5 iRE T, MRS AaEEE (JERE<
1 m). fECH 0+065—CH 0+470, M _E¥#iH HIT4G, %4
T B P (R0 45 F iR Hh

() MRS THAR—HE (JEE<0.5 m),

28

| | Very high groundwater

A

inflows prior to grouting

r

285

ke, HLEAWRRE. ZEZEH. &Sy ek
FFILAR 7 55 2 ST ORI 2

(3) B F K HS 73 A ] 45 TR J= 0 H A B EE 42360
SR K LR R A R AR BN A AR 2 o B
Ak b B 1V A DA BORR A DU 6 T 2
W, HMERK, FFATR. EBFENESKS m
AR EBREA RN, FRER (B4, HIREN
kR, BEANY.

(D) TEFA T HMERN—Z, SMFERNIEES
23604 | K LR R Z BT A A AR MR P . 1% )2 R
ALK, MO0.5 mEN10 mmANZE, dsEr. Rk, W
RIS T IR L. SR P B E ARV 8 T AR
Kb, 4550 BIRHAFEANEES 24454 (£ 684F) .

(5) TEAFEETHIE S BJRZ MK . TR R
213 m, RAFG, FLEWE, BhUM--Eiae, B
AR H . SPAMERAEEIEREE, (HEEAF,
I3 INTE B A FEARAR i K s 2

TEVKIY) NGB IR A A R RN, Hd
Y5 T Wb I T2 1 R B8 23 . 15 BT 9T & T AN AE T 4%
oy A A R SR B K 2 HCE .

3.2. PR K

TETH WIAG v BATE], TR 0 B R K AR N .
SR, — BAEIRGE MURE hIF I, v B R IS bR
(1) ¥ 7K B 3t J2E R e A A TR K . AR B B — 8 K
JE B 7K KL E A A I 4R, BT BB RN R B
{50 mZE A JULR. FETRAT400 mH BV 7K I & 70
7000~8000 L-min'. Jiti T /KEHAAGIEFEHHEE
PRAEYE, TEI BT AV 52 21 B B 1 S T R . T2
B T AT KA B B, LA SANDITENL, 78 5 IR

e .
004 N Organics
&
QO and burnt
B
N trees along

S
l contactx

T T
Q
l@ &
Q” Q" Q” Q" Q* Q” Q" Q* Q* Q"
R & & & & R & & & &
- . e A . A
-~ F i gty FaiN -, - i
Welded breccia Fluvial Pumice Glacial till Tonalite bedrock

soils

B 3. s i i IR BRI T TR R, BORBE IR TS I B BRI o



286

Grouted pumice

Organics

Tonalite bedrock

B5. REHIFHZ2 554 AHWRIKE) X TS s N s 5.

e e AR, A ZUEGRI A CO, B B pHAE, AR
HEOKAF & P B AN GOABGE M. B 6 s o L i iR
1A T AT 7K A B A 15 I

B SRTUYIAE 1 e LR e Bl N A7 A — B3k, {H
FEANAENE S AR P AB BT K R i T . 4 T
vl WSRAE R S5 PURRR WAAAE SR A B, R4
A AT T2 RIBR IR Sy B FR IR T R 58 i, 2
AEH IR AERT . PRI, AERLECH R BT 2200, BB T
B 5 B R TR

3.3. i S A5 REK

TE 38 B A [ 45 PURUZ 2 10 K 2925 mib B 1 45 f ik
HIFURRATE SR WEIR, 1 sRIE HENBRIE T30 A R 7K
o ERERNBORAT “EiE7 BIRLR, k8%
TR Q4 mKH#F) ALSTFEMHRE. BT
W38 B T BT K AR TP AARESR, KK ANIE M

