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EXECUTIVE SUMMARY

The Chegleys Ravey drains a ptaeh waershod on the west flank of Mot Garibaldt, norih

of Syuarmsly, The Chachys Fan eomprises spproxidately 24%m” o Fgertly stoping land
within e Diztriet of S¢namish. The Tanis subjeci-ic debms flow ansd food hazards from

the L hitekye River. The seutharripart of the fan is ostupicd by vesidzauinl Brackendalz,

The nodhern part of the fon iz undevelopad exéan for e Soantish Mrpoii, e Cheeicye

Sunstation, and staticred readontial dovelopmeni . There is.a reed fo consimuct mitizative
works. A ordes to protect exist? ng and-foture devielenment on the fan -

Al Btenstv studly was completad by Thubes Engwncoring and Golider ASSOCTALSE int
1992, This stuedy provided estimates of the dosipgn debvie flow magninde on thic Chedye
River, The Dismict of Sguamish and the Ministy of Water, Land g Air Protoction
(MWLAP) subsagnenily proposed & séric sfdellection haris ci (ke fun.

Tiwg.present shudy reviews the feasibility of the deiléction bohn copgein, provides
prelinunary docigns Tor the various b sociions, and idens fies Koy issues asiadiatod
i Tas sindy cencludes that the
deflection betny coticept: is feasivie 74 priniciple, whb. o Sigmficaty tageler of risk to
O facilitien, and would protect residentiat Brackendale fom ek ris flow damazs,

with implemsntation of e deflectica bem. LOITCIPI.

MWLAP sporified 2 10,600-year s period as fhe idoss ghroneriaded this study, with a
yolume o' 7 million i sad a TR discharge of 1,700-m75 Folow ing review, KWL
comefided thai thig Imagnitude tigy be foo tipl vishune, g far to0- low in poak
disharge.  An updated osiimate of the Jarzest event du. the past 16,000 yEars was
puggested o o volume of 5.4 miltion mr end & peak. discharys i 15000 7%, For the
pposc of this stidy, MWLAD Giviecd the dosizn svei magnitude o bo a yolumé of 7
ellion " and revised the peat: discharye to 15,000 m%s. |

FILGH2T3 modelling, was performad o simalate debris Dow deposition on the Checkye
Fan, Model s were, comploted. for existing conditions, and with the proposed

deflcotion beims im place. The suodelling-work provides an updated assessment of the
debeis. Alow 1isk on the fan, and also provides a basic for cstablishing praliminary design
deigis of the vatieysdefiection berm soctivns,

The targe magtitide of the desizn event translates into very farge deflection berms. The
berta sccions vary in heigint fromy ghout 123 m at the upsticam ond t a ininimum of dbout
¢ m, The associated construction cost esiitnate varies hotweer 2136 pyllion and $22.7
wtiffice, déperding peinguily on whiclinr Tmported or Jacal fill midterial is used. A

significar: sompoiient.of the cost partaing to regrading of Highway 99,

Ditailed design-would vead to addréss ohv wonipental 1ssacs, such 4s the borm erossing of
Uryden {reck and tree removal, Stakeholder consultations Kave ofcurred with MWLAP.
the BC Mhnistsy of Teonsporiation, the Syuarmish,. Nation and B | Tyiro, but further
discussion will be pegded with these and olher stakehoiders. duringiciailed design: Senie
design variations have boen ideittfied for considetation priot to detaited desig,

AR A
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;Wa‘_iw&kﬁm LR Np 14 agd ihs Chediows Substaton {which is abready protos

INTRODUCTION

PURPOSE OF REPORT

The District of Syuamies {theé Distivrs wd thie BC Ministry of Wister, Land and Air
Protection IMWLAF] fwopose 4 soties of deflection herms to provect tiic Brackendais
wen ol the District asainat durdags from debris Jows and flaod avulsions o the Chesiie
Kiver. The beems world alsa protect othier fan aaseis, Wuch as the Squamish Asrport,
gted o a

tzimeter berml. The opigingl deflaction herim coricepl proposed by the Distrior aod
MWLAP i¢ illustrated by Fipnre 1-1.

The paipascs of tiis repart 4% a5 follovrs:

*  roview and gescss the feasibilivy o the #llelhion berm concept pian:;

= provde preliminary design for the conaritueri berm sections, and

1dentify koy issues sssociaied with the deficction berniplan.

WOWLAR specifies - 10,000-year 1otusn poriod dobiris fow az the design event. On the

basis ol this report, the Disttct will be positioncd o make dezisions regarding possible

1mnlf?rﬂe.at=1ti§n of the defectdn b TR p?az f, WiHB or withadit mishfization.

BACKGROUND

The Cheekye Ten s one of the Jtgost fons n BE, and is subjoct to periodic Targe débris

Bows. Inthe absence o mitigative meacutes, devolopment on the fan has ieen restricted,

The (‘hec;kye 193’1 ks been -iﬁtﬁi’;;iivgiy' swdied.  Key docunierts aje ioted in the

Referentas section at the: back, of tais reperl. Thurter-Golder (49931 provided 2
comprehensive assesspiont of tho debris flow hazardz, with an estimated design debric
{low magnitede of 7 million 10°, cotrelating to 2 retem period of 10.000.years, Thurber-
Golder alo dejingafed the B info-zones of varying degrocs of hasard.

Tie District commmssiencd this study fo iifiate protection of .'-:A.'i-éting developed areds,
and possibly provide some additional development arca.

Careful consideration needs 1o o given to the tssue of transfer of risk associated with
construction. of the propoged deflection berms. Key assels a %0 he protecied by
deflection berms, but nof @ the detnment of olhicr facifities. 1f also needs 1o be
recogmized that the berms will not fully profect severaf linvar developrismts o the fan:
Highway 99, the BC flydro transmission tines, scveral District roads. sod the BC
Raitway tracks. There needs to bs 4 rationahzation of ther risk sttuation for these assets
afyd wnimproved land én the upper fan,

KERK WOOD LEIDAL ASSOCIATES LTD,
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1.3 ScopeoF WORK

The work prograniwas complated in twin stages: congept reviesy, and prelitanary desizn.

The seops of work for these two stages is gencrally

Taple 1.2 respectively.
Table 141

fummarized tn Tahls 1-1 and

Werk ngmm fm’ Cﬁﬁ&epﬁ Rev:ew -

tem:

“Deseription.

PR

: 11’ Pnga-:‘tmmatm

f Obtatn anu re\ jew heckground Gitmmaton, mrﬁm‘mf*

+  diyital tass mep wiorraion;

- fopotraphic data and reapd;

- previousrepoHstand

- Rlryey confrad, '

Froject intiation Meeting with Distict and MwLaP:

- review propded work prigrem,

- establish canireurication protessi for prowect,

- distuss fustoric entivities;

- eonfirm Districl's inforavation requirercents. grid

- esiatlich stakaholder confane; st review siakehdider
corsulistn process.

Perfvin:Gverview inopaction af fan ary,

Wailk proposed Berm alignienis.

Disruss key pmj& t a*pncfu witil Ulslricl: and MWLAP,

el 1o

1.2 H’ﬂ“ rd &e’u i

Revisw 2nd SUNEMETZS redent re. ;eqrrh by M. Jakob, P. F rie !e
ard 4. Cisdu,

Review previous debeis fiow magnitude esivnates for Ghoekve
Fan.

Review availtible sbormation on farge-scale veicanis debris
fivngs i gther parts of the world '

Recrmmend design (10,000-year réturm pericd) debris How
Yolurwg and dischargs,

Disicuss réconiinended detiis flow volus and discharge with
District and MWEAPR, gei direction for proceeding with atiidy.
Lisciiss merds of ustng relum penod fess than 10,000 years,

Modeiling

) Obtaln some frifiaf tﬂpogfaﬁhif gtirvey data and Fald

measurermients to faciitate sefup of FLG-2D modst
Calibrate FLD-28 model Using knowlsdge about past debris
Hows,

Set up FLO-2D insdel tét ediching conditions, ircorporating

" available fopographky,

Run FLE-2D model for existing corditions witts de.wgn debits
flow magnitude;, 2nid oher lower magnibide ssenarics:

Remodel désight debris fiowwi) proposad berms
_Establish prefiminary Gegign Lefin heights.

KERR WGOD LEiQAL A&soc!ﬁms L‘m
Consuiting Efgiaeers
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oox T Demerighen S
~|®  Produce model rosulk taans e dantty a srecs petentially
subjact b a frangter of fisk from e propddad beims:

= dentify Tacdtios that would nat e prolented by proposed bermg
Highway 9, hydro towers, tefecortmunication hines,

. Mavelzpmient areas, ete.). e e D
Pevisw proposet! barms in view'af riodeling fescits ar T
nvastigation.

Assess feashility of propusad deflection berms
Consider fogistics of berin cros sings At DAder Creel: and

+ Highway 92, . _

*  Conbwer potential berrn issues with respect i Waiwakim | 5,

b Mo, 14, Poquicsin & Skanvair ER. Na. 13, and Chesksinue LR

Y 54 Ca:ﬁ-'w FE"‘.iew

cac SR e LIRSS S S
»

{  Noit 1
{~ Frepare briefraport to documant cancept review, Inefude: resuits
of FLG-2D nydeiting and 2 eomprensnsive plan. Prdvide
recammandalngs Tur deallry with any sigrifisang tansfor ofosk |
enfited. ldentify design istlss avsooiaicd with esch ropased |
benn. Alsa privide a e smeration for procesding fo
| prefiminary design,

* Mest with District aid MWLAS {0 prasenl draft raart. Finsize
TSR berm glignient and inttiate feld survey
' * Otiais fsedback un draf repuork,
: i Regortfobeincomoratesinti prelicrinary desian sepen
|__secondstagecfwork |

Tdbie 1-2 o
Work Piogramfor Prellminary Design e —
by, Hem - o Beseription
|21 FedSunvey |« Parform datated t0pographic survey tor proposed main berm.
*  Redure suryey noles ahd plot base plans |
~ Suivey for proposed deflection term, highwey relosation, aiport |
bain and substatiors berm will be separgte future sctvities, .
f.*ﬁﬁéﬁéké.éémméalﬁu&éﬁﬁﬁtaj invastigation for main
LA,

~ g 488t plt resulls; and

- péiform eoff gradation fesis.

*  Perform:stabitity analysis bassd.on Risimingry desion term.
geomelry. ?
nvestigate seismic stabifity, pacticulanty potenial liqustactionef |
ary fing grained solfs idéntifisd. ]
Provigs gaotechrical récornmendstions for detaies desigh
Limnit scops te miain berm,

o o . Documerit geolechrical ih;{cs,ﬁtrg_aﬁon'ﬁ*&if;faciu_‘s'__l:m;_{mappff vl
23 Prefiminary  Esteblish betm design criterta i corvsiitation with Districk and
Dezgn ' MWLAP (fréeboard, impact forces, berm geometry, ete. ).

) . addrassing both deliris Row ghd flocd Svilsion idzards .

LI

2% Geotschrical
InvesHigation

. ‘ — e o TN

]

=le &

ERR DLEIBAL SSORRTEL L o
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B

| Mm;: w"“ L’"‘d and VWator BC anf* other Bd mtbjm P

_ USSesSmiERiS. el

T.‘l':Ci.!‘ 3 projedy :

Mewt with Sea o Siy Highway Corvidar Technical Ligigon

Gormmities for Urban Squandsh e cidcuss isgiies associatad

will; berrev trassing of Highweay 99

Meetwih Souamish Fation o d&fwass- project lssues

Meet with BG Hydro ta diccuss Issues assotiated with berm

srossing of ransmission laes

Update FLD-20 mode! to assiet in redining term ahgnments and

ciest slsyations. }

Uze fatd survey rrormativnic plepare prehintinary design

drawinga formairi parm (bdtwsen Highwey 98 and Govemnmsnt

Fusadh,

Usa svaisble mapping and suréey nfirmstion to prenern

prefirainary desigr: drawirygs for upper berm (2 oF 3 aherhatives

Wawakurm befra (1 siterrsative) ard airporf Berm (one

slignmeit).

Eigid teview of ;:mlmmrg design by prisfect team

Fisled teview with envircamental consuitant Sbfain lelter repost
o enviroiunentzl issyes that sould affect project jeasitiity

gdeﬁect'ﬂn Perm grogsing of Drygen Ureek, impact of ree

mepibval on rapiors and piher widi} i)

Crelicoates existing property Eotndariog and proposed right-ci-

woy icundaries. T

Prevent padialsréliminary. dosiorn to District, MWLAP and sy

ather siaxeholders salectsd by thé Liesting?,

Dvigin feedugck, update drawmgs Tor inclusion in preliminary

design report '

Prepar preismmarg aesign report <uturmentifig the areliminary

desig, Breviding & Class Cedfistiuchion ¢ost éstimeats, snd

im::luriing at implementation plan f6 Bddress construction;

ogistics, suth g8 materisls managetent and staging. Aisc

Incerporats prelimirary geotechrical end srvifonmental

724 Design Review

Pre&em dl aﬂ rcpqﬁ ‘a Dlstr-at Councd

Mf_nft_ Tﬂ’lg! darurr\e;nts ta EJ‘-stru:'t=

1.4 PRoJECT TEAM

'I’ius teport was prepared under the direction-of Mike ¥, Currie, M Eng., B Fg, with
input from thy following sender LWL team merntizrs:

n

Nigrl Skermer, MSc..
Matthias Jakeb, Phe I‘},, P Geo. ~Benior Geoscientst,

Ken Feraby, P Eng. - Senior Civit Engiricer; and

‘Hartish Weatherly, M52, P.Geo. ~ Fluvial Goornorphelogist

Lng Qcateehrucall,n&Lneer,
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ii.,:r.. i*na“ P Geg, assicted KWL by ;«n’wﬂmw background  salormation far
Section 21, Mike :4;!3:)1:‘ RPBie, of Casonds Envuotimental Resoirce Groyp
provaded mpn* ou eivirnmntad resoures vales,

dnpat wiss: alsy provided by Mick Gotfardi, P Eug., and Rod Pleasance, PIng of the
Ttistdict anet Bon Heary, B b}‘a »-0F WL AP,

9

ﬁ?’}?ﬁ"m E—'ﬂ



Cheekye River Debris Flows

C'0 SL LT G: E N GUCN B ECR S



DBTRICT OF SuudmisH

PRELMINARY DESIGN REPORT FOR CHEEKYE FAN DEPLECTION BERMS
FiNAL RepQrT
AUNE 20003

2.

2.1

CHEEKYE RIVER DEBRIS FLOWS

ReCENT RESEARCH ON FAN EVOLLTION
OVERVIEW: OF BEOMOREHOLOBY

The Chealve River druins a stegp, decply invised watershisd on the west flank of Mouni
Garivaldi, 2 Targe Quatomary shdavalesne, This yoleano was detive st the end of the
last pis ¢iztion bit is nowe demant. Voleanic raalerials on the west fiank of the volvans
originally deposited againct i, were debittieyzed a3 the 1ce thinmed, and collapsed, "Thé
debiis was siibioquently ravvorked by glacial meiwater. Those maienals compose the
upper Chackye fan, a deeply intised, taised fan dcposit lving betwieen 320 B and 400 1y
eitvation. Dorng the late siagey of deglaciation. stagnant ice lay in fhe middie fag ared
“betwoun 32010 and 2001w slevation. By HLA00 yoars sge, the middic fan was
completaly tee froe and the Chaskye Fiver had downenit 1o its present grade, cordrolled

- Hyearok ST Eowristraion 51 Stunp {alle (Frielc and Clague, 2002).