B ) K AR T REAN S AR, DO AE AR T 2 A o
I ETHZ IR AT REAX A A 3, JF BT RE A Z AT T
SAE AR FE I DI N BB o

BEJa, 8 THRsEAa Rk, ORISR, JCHERR
JFFAUIRRZ, AT T B 2R . J7 SRR 2R
BEIRALKIEAS m, FE[OAMEST . SR BB R HER AL AT R
ERZEA20mbL ERES (K7). RIEEERZ TN
B IIRAKR DG AT R IBOK RS CRI & 2RalEe) 45581,
BRI S B RE SRR AR R A L CBPAEILAE A,
AN B AR RE (103 25 s 70 AR — B2 AR PR R ek 2 W
PN G XA, A EEEAT 7 IE S
B, AEFHZ AR LR E . HEIRTT RINIRIRVE W27 3
HR[S]

3.4, FEiE IR 5 B s S

TE UL RS )6 45 Bk s AR s A o2, i
WOR R . T2 ROA 26 ms R4S ABRA NS
FSCPIEE K 2.4 mi&. ARE2 mAHEAT S5 IR0 22 W)
BBk B IE T B E AR (B WS IR R

BE 7. Ui R R SR ol FOWE S T SRR LA BOR IEI 5]



TER I ESP S

FRZ BRI RS, ER WU TR . T T
VETHT A 13T AR e e o P S 45 F R R, BT LSRR FH
FRAREE R o T E AR T )R 5B A 4 85 0 2R 5 I iy A
W, WOR FH AT 8 AT URT R A7 40 3

TE R AE BN I A TR )7 mys B A, S &5 A R
FOB BRI b, %71 58 4 B HE T A 2
SR A T 0 3E WL LE VEE 207 A0 R AR WL R ) Hi 2 5T
FITERITHZ o A0 P T DUR A ) 4 W7 TV [l P 4k 20 4%
SmZJa, KRWFERNKERESE ML, w5 LRE
AR myGHE Py, BT R SGE B A W AR R, T
YRR AT AR R (13D

I AN, 2R TS NS B A bR
90.3~0.5 m. K12 miHEMN T 2H R, 22 A R
8° , HEUHZIMEImMES. PME 3 a Bt
G, MAMHE R B, B S NS B W E
st (EIR BN 2 35 20 . SRS SR 45 6 4%
AL B RN S VR g 1 O 230 4 AT S .
B T TR AT HE T I SCH, DR R 58 1 (8] 45 0 % e
YR T AR E 1

B TR b7 (R A 7 i SR AR N, B AR i
Bk T8 HE T 22 25 IS Q1o B2 58P i A B, 1
P WK AN AT A A2 62 )5, FF8240 m
Ve B A M e R o v e . RV M TR 7B o R
200 m, HEMRGRE REAEGEE/NTF6m. 1E454
BHEZNEEIEREBIAER (6 m) J&, 4k K
AT RS S5 V8 g 47 1 8 T b I S

R AN HE G 242 1 IR LA A SR it 52 242 1,
TEIE I P DU B 7 W B TR AR . fE A K
2500 mf) R i % SR B TR A EEAR,  PART 1k 2 A8
B HAB AR GG 7 2 B 1k, [R5 (8 AR I R IR AR 5 o

it T A TA, 0% ) 8 e i s X ) o 4 e
AR HLAth DX P 2 2, Jok S oy 2 2 22 1Y Xl o 5 I
(] IR AR IR HTR AL . BRI UE, B BE FOHL T 1) R
ATEFF2 2 Ja LRI 85 H IR A 5 A, XL 3R L8 )
FRBI RN I L ERAA D A E I R A . SEER =ML, A
T A AR SO PR A ARG £ R IR X
LRATH (XRD) W% ike, BARFYA Al aeH Il
BA . SR, CEWETI A, MCREUR) BoR H AR
AFNA L 7R A0 B FEAR 22 B A S i 46 o HA AN [R] R 05 4 7
BE o A7 AR BRI A A [ B ] B tH B — 28 540 3B
IEFTRE AR 1y, VY B VIR HAE THURT B VIR BE A I 1 A 25 R B 5

287

ZIAERE, fl 7T, 7 bg, FREIX X
KB AATINBEAT A o 0 e 24T B 100 mm ) 55 55 VR
AR, JFR AR RN 22 B W SRR A A 1 |
IESTipaR

4, —RgI B Bk

TR A I AN B EFAS LA BEAT VRN, TR
[ 17 A B I it 32 390 ) T s P 5 Bk Ah . UL HPIA T I
PF 2 HAh PR .