The fower Cheekye Fai i fhe product of rewething of the upper antt ratidly fan deposils,
eotimucd deébris Aow activity Frore the Danks o7 Boant Garibaldi, and flavial processes
The lowor fan eslends Bodt it apex at 190 w-etevation to. e Squinish River figodplain
Tetwieen 10 and 25 m.. A secondary svision: point is Jocated ain the noribom sectow &8 ke
i at an elevatipn of 120 m {the seeondacy fan spox).

Frivie ef ol (1209) devélupec a Holodune sediment budget for the lower firt based on
radiciarhon, tedt pit, and géaphysinel {grourd penelrating tadar) data, The sediracnt
budget indicatcs thal %0 percent of the matefial stored in e Tower Tan wus deposited
before gbott 7,500 ‘years ago, and that sedifent supply has declined expomentiaily
ih‘t‘;ﬂ_gﬁ_, the Holocene Thus, the owst ian 43 largely & product: of the: geclogic past,
Other relevant fndings include: o i |

*  themajority of the mid £ late Holocene sodimentation has oscurred in the central afict

northorn seelors of the lower fas, -

* lussthan 1m of aggradation s oceured in the south sectof since 8,700 years ago;

% a ground penetrating 1adar Frvey aceass dhe senthem fan margin revealed dedtaic
Tacies 4t 0 i beluw $éa level, idating that this. fan coetor had built sut 16 its present
evtert during the regional mirine lowsuand 10.200 years sgo;

= dating of wood frapmrents %t eXpesures o1 the soutbere fan margin indicate that the
lower southiem fin séctor had completely formed by 13200 years apo: and

KERR WOOD LEIDAL ASSOCIATES LT5: Rk ‘ o T ey
fégrgggh‘fﬂg Engiribes
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% & Wt io 15 6l deep chanpel extdnded westward fiom the sccandary apex to the
wqu?rw#hi?vfet beiween 56006 1o 7,500 years g0

Fhe sroximal nortion of the fon below the priveary apex i wuncalied by the fan portion

below the gseondary apey mdicating that the fun emanating fréan thic point 18 vounger

fhan 41;1; from the primary apex. This trudcation asd the Lack of dbandoned channels
noross the spathern sootor suggesisthat the fan hoad zbove 120'm elevation had heoorne
gnfrench: c& botwsen 8,700 and 7,500 yzars ago. At some pornt, theshatingl was captured

1) 1 Hrisant position and flowed %est ncross the gl sectar ¢f e fon, entrenching the
previously nofed deep channe!, The sver accipied fhis chonael for 4t east 2,000 years,
agrtiig abowt 7,504 vears ago. Followiig a large debrig {low about 6,900 vears ago, the
Chockve Biver resarbed this positich. Ultivhately, his chansel was hillgd Iw g gcnes of
debriz Sows after 5000 years ago, chvc*ﬂﬂg the chanaal i ity macderin position on the
northicen fats sectiond Clagne ¢t ok, 2003, in prese)

in sunmnary; thare has Besy ¢ P Jg'remsa siortheriy sweep -of the active channel and
wastgtly shift of the Getivi APEX. MTESPONIE 1.0 sh.ap dechne ur ﬂ“c'drn apt supply through
fhe Hﬁfﬁ PRS.

IMPLICATIONS FOR HAZARD ASSESSMENT AND: MIMIGATION

'I'l»u aralysis of fun geomorphalogy by Frieie ot al. (1999). Fricle add Clagus (2002) and
Clague et &l 12003, i rress) has impottand mpl.mﬂnna for hasArd aszesstaent ang

it ipation;

1. Tha sagiarity of ihe debos fow aotivity ot the Chedkve Fan ocourrad during the early
Holopenz. Swiiment yicld duringz the eaily Holos: ene may have boen 20 times higher
thay furing the present Hime Conseqtiently, the probubil; ¥ ad mafmrtudﬂ of debiis
flowe has dlmm!*h?d since thet prag.  This observation implcs that debris fiow
frequenties hascd .on past Bvetite may be guestionable f cxirhpolated fulo the future,
aid 1iaplies that the Jargest debris How recorded in the Tast 10,004 yeats may hiave a

‘higher teturn period fhan, 10,000 yeits

¥ The cenfignoation of Highway 99, constructed ia the Tals 1970s; has caosed changes
16 the flow direction and increased the likchhood f debiis Jow svulsions at the
Higlwway cressing. The h.ghv. ay-bridge shutments blsck 2 poition of the fan-head
L“H‘TETEL ht,,d chquel m}d wﬂl 3c|. LQ d{ﬂect larg,u dcbns ft{ WS arruﬂl Fa.lrtl‘nemwre the

mm ;*raekmdate

These Imphestions nesd to be comsiderad in any hazard mitigation activities on
Checkiye Fait,
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2.2

Baged o daicd loke gohre

DesiGN EVENT NMAGNSTUDE

The dasign event fou this prigect i dofised ¥ e Temns pf Reifrencd as a 10,000y zar
)

ot period debug fiow, The svoat dmgnitude for s return poriod was specificd by
MWEAF on ks basis of ihe thurhn Golder (1993 peport (a iolal volunie af 5 million

A and apeakshsmi*a;ge oE 1,700 m'/s). Both the wotdl volume and ks ek d]\»h&?ﬂ e

impostany, in modeling:avy {;"51.“}}’1' apad rundut on tie £,

This gnb-seeiion sevisits the l"i,{ig\n magnitady estimate of Thuthe er-Gokier in view of the

recent work' by Clasue of «l {2093, in Presa). Resaach has fcussed on tie previous
large debiriz Oow evenls on the Checkyes Fivir

thie Stumip Lake debris Mo - about 6000 Yeats ago; anisd
* the Garbazc Dump debns flov '~ aboge 300 to 1 vuf 16 yrary ago

Eoth evenls mgrefermsceathroushon this scotion.

DEBRIS FLOW PEaKk ISCHARGE

Fstivaates. of the prak distharie of husterio debris flow evenis on the { heekye Fan have
beew Joeamented by Clague of & (3002, in pross) and ThorbenGoldsr 1993y, The
fellowing is @ cununary and citigue of thise sstimates,

Clagus et al. (in press)

sedinents, ¢ ngua. ef al (2003 i pross) estatlished that the
Stunp Fake dobiria o parhaliv avulsed from the (heckv»,, River iniu Siump Lake about
6,500 years age. The ;immc‘ immodistely notth of the lake has a Gross-sec L@nal arcaul
a“arr(r*rahzly LCY e, To esditmate t‘u. velueity of thrs debits flow f‘vcm, Clague ei 2l
{293, m pressi used the folfowi ing equation baisad ou the Nevitonian vidous ilow mwodel

{Slurp and Mohles, 19523 Curry, i“ém)

where v 18 mean velogity, ¥ {s the unil weight af the dobris, § s the shope, h is the fiew
depth, k 5 acfosg-section shape cocificient, and v is the apparent dynamis yiscoziy of
thx ciebris,

Althongt dbis cquadon rélates apc;*m.,aﬁy o Newtonian flows it con be exfonded 1o
Bitigham and gspvdgp.aﬁim flows {i'e, debtis flows) b x:ephcmg the dynctm:f«'raLusify

With d appariid Viscosiy, w -m:h s depetident ot fwo rnaterial constarits, Dyuation 1 has
-shnw“ to K& ugetul at Mo depths greater than 2 m, which would ¢l arly be the vase atihe
Cheekye River.  The biggest unkuoswn i the cyusiion is Fiseosit v f“’idgm ot al {m

PiessF used viscasty fetipy ;l'(.pQTted by Jordaii {1994} rangmc frozn. 750 Tas to. 2500 Pas,
m&ldmg veforitios of 108 nya to 13 wls. The b gher velociy has aever baoh observed for

2 debns flov and Is therelore highty fmprobable.