4.1. WA

KA U 24 25 PR G AE B Ui IR 11 R i ) K R SR
SRS IS A, HAERR IS K e 5 KR AR T 3 B LAk 6] -
ULHPZ B IRF AR, thiliiig kA Kl [ 7138 B e
K617 3 19 XU, FTRE ELRERZIULR, 5200 5 [ iz
2T

ANFEREFAS LL A 45 % - 1999 4R Ze 4T i — T i i
BRI, DAYk B ORAS UG 2 5 5| R 11 1L A 30 8 AR
IR SR . RIS LA B R, Bk A
TR 26 0] R 3 N 3 T R P () AR A TR 2R N N
Xk, XL R AR RE S EOL ERE, MmfEL BB
JR AR AL P B8 7K RN 5L R M

FE20104E8 H, 241 226 K 1t J& 8 8 14 325 °C LA
B, AESEAT T4, FREERAS LA, R A AEEAN .
201048 H6 H, EEFEIE (Capricorn Creek) il CKH%
U A AR B T BRI I 4D KA T — ik, sk
BENKAGIR, FHENULR. 1832 — gt 7 fEULR
TR E Wi B B TS #, %888 IS I ER] /512
BRI 5 K AR I AR LA . E20104E I 2 )5, %
Fa B MR W K AE A T o Bl S O S R 2N
FE R, R E NS K s RS AR K
THI[8].

RZ IR, KM U 2% 5 AR A AE FA 78 7
AFEME. BEFRIRIE YA ORISR, FEEAULR,
TETH 78K Z03 kb R AN £ H B2 5 ) 31 150 H
B H R ERE S (2). SULHPA RS R 2L
PR B AR LA SR B TRAT R A fa R, FeAmig e LA T
ULRIH UK ) .

DR R it S ) ) RS, il T SRR e A B
R, AR T AR RS < R A R g SR
(R o 12 B U ) 4 BRI N 52 e K B 1 A



288

S ) H X I 4 AR R A TP IE 25 C,
B K RIE )50 mmbl b, MISRAT “wm X7 2K
il H TP R AE I b KR 2 DX IS it 1N /8 T R
2 HAL SRV AR AT, BLR SE4xEh i) L i 1 ATROK
HTAEX . —H24 hN R FLA $35°C ol K sk 2
70 mmbA b, woE 7MW BRE. E W RME
LT, AN P SRR b K Rl T H B 2 ROk
M, [FIRFBL EFSROKTT,  PABAEfT A HEN

FEFEA T H HIIE], iR R T B20155E 44 20 doik
HATAEF, SE20165F4 31 dEEETAF: A 3K
KEIER] T RE, —RRAEA20154, FEA6 dLik
BEATA T, WIRORAEAE20164E, 304 ATk 4™ .

4.2. SAEB L
4.2.1. B ZEj T

PE e FRARAL BAE ML RS 2 — R R K. AT
HEHG LU A AR AE 2R 10 L H R 5 2 FAR K
GAFNN RGN K I o AT BEAE KT S B o 1R B i 7
AR AR, KR P 2R P 4 e, 475 72 N I
WA I B e 4. B, BDEFBE RN T, KU
VISRAFAE. TE20144F 5 2=, ANHIHIEHE L 48 A Kk
3.6X10° hm’ [ L b B e 5%, X A& i%48 i s 58 =Kk
KK o 20155 KB Z=797 1 K B R 28t v TP 3K,
FECH T IR N TG HIEOK . 2015 1% 8 i
KEJKKRZ —REABKK; XIRKET E A BRI
T TR (2D, BES T 6700 hm? LA (¥ -4 [9].