KERR WOOD LEIDAL ASSOGIATES LTD. T T T G
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Tkery are several woceriainties invelad 1 the nse of Eguation i

s “There isno guitantee thet the forimyiz vields the gorrect celacity es stimnates, A exadt
crrar envelope based an the equation canmot be foamulateg.

s The viseosity of debris flows on the O i-lct,syt* River has nsver béen detormined
direetly. Even if that had beeit done, the viscesity is ¥kely to changs dunng evenis
and will vary for @iffersnt dehiie Pows (chan a8 hi waldr coufent and g;m S15e
curposition of the sluery affect viscosityy

it light of the available information, however, use of Egiation 1 B considered a
1casonahle #proach. The velneity estimafes of Clague et al. (2003, in press) are
reproduced in Table 2-1 based on. the published viseosity range, Table 21 aiso mcludes
an estmated velocity baged ot 3 Turbid Ureek debris flow with 2 vissosity of 5,300 Pasg
Jeadan, 19943 which not includad the analysis of C',aguﬂ et al

Tahle 2-1 comsidsts tWo ¢ross-sections for the Stomp Luke debris flow. While the two
Cross-gontions hiave simnlar arcus. (£ “I.sgu 2 ot ai., i rrw«) cross-section B is eonsidcrably
stigre confined, reswlfing i highsr veleiity aud discharie estimatis

Eggﬁli;:@ Scenarias for Debiis Flow Velctity dnd Peak Dischargs for the Stump Lake

Debiis Flow ) o P

{ T ﬁ)g:bﬂé FlowVeicmt; Dabris Elow Peak, Discharge |

- Vistosity (i R _ (m s} :
P Tea | xes | xsa | s |

7 | sz | tos | sb3oe | 114000 |
15&0 g 1 = ‘Zu?ﬂﬁ 5?,60(}
R _:-:_"1260& | mesen
TN A N S 2 B

Tabie 2-1 suggests that te flow veloeity ot the Stump Lake debris flow could have

ranged from 7 m/s t6 108 'm’s i cwrdmglv, the recopstiucted peak discharge would
rangx, fiom about 7,000 1’73 to 114,000 nr'/s. Thesc values illusirate the nnceriamty
associated with recanstructing peak dischatges oF higioric croek evaints. The range. of
course; is t00 broad 0 develop @ fedsonable esgmate. However, Clagie et al, (2003, in
press) siaggest that a velocity of 15 to 30,m's i5 reasorble based on conipatabls studies
of'debns flows in the Pacilic Northwest.

KWL coméurs with this asseition, bot has nartowed the veloclty gstimate 1o {5 /s,
hl;ghf:r ve]ocny wonld indicate a highet water content thad is tholyght fo-be reasonable. A.
possible frigger for the Stump Luke debris How was a rock avalanche that transformied

Kemwaonmmassbcmaswa T T
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inte wdebris flow. Fock avalsnchics do ot have ébugh associated witer 1o fower
yiscositios to allow 4 debris flow velocity 6830 m's. Tor example, & debrig fow ai
Tutbid Creek in 1984 had & velocity of 10 @z and was mdicative of 3 Bigh siscosity
debrig flow (5,300 Pas), This debos flow was initiated ficen a rock avalanche and
ncofpated most of its wafer from sudwmelt alorg its pafhy (Evans et al.. 2001y,
Srcwmelt will also be a sigeificant somree of water for debris flaws wn Chedloye River.
On this basis, a velocity estimale of 15 m/s i thought to be appropriaie for the Cheekys
Rrver. Multiplyme 15 n1/s by the eross-sectional ared of approximately 1.000 n® yields a.
peak discharge of 15,000 wi’/s forthe Stiump Lake debris fosr.

No cther sdobris flow: avnisions are revorded 1 ke sedirents of Swmp: Lake. The
iraplication is that the 6,900 year old debric flow i3 fhe Targest evert recorded oni the
lower Chechys Fan in the last 10,000 years, But ihis does not necessarily mean that the
6,900 year old debris flow was 4 10,000 year retirn penod event, Clague et al. (2003, n
press) biave correfated the Stymp Lake debris flow with the Squamiish River unit exposed
in a secticn: aloug the Squamich River and described by the Thirber-Golder report.

Thurber-Golder (1993)

Thurber-Gelder based their peak discharge estimats for & 7 million _ﬁ‘x_l debns flow on an
ombreak flood from dlaridslids in the upper Cheekye River watershad. Tu this scenariy, a
“dry™ himdslide would dabi the ereck channel sm b headwaters, A debris flow woald
fien result from 2 beeach of the landslids Jank. Northwest Hydraubics eatricd out
oytbreak modelhing uong stasdard sofiwarce, The recults indicated 4 peak dzbriy flow
fisiharge of 1,700 m”s witha flow depth.of 7to 16 m.at the apes of the lower %y, prior
to Yaterdl spreadmg of the debris: flow surges, However, & complicating factor 1n the
dovwnstraa routing of fioods fam nafural dam faitures is the butking and debiitking of
fondwaters with sediment and debris as the tlood moves downstream {Costg and
Selmgrer, 1938). Potential bulking of ficad flows appears. to be ant especially important:
process i glacral and voloanic terrwn (Claga® et al., 1955, Scdtt, 1983), For sxample,
peak discharges finm the failure of a reoreine dam on the Kumbel River, TISSR.are well
documented {Yesenov and Degovets, 1979). Peak discharge at the dami fiiture was
210 m’/s but v buifleed to 11,000 m™/s 15 km downstrenm,

Seveial studies bave vomrelated peak discharge 10 tofal volume.  Of these seudics,
relations derived by Jokob and Bovis (1996) znid Jakob (1996} appear to be most
appropriate for the:study site,

*  Based onwork by Miznmaya et al. {1992); Jakob and Bovis £ 1996) developed 4 peak
discharge ~ volung, relation for clayrich debris fiows. Uting this equation, a
Fmillion'm” debris flow would have a pesk diseharge of approximatcly 20,000 m¥s.

« Fdleotr (19463 develaped a relation for muddy debris flows in Southwestern Eritish
Columbia. Using hus equation, 3 7 million o debris faw wauld rosult an 2 “best fit”
catirmate of 22500 g1/, His data, howover, wers based on only ight ghservations.
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The 1,700 w/s 1\ca} discrarge estimede hy *I"llir&er-(iul’dex 15 3 siplicart ouwthor miboik
r\gvcssmu equations.  Applying lakoh and Beus® (1996) miu tun mrevorse;, a
1, 700ms poak. discagrge. wotlid Gorrespond 16 4 0.4 rillion m” debris flow, ﬂx:"u!e
Jakohs (1296} equation would résult i a total debris flow volurme of 0,8 million a¢°,

Fiuthéimore, uwing the cress- sechor: of 1009 w?, reported by Claguc ¢ al L {2003, in
fross), a debris flow wilit 2 1,700 m'/g discharge would move 4t a velocity ni only 1.7
mis, This velecity is &pptcmm?P!} an onder of magnitude Jower than tht {or other
obsorved veleanic dobris flows worldwids (Pierson, 1998).