EABE KRG T 2015426 H30H, fEEAER L,
B H B K5 km (E2). KEMITEDN, Frak
m—, RGN LA R EH 8. 201547 H4
H, KAKEZERDTEHEANULRMA, A GG I H B
W (E8) . T H BIALELT A H P EBAL T2 H R IR AS o
SRTAT, BPAEZEREAN T H X A KE AR b, T H
9 K AR BN A T . BRI R AE R 58
TS, 0BT H 3 B O . TEMRBR AR
WRKBRZ IGEAN, RERERK, FHULRKER
KKK E, R & SZREERA . FSRE & Z P,
I E R VIR R, BT RE R SEE, Pl
RAF1EBIAE L

422, X7 T
IR T RIAZZAEN, SR, EREEL. B
TR R ORI A S 8O 220 TR TAE R

Bogb, HA A E SO E %, BrbAfE2015—
20164 LA J22016—2017F I & ZgE ATt 1, LU/ T
AT H HEEE IR . 2015—20164F 1) 4 22 A0 X BR A1,
P /K BB T 3K T H I % DX 3R A AN A2 2
IR, HEDim s iR . PRIE 7 ZA W55 F4edr,
PUREEXT AN 20 224 (E9). VF2AHAERE IS
HESBABIHIFSRAHAS, XL ERIRIZA 2= 1S5
Tolk N LAEBA KR T S5 i i Al . T3
FERIFE R, VR 2 TAERT (AR SZ 250

4.3. B —— BESY)
ULHPHEAT R 5 s B A, G “ AR 1
BRI (7 2 HARRFIE . EZ X IR A KED
Fifr, Mo SR S ARG IO Rl X L B RCOR B A
it /0 T H X6 52 ARG I RE R . D if 2 AE it T 39 18]

B8, B & kR, KKF20157H4H EEETH B LTHFIULR
WA, WIERIEX RIAT ISR .

E9. iEHFSR LR T .



% X IR ATTE P A R 5 ) DL B Xof W 6 47 o 5 SR
I R % g 4 i, 76 T 2 BT R AT PR R VAN 1
R T KBRS, EREFEENE LA
KIKRE . IRFE. WS, JUH R, 2/t
iz 5B 0 I TE) PR ) B3 N G )t AT B ), R B
WDAT A AN A HR A 18] AN JF g ot 3% 20y, s 0 e 75 7K
S, DL M. R K RAEZ S, R RIRFE SR
TG AT TA2 0, BIREG 7 — e g g f i, DA
RS TE R4k LRt NI, 1 5 5 R Ok} B 7E 4 = 22
A X S PR 1 R 2R

B0 L 2 SR B A4 it 100 H TR 1 Ak 22 B BB R
PERI A 2 — o I FEEBEAN LT RAEA LA TBEW R
BE L, EEFERTHERLEE, e — % ET
HEE B IE U AL T Truckwashi&E B3R B R IR 1, fEFSR
44.7 kmkb . IEHEE R 47 B IEAR T I % IR 1R 38 £ EY
KVt TARTE, 38 A 1 ™ AR BR o 7E T R I
FE B 7 BRI R A IE, R A e A
A ZIAE AR ZEFNAK =S PIEHE AR CLARE5E 1 35 B K
¥ EeetF L. tbsh, 211 S H9ATa HiE L,
5 L ey H A2 b S 1 h, BLAH&RTL hAl H
)52 he fEIXECIRGIRT AP, Z5IEAEFSR BATE, HA
FVFAE FUER AR, DEAFTH L Ed i E R &5 F
FNLCELEE RN, WAz kil T, EXse A0,
ATRUHR D T H, AP TR R A E 5 5910 higb>
FIShe EBANKTE, FRIRAMEZLENSHE, HE
W21 B WS A 2 AT TS 3480 (E10). 7E1

2015/11/22

E10. L. e BIE BHREALE AT i ik 500 —— 1L R &
ﬁ%;fFE: ITE SR N IER (S Ik =31V P N - PR R I (i eA i 1]