In- SuTIMAry, aﬁhcugn a lordshids dami outb:cak ﬂaod fady Create a peak discharge of
oty 1,700 m'/fs, itis ummﬁs-t.c that a 7 taillon m* debris fliw would have a peak
drsch&rga of sty 1,760 m “Is. ‘The *’Qﬂfm ing sub-sevtion revigws debris flow yolumas
and vxplaing why a?mittion m® debiis flow is considered nalikely.

Dzpris FLOW VoLume

This seetion explaing how e desigh debrs flow could be indtiatod in e Cheekve Raver
watershied and alss provides & review of previous debrs flow voluare estittuites.

Debris Flow Mechanisii and Voliing

Thurhar-Gelder {1993 tonsidsred the poszibility of sponfaneows fransformation of a

"y landsHds ity the hcadwators inio g dcbris {losw by mcmporatm 2 Waler, byt cometuda
{hit this progess conld oady Jeod o g debris flow with & ma fimurit yelume of 1 to
Zmilken . For this roason. they suggestad that the design debris How would be
imitiated through  landslde dar dutbreak scenario,

In revigwing the potenfial magniude of a debris flow thal resulis frorm direet
transformation of .a landslide (reck slide or rock avalapehe), the key issur i3 whether
sufficiont pore pressures could he gencraitd in the debris to. dlfow transformation into a
Asbris flow witheit the fiecessity of the formation of a temporary debris dam.

Foltowing the logic used 1 Fvams o al. {2001}, porous tock with low vmiaxial
comipressive steength, which s the case with the Mount Garibalidi volcanics, may e
respongible 16t pore: presSure generition during the collepse of the pore structure of the
intact pyrocladtiy material af the sorree of the rock slids or wek avalanche {Fv r30n.
1699, Satoration of the debris mass dunng travel could bo fckifeved if a hrg,e Inndstice
were tn-eccur-uring a tiree with substantial atsounts of snoiv and ice on the headwall of
Checkys Valley and aleng the bettori stopes of Brohm Ridge and. Checkye Ridge. This
progess would furthes facilitale irans| fotmation of & Targe landslide ire a delbris low.

Acgording o Thutker-Golder {1993} pessible swater soutcesare limitod to:

% sutfdoe water that is incorporated in the debris flow by sverrumning {the debiis fiow
will move significantly faster than the strear¥low op- Chegkye Rivery, und

REFR WGQD LEIBAL A&SQCIATES LTC‘
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meiling. of snow and ice aconmalated i the avalanche gailies of the upper drainage
%ﬂnan. dssurued melting of 0%,

Taurbir-Gulder estiniated the totad volume of thess water soarces. at 430,000 =7, Ata
wb*l eonéentration (by volume) of 70% (feporied in Thurbes-Golder, quoting Jordan
1769, this volume of wuter would translate il a dobyis flow valuma of 1.4 million i,
which 15 aueted by Thutber-Golder as the maxitium debris flow volume for direct
wanzformation of a landshide into 4 debiis flow, Howevir, tonzentrations of up 1o 79%
(by velume} have ‘heen. measured i higher wiscosity debris flows elsewhere: (Jordan,
1994 and sources quoted in Jordan 1594). A solid concéntrati oilbf T¥% (roncenwalmn
by woight nf 91% Y would reculé i & fotal debris Tiow volums of 2.6 million n

Thirrber-Golder assuwned that the debris flow mitialing i:-md stide would be dry. Singe the
Tandslide would Hikcly secur during wet -westher, it ts likely that the iandslide mass
woekl be partiaty safurated.  Asguring one oo wseveral pam;ﬁly saturazed debwis
svalanchelsy with g moisture conient of 25% tolalling 1,000,000 m® in volume, the total
debiiz flow volume could @mount & apprakimately 3 million m° &t 2 74% solid

concentdiiv by volume,

Fhere are considerable uncerlaipties myalved dn the sssumptions uadarlyi ing the above
cakeulations such as:

1he exact water content of the debris flow:

the amnunt, znd water contert of snow i the ar¢a ovenun by the debris fows

the water eontent of the ratiating landslide,

the vohime o5 the initiating Tandshids;

the sumbesr of initiating landslides;

the discharge i Cheskve River at the time of the debiis flow: end

the amoant and degres of saluration of debris etraitied alonyg the debris flow path.

L

Making conservative assamptions,; it becomes. bvident that 4 debris flove exceeding the
voluine quoted in the Thurber-Gelder-(1993) report (1.5 million #r'} iz passﬁalc by direct
Yransforrnation of 2 wet (partially saturatedy Jandslide (debrs avalanchey into a debris
tlow. The Garbags dunp debris flow described in the :Eoliowmg subsection i3 believed to
have ooeutred as a tonSequénce of this provess, rather than through damming and a
subs;qumt dutbreak flood of Cheekys River by 3, large Tandstide in the Checkyc River
vanyon as postulated ‘1)! Thuther-Golder {1 92 3 )

Garbags Dump Debris Flow

Priortr Clague ot al. (2003, in press) and Thurher-Galder (¢ 993); tite largest documented
debrs. fmw ol the Cheekye Fanrwas the Garbage Diimp débiis flow of about 800 to
1,006 years ago; first identified by Baumadits £1921). Banmann mapped the athage
Dump debris flow a3 a lobe extending west of the secondary fatr apex, having an area of

-KERR weonruzmi. A$S’QCIA"1‘ES LTD Y7
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Insamimary, the agsociatn of 4o event magnitsde of 5. t0 7 millionm’ to.a retur period
of 0,000 years s reportad id the Thurber-Golder {1993} report can be questioned. Qsme
the ‘.ugagz noted debiris flovy 1:1 the Holottra ‘was the sqnamuh River anit with ar
cstinwted voiume of 4 iillion m™. The £ to 7 milhon m? event would thetefors have 2
highst than, 1v, ﬁ-j{“-yaaf Pf'rmé The Scuamash River diat 15 ¢erelated 1o the
Stump TLake eyeni hy Cl.,:gw etal. (2003, in press). In the iuilsawin 2 sectioh, a7 attempt

18 mam W impreve this estimate by v wwo mndependent methods.

Stump Lake Debris Flow

Claguc-et st (2003, 1n press) recettly cored Sturap Lake to reconstmet the freguency of
largs dobiig j,’fugus tegching the lower Cheekye fan. I wae found thyl tollewing
Geglacistion, about 11,500 yeait apo, a large debeis flow blocked the dramiage of & smalt
Feitle: ailowiriz Szmp Lake to form.  The sizc of s eveni camnet be refiably

Teqonstrosted,

The fist nomatous event recordad in the sediment f Stump Take 5 a diamicten layer
and an associated detrital organks fayer capped by elty laminas, The disnucton laver
opresenis.a Jarze debris | ﬁw fromm: the headwaters of Checkye busin and has been dated
it 6,¢m years nld A e:fpia.r-ed abave, Ctagus et gl. (2002, in press) reconstructed a
peak didcharge of 15,000 n8'fs 1o 36,000 ni'/s for this event, As discnssed before, BWL

beheves thas the Jower estimate mmy be riste accurale béeanse of watfer Timitations,
which weuld causa a lower vissuaty and thercfore a fower debns flow veloeity.

Froviding tiat 15,000 1mP/s 39 a rezsonalile estimaty, the entpifisal equationg of Jakoh and
Bovis (19563 anid Jakoh{1995) can be used to estimate a debris Aow volume. The results
of this afe summiarized in Table 2:2.

Table 22
Bebris. Flow Voliime Cajculations for Cheekye River Baséd on Empirical Equations

Relating Peak Dischargé to Total Debiis Flovi Volurhe Tor Muddy Debiis Flows {Primarily of
Vetcanic, Gnin) ,

i T Bostir | Upmr fioni?
i o gy 1 |
J-Jairm:aéﬂewa{wam | 2zwilion | G4miion |
QV-.dakob [199(‘:‘) _ | N 4._3 I_';.‘u!nﬁtf:

{ Baséi ois aadtﬁ‘tﬁavmu of 1&0@ m‘i"-s,

1 1. Biassd on work by Mizuyama ef ak (1992}
1.2, Caresponds rmoughly fo the €54 oadfidancyintaral

Jakeh and Bovis” (19967 data are based oi: hundreds of Q‘ss;:rvm«me while Jakob's

(1996 datu zre baséd-on only eight observations. Ttis thegefore suggested that the fofmer
be vonsidered the better estimate. Clagus et al (2003, in press) ukyd the hest it line of
ihe former refatior fv estimate a volume of about 3 16 5 miltjon m” for the Stimp Take
event, correspapding 1o velocity of 15 /s, To be couscrvative, (he upper lmit. of the
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Debris Flow Modelling
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3.1

DEBRIS FLOW MODELLING

Mol DESCRIPTION AND SET-UP

Debris flow modelimg for ihe Checkye Fan was vomplelad bsip s comuersial
sofiwayz FLO-2DY, 3 taoxdrmienzonal flood rsting model. Fredaing overbank floeding
3 the most continng application for the maddl, bat 1t iy alse uséful for aralyzing
unéonveational fléoding problems, such as uncontinad {lows ever coimplex. topography,
debnis flogds, and debris flows. T the 1ISA, FLO-ID is oh the Federal Emeresncy
Managernant Agancy’s list of appraved hydrautic models for wieddfaed fow flood
Insusance studies, Soveral US fedoral agency efficds wre msing the model inchuding the
Butear of Reclamation, Fish ared. Wildlife Service apd Natienal Park Service. KWE hag
Frevionsly gded FLO-2DY for debeis flow amd debnis flond medetling on several crecks in
British Columbia and Washington Swte.

MobgL SET-ie

The FL-2T3 wodel for the Eheckye Tan i snnimuarized a3 follews:

= The topogoply wis reprpsented by a digidl tervain meidel (1M of the fan that was
uapstoraied into & 100.m grid. For the Theakve Fan, & 1 m conionr map ol'the lower
Lo wis. olithined from Mcklhanney Assodiates. The mdp war a priduct of the
Thurber-Golder study (£993) and was produced ffom 15,000 4l pliotographs ol tiie
Haadaken on Natch-4, 1991, Themode! wat stirted 100 5t upstréam of Stump Lake,

®  The distance travelled and taohility of dobris flows 1s govemed by a number of
faciors, Vigcosity dnd effective Yyield siress of the flow are particularly important
variahlas because they deternyine e dynumics and runout distonce oF debris ows.
The magnitude of (hess variablis is determined by the input of four coefficients, For
the Cheelve Fan, these varigbles were adjusted untit the madelled debris Jow
characicristics resembleid the extent of provicwsly mapped «fohris flow detosits (sve
Ssction ;. Volume and peak dischargs wers then adyusted for the modeltcd design
debris flaw scenarios.

* The nput debris flow hydrograph yras hesed on the diffcfent volumic and pesk:
discharge scenarios (see Table 3.1}, For the Eiieefsx»..'::_ﬂi\@f,;_*ﬁhé dusign hydrograph
was medelod a4 a series of surges shut occr pvera period oF 2t minutes,

MODEL ASSUMPTIONS AND LIMITATIONS

A sujer limitarion of the FLO-2D model i that sach gnd element is vopresented by onc
vaiue for elevation and onc valus for flow reughness, For the Cheekys River, the fun
Twﬂ‘%‘gls,ighg was 6veifaid with a 196 m grid, with catk and celi having an aréa of 1 ha.
(10,000 m™. ‘When grid clements ate pépresented by a simgle clevation, small varistions
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14 topography withia the id clemendt are sot acemwved for inthe simwlation. Thess are
genecally nct ontical in detormiving fow mﬁﬁ and o .;pn*.mmml TR, .Stm_m
sitnlations were uhcrﬁpm} with 3 50 ra grid (2,500 n) bt the rasults were Twf deﬁhmﬂt
cnughi to justaly the increased cc'apﬂian ofidl ated set-Uti tisie. Aneven sinalier grd gz
{5100 may yie h_i mote acoprate results for small iopographic wregslanitios suc h 25 the
BC Railwiy A1, read fills and minds lopograpbic vadulations of Tess than T Fieight,
These are not actoimied for in the model.

Thers is earn :unremfmy 1 interprting the mode] resulis due to the extrsme magasdc
of the desipn avent. For exampls, irees entrained by the debris flow on the *‘an, could
vause wm incioase flow ?.Tft.'."l,ﬁ‘.dt-w? and cowld ewate Tocalized blockaweés of dose
consticitons and/or degosttion

MomEL STENARIOS

Dy modeliing hoth eltsting condutions and cogditions following the constiuetion of the
daflesvion Bomms, the modet caw indicuic 4oy ransfer of fisk arising fioi the mu'm.s{'d
bermie. Ths n__'a,.:sdn Lign alst be nsad 2 a basis for determining the hern heights by using
flovy dapth and adding nivip 01 superclovation which ean b calelated romy estimatsd
‘donris flov velaeitios and other brown variables.

Foraxis img conditiong, ke first s8amatie models the dos ;gn event (7 milhin m’ “volims,
JS-\}Uﬂ /s discharge). Sinsiiivity analyscs have shown thar there 5 sudualfy vie Ll...na %
in 4 !f*r:: ﬁos depousfwn arza, depth or How welocity wre 10 o pigh !s-_ rge i
IO, 1 ,mmg comditions sce 'mﬂas werg alsa godellcd for twa lower i magnitude
events (5 4 puthon i’ mnd 2eiilivt i’y to detevinine the influence of dehnas Tiow sofume

oo, velonity aad Gow depth.

All ey lmg ernditicrs soenafios result in 2 significant avulsion 44 the primacy fap apey.
This is due 1o e fuct that the crozisection cannot ¢omaln the debris flow befwéen the
prithary {an apes aid the Highway 99 andge, as well as the flow constraint and shap
vhatine! bemd posed by the Foghway 97 bridge and filt on the nortl side of the Checkye
River

The. fourth fasdel scotatio is for the design cvert with Lhe praposed deflection berms in

pﬁqc;

Thase impde] scenarios aresunimarized in Table 3-1,

KERR waoni.slnaﬁgssomﬂes Lm ST T 32
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Tabte 31
cheam River Debﬂsﬁow Modat st:amarms A ,
] [ i Volome i’PeaKﬁlschang -
$cenarf¢ ﬂeqcnptmr o Ty ==
1 |Estngconanios | 7miien | 1500
2 i £:ds*mg .,md;{ms ' o Rd-mdhﬂn 15;';‘)!‘3
‘3; [ Ex ictng Cundt! ﬂm L 3ammn f 501
4 m.nrt}'.)osefi deﬂeﬂmn hen% 'a, ?mlilmn _ 1..%0{':0 .L

T* P’m!( d:srharga :eim wh 20 SO0 s et 3 svant of fhis volums, However, it |
was ipund hat théts are no signficart vhanqe iy oabrs fow Koot fow dnph‘ 1
‘ 'Wmﬂcﬁ‘ for pear d"“hﬁf&"“‘f’f‘ﬂﬁ'o““"‘ oL Y W, . N

The model resulis for these scenatios ax¢ illusirated in Figires 31 {4 34, The figures
ilustrate maxitwam flow denth and inaxisimm velocity, which are standard oatputs for
TLO-2B simalations

The following sub-sectichs dezéribe the madellinig results forthe dif ferent seenanos.