289

SRR M E], WS BT L AR AR N, Bl —
FBAN 2 32 it T M P Bt T3 2 T4

5. 4518

ULHPHjiti TGV 2 SRk, SN 58R106.7 MW
TEVEREIRIH , B ARIX LR . R T.2500 mK[1)
FEIERT, —3Bor gt T sOE e K R, FER
[ 45 TR IX . A B R 2 A K R ] 5 7 % el 0
H 2 B R R B UTAR I A AR R . AR KRR BE AR 0
WIA KL, BTh S0 T BRWIR T RIMIER J7 5. A1
G HE A A2 2 H S 3 T B A Pk 5 R DL
BB AR (PR ER, IR S, k. TR
Ui N 75 B s [ 4B AR 4 R i e T AR Bk . RO AE
FH AN AT F0AL 2R T % 0 A0 B A B B VR i T 4% A
MR ERMT L5, BH AT 6] 5 I e
T M.

Acknowledgements

The authors would like to thank Renaud de Batz and
Oliver Robson of Innergex Renewable Energy for their
permission to publish this paper, and acknowledge the hard
work and efforts of the full time on-site team—Brittany
Linnett, Chase Reid, and Ryan Preston of Golder Associ-
ates; the grouting team—Grant Bonin, Bill Lillico, Rob
Chu, Jeremy Hoy, and James Smith; and Danny Dugas,
David Gagnon, and Joé Duval Bourgault of EBC Inc. Their
dedication and professionalism for the duration of the pro-
ject contributed to a safe and successful excavation through

very challenging conditions.

Compliance with ethics guidelines

Nichole Boultbee, Oliver Robson, Serge Moalli, and
Rich Humphries declare that they have no conflict of inter-

est or financial conflicts to disclose.

References

[1] Stewart ML, Russell JK, Hickson CJ. Discrimination of hot versus cold ava-
lanche deposits: implications for hazards assessment at Mount Meager, Brit-
ish Columbia. Curr Res—Geol Surv Can 2001: 2001-A10.

[2] Boultbee N, Robson O, de Batz R, Moalli S, Humphries R. Tunnelling through
recent unconsolidated volcanic deposits at the Upper Lillooet Hydro Project,



290

Pemberton, BC, Canada. In: Proceedings of the Word Tunnel Congress 2017—
Surface Challenges—Underground Solutions; 2017 Jun 9-15; Bergen, Norway;
2017.

[3] Hickson (J, Russell JK, Stasiuk MV. Volcanology of the 2350 BP eruption of
Mount Meager Volcanic Complex, British Columbia, Canada: implications
for hazards from eruptions in topographically complex terrain. Bull Volcanol
1999;60:489-507.

[4] Stewart ML, Russell JK, Hickson CJ. Revised stratigraphy of the Pebble Creek
Formation, British Columbia: evidence for interplay between volcanism and
mountainous terrain. Curr Res—Geol Surv Can 2002: 2002-E3.

[5] Bonin G, Lillico B, Robson O, de Batz R, Moalli S. Cover grouting through un-
consolidated deposits at the Upper Lillooet Hydro Electric Project, Pember-
ton, BC, Canada. In: Proceedings of the Word Tunnel Congress 2017—Surface
Challenges—Underground Solutions; 2017 Jun 9-15; Bergen, Norway; 2017.

[6] Friele P, Jakob M, Clague ]J. Hazard and risk from large landslides from Mount
Meager Volcano, British Columbia, Canada. Georisk: Assess Manage Risk Eng
Syst Geohazards 2008;2(1):48-64.

[7] Simpson KA, Stasiuk M, Shimamura K, Clague J], Friele P. Evidence for cata-
strophic volcanic debris flows in Pemberton Valley, British Columbia. Can ]
Earth Sci 2006;43(6):679-89.

[8] Friele PA. The August 6, 2010 Capricorn Creek Landslide, Meager Creek Valley,
southwestern British Columbia: description, emergency response, infrastruc-
ture damage and future hazards. Victoria: BC Ministry of Environment; 2010.

[9] Wildfire season summary [Internet]. Victoria: Government of British Co-
lumbia; c2017 [cited 30 Mar 2017]. Available from: https://www2.gov.bc.ca/
gov/content/safety/wildfire-status/about-bcws/wildfire-history/wildfiresea-
son-summary.