3.2  Deswis FLow MODELUNG FOR EXISTING GONDITIONS

This sub-sectivin discusses the mindel rosulte fof existing conditions snd deseubeg some of
ths eonscgiences (S mm-;m find) Tt L ;mponant {0 pete that the results are not provissd
aid may change depepding or flow icchianics and mndom avulsions. Th@v do, howeyer,

piostde ¥ gotd sense of areas affected by dobos flow and the degres of impact.

SCENARIO

In Scenaric 1, the majority of the debnis fow swoald avulse 4t the prmiary fan apex
{Figute 3~ 13, The model rasuits show that two Lirge debris tongues would extend toward
Brackerdaie, deposititig to adepihy of upie 41 in parts of naith Brackendale. The floty
velocity eould reach up fo 4 mfs in the Brackendale area. A fong section of Highway 99
hetween the Cheeloys River bridge and Brackendale would b inusidated,

Debris would flow down the Cheekye River and split dnte three separale tongues
dowrstream of the sceorddry fan apex. There would be little impact on the Squarish
Alrport and the Cheekyc Substation. This flow pattern {5 comteofled by the deposit of the
Garbage Duniyy debng. flow hm&we it pregies a proferential flow path 1o the nertirwest:
The BC Railway and Squamish Valley Road would picbably be severad. Sections of
Waiwakum LR, No. 14 would beinundsted with debris up do 0.3 th in depth with a Flaw
Velomty Tess thun 2 mi3. Part of ihe South airport ruuw ay wouhl be intndated by up to
0.3 1 of debris with a tess than 2'm's. Becausc randoni avulsions dan ot be. accurately
estiraated, 14 was assumed that some dobris may be redirected in westerlv direction and
nay inipact the Sqpomist Aupoit with a flow depth up 162 51 and.-a flow velocity up to

KERRWUOBL’E[BALASSOCMTESLTD T - o — 33
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2mfe. This vonservaiive assumplion provides e design cotelia fiot the airport homy
(Secliva a3

The Chéplamus River would be blocked for 8 period of hows t5days depending on the
debris Tow dam hsight aud discbarge of the Chagkamns River at tex fime: oF Jebrig Jow

steirence, Party of the débris. (low voubl be diluted by Cheakamps River water and
would cobtinge as a debiiz flond down the Cheakamys. Rgfrir* io the Squamish Fiver
Sc vere and sodden aggradation (several mﬁ:resi could be wkoectod alomy the Towes

' Pe&km.;gs RW
SCENARIG 2
Srenaric ¥ prm‘nes a stlaticn of & smaller dabris Tiow of oot {see Table 3.17,

The mode! resnls, 24 showy o B sure 3-%, sre Ewnifar t5 Scenido b, As canectad, a
swtaller area of the fm would tre iundaed by-debris and ibe debns fow consequences at
Biackenilale wouki be covsidorably less.  Spocificallv) fim westerl scctions of
Braciendals fnear Judd Blnuem weoold Gk cly ke sivndated by @ thain laver of mtlddy
“water rathér than direct debais impact. However, narffictd poftions of Brackendale would
shifl b Tffci:lml by debris Jlow immdation up to 2 m depth with g Hlow velocily of Tess
than 2 ay's. Wabtwekwn TR, No. 14 and the Sunuriisl Awrport would Tikely not be
imnpacted by the debas flow:

©m the 'n'rrt‘r.,r:"n Geotor of e Cheehye Fan, fhe mu::l::‘wr wonld b comparable o
fegraria L, with a flow depth of up o6 mnd a veloctiy 1é nbz g froma 2 mfs fo 8 bk
Darnming of Cheakamus River wouki very hkely ocrur al the U'wt'.t_gc River -
Cheakamus River configence.

SCENARIOD

Szenanio 2 (Figare 3.3) provides a conparable simudation of gn even smalter debris fow
event with thic approximate maghitudc of the Gartiage Dumyp debris flow {sec Sectign 2.
Thig everit was modelled to repilicate the Jast "known Torge debng flow, und compare it
with the lorgest flavr that ecoun i the Tast $0,600 yeurs,

The modsl sugpesis that Brackanidaic weld not likely be aifectod by direct debris flow
wfipact, The area inundatad by dd‘ms flows would he approximately hall’ ,,f;hat forthe
ﬁmgn debriz flow of 7 milfion ) A large stolidn of Highway 9 would siill be
toundated. with debris but e dobris is unlikely do repch dvvelfmgd areds, such as
Crovarntient Road, the airport, the BC Ratlway, the CGheckve Substation or \‘4 arwakum
IR. Mo, 14, expept for some mudidy watcr,

At leust 50%% o the débrrs Pow would salt reach the ..,n.-:a.!«mfms Ruver and likelv bincloit
af the conflucnce with the Cheekya Rivit. The cousequerics of this blos kage would be
similar s deseribed for Scenario 1,

KERF‘ WQGB LEtEML ASSQCIATES E.Tﬁ
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3.3

Altheuph oot modelled with a berm in placs, the ket height isquired in protect
Brack wndum agofnst the Seenario 3 debris f‘uw wotld be simuficantly lower than for the

7 nullion £ Jesivn debris flow.

Itis pm_ﬂb’e, aithongh not lliit.*y that the debris How would remain conf tined to the upper
channgl withaut avulsivig & the primary fan apex.  This woald require that obatruétions
creaisd by Tog jams or unl}% levee déposition wonld be such thiy fhe debas flow s
torced o I”&liovc the existin ﬁ' annel, Thas seehatio i velikely beocanse:

= the cXISUNE CIoss-Soction unsiream of the Highwa, y 29 bridge provides tusufficrent
conveyaude o tiansporta debis flow withour awlsmm ard

" |hr- Highway 32 bridge and road fill horih of fhe bridge live Sreated a. verv sharp
channel bend which would fond 1o direct debrls towardz the south, and constiict the

"{ow mndernsath the Ih;gh. 3¢ bndre

Alternativaly, if the peak dissharz= of the 3 miillion ra’ Jdebiis flow is muck lower than
r--*tlmu- ad, the debris flow wouid be morc {ikely to remaia t@nﬁncd 10t existing
chanrct  This seonarioowas not modelied as if provides a-noti-tofservatve altcmative,

HAZAPD ASSESSMENT WITH PROPOSED BERMS « SCENARIO 4

Fhis coenarie s besed on Scerario 1 with the propased deflegtion berme iuplace. The
fesnits ave dfhustsated 19 Figure 344, This scenario assumies that the berms are hi igh
encugh fo intereept the debris fow miaterial and only meddy water witl ffow into the
Biackendile area af the Goveinarnt Road crossing ot at the BC Rauwav CTOSSIRY.

The proposed berm would direct the debis flow lobies west towirds the aqu&mtsh Rivar:.
The herm would laferally ‘onfine the appraa‘hmg debeis, resulting in some THDEP-
elevation of debris along the heitn. .\ Hlow depfh ranging fiom & m im: the uppormast
berm:to 4+ nxfof the lawermast berm can be expected as shown on Figare 3-8,

“The debris flow would then d?a(ﬁ'l&[‘gf' inip the Squamish River nortk of Waiwakum 1R,
No. 14 A the debric flows steeply down io Squamish Rive t raptd relrogeessive
g,ml}mg cotld stode the BC Raiiway.
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4. FEASIBILITY OF PROPOSED DEFLECTION BERM SCHEME
441 TRANSFER OF RisK
T ,ﬁ;:a;.;dst'ant that dhy mn-g*»fnc scheme aviad fisk wodisfar fom one ares 1o anather,
sspecialiy where this ‘would affest a consicted ditv. At the Chetkye Fap, 1isk
téansfer considerations potentially apply 1o the following 16cal devele prisnts:
»  development behind (souih)the proposed berms,
*  Checkye Subsiution;
*  Squamish Airport;
*  Waikskinn 1 R. No. 14;
€ oiber Beserve Lands; aud ,
8 seaneraid developnienis on'ths netthess pari-elthe fan.
'.Ej.sﬁ_tzg&m%fa:maj;ﬁ lgo apply tothe followiag medr deveiopments:
= Hioireay 29, }
" B”&H; it frangtaission fines and tovers;
-  Govémment Road and other loed! thadd; sl
& T Raviway
Thig section providas. & bitef discussion of risk iransfar as it pertans fo cach of thesc
- fagilitios 1l view of the pro;tnsed deﬂr-mm berry acheris wid the debis flow mod-..ilrna
results of Secticn 3.
'-BEVEL@MENT B\EHEMB‘ PROPCSED BERMS
Devehpnent bslnnd the proposed berits will achieve » reduicrion. in ik, Special
cotsideration. will need to be given at 1he design stage 10 ihe yoad end rajlway ‘berm
Cyossings to enspte fhat fic focalized increage in hsk necarsan these lacations.
Thets ity be 4 need for flopdprooiing measyres g;ievc-iicm of buiidmgs above gréund
Tovel} for any fitlure development behind fhs prefieiscd berms,
;C'%Emss-uasmnﬁn
‘The sﬁh mmm i relatively Wwell protected B the bedrock fidge to the east and the
existiug perimeter berm. The modelling docs not indicats any ingresse to the substation,
fhireiore o uperading of the subsiation boou appears necessary as a result of the
detlection bermg Being in place. Regular bérit rainténance 13 recotnmended..
KERRWOQHLEMAS&QGIATESLTD ——
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SauaMiSH AIRRPORT

The scenaria 1 mvodel resulis show Bitthe debris Geposition af the airport. and the risk 16
the existivg facibiticx i3 tefstively low.  Only miningal nisk transfer is mdicated: by the
modellmg, alttouh a fow beri would appear to be reqwrsd with or without the
propossd ma. deflection borm.

Waiwakumi.R. No. 14

Wardekumt LR, No. i4 {s drder the jurisdiction of the Squamish Nation, and s
potentially of soagernwith respect fo transfer of 1igk becavse i is locued at the west cod
o the taany betai,  The modelling does not show anv incrésss i tisk af IR No. 14,
provided that the deflection borm catends across the BeY Raibway to the Squamish Ruver
A inceased mieastre of protection may be achicved for this srci if the existing gravel
pit i this area sxused as 2 taterisl sousce for bers conslaction. Eala ang thé pit will
elfenuvely result 1m0 a debnis hasin, stonng somi¢ of the debns fiow matorisl pefore
cistharginy into the Squaraish Rivee,

OTHER RESERVE LANDS

Other Squamish. Natioa resemve lands in the vinwity of the Cheshye Fan inciude
Chiskamus TR. Mo 11, Poguiosin and Skamain LR, No. 13 sud Séaicin 12, No. 15,

Chekamus 1R HMa. T g Yocated across the Cheakamas River from. the 190uih of the
Cheelryz Rivers, and would not be cubjeet 1o any nsk iransfar fom the propoved
dellention Berms.

Poquiosi and Skutnain TR, No. 13 {5 an undeveloped reserve st the mouth of the
Chedkeginns River.  The medelling does not show (hig reserve a® heing subject fo an
increass in risk as a result of the proposed deflection bormis.  Tm fact, sy BHerms
constizicted to protect Squamish Afrport may also.protect LR, No, 13.

Seaicini [R N, 16 18 located uf the somth end of Brackendale, immadiately inside the
Squatnich River dyke This fescive is in a fow hazard area with respect to the Cheekye
River, but weuld be prowided With an increased level of protection as 4 result of the
proposed deflection berms.

DEVELOPMERT ON NORTHERN PART OF THE FAN

Seatlered developracnt on the nurth part of the fay will not be subject o transfer of risk,
nor, oweyer, will it be protected by the proposed deflection bomy schéime.

“Consvltyg Engingers
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HigHwar 99

The peopissud deflcstion benine will protect tie length of lighway (0 tie senth of the maix
Birni. The length of highway narth of Gie bérm will romain urprofecied. but wall not be
sibject to any transfer oF risk as e result of the defleciion bermy setioma,

BC HYprD TRANSMISSION LINES.

Several fransmpission Hues p038 the Cleekye Fax and are potentiails siibject fo dedris

fiow damags. The ;:*qpuﬁfd defleciion berms will proicét those porticns of din

transaiisston fmes south of $h¢ borm, but the n;mtmde fransmission Tines wilt remain

ynpLates Azd. There {3 pmﬂmza{ Keeauss of imerbase i Hovwe depth and How eelocity, for

an inecteusc in risk 1o transmission towsrs imimediately 10 the north of the propesed b,

This may riecessitafc sote pretéchive measares . specifiic fowers (Fe, such as rock borms
or sopcrete walls around the tower bases).

GoVvERNMENT RoAD ANT OTHER LOCAL ROADS

Reads sauth of the proposed main borra will be protectad, énid those north of the pann
will remain af sk Wiale there way be aa nefease in risk for a shorf seetivn of
Government Koad inmnediately porth o the main berm, overall there will b a manificant
reduntion in tisk to the el road netwnek.

BC RaiLway

The proposed detloction berms wifl protect the part of the BE Ralway locaied soutk of
the berr. Therewili bea ’(.-"'a] ired incredse i nsks immediately-to the north of the berm
erosong, Civersll, iewsves, the fisk o the riatwaxy will not be chﬂm:;cd sigrificantly oy
the dellection beimig.

MuNtCIPAL INFRASTRUCTURE

The following Distriet mfrastrusiure will vemain outzide of the proposed deflaetion
boirns:

s Alive Liake reservoir and associated waterinding; and
*  sapitagy landfill én Souanush Valley Road,

Although these facilives will got be peotectod, they will not be subject fo any sipnificany
trensfer of ¥isk. No othior major infrastructire s affactod by tisk wansfer.

SauamisH RivVeR

The proposed mihy beort will resalt 4 dn increass in debits dischiarge to the Squamish
Rxwr Df.rect d*xscham& t-') tlye ﬂvor cunfé b da:craased somewhat by locaung the
hatgmg overflow to gravel
ba;s c»f‘the l.m oF Chcakmua Rwer rather thau ﬂ:ze active chann#l of' the Sguamich River.
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Bignificars, discharpe to i Sguamish River couid cause s partigl river blockage,
inceeasing fow around the west side of Bavnes Island. This could akis result fu a surge
Hood dawen the Squamish River, Signgticant ageradiation s sedimentation ofthes lower
Squarnisk River would occur, '

FEASIBILITY ASSESSMENT

For the desigs debris fiow, the deflcetion herm convgpt 15 voasidersd, feasible o protect
e residential dtea of Brockendaie a3 ai arda wide bavard mitigation with fio sighificant
trarester of risk to nther Gacilitios,

Ircroased 7iek EQ sh(}ﬁ S{:j;“,tj(':ﬁg ﬂf‘ﬁﬂﬂ{ﬂf fimciépm:}nl‘i Su‘:h .15 ‘thf' : BC Raﬂway aﬂd th‘;

BT Hydro {ramsmrizsion fines is peutalized by risk reduchiap fo ofher secticns of th

eorrdzponding cocridors,

The baras will nead 1o be Taree o prévent overiopping duriny the dosion event For
exarnple, the height of the main deflection herrs wWould need 1o tig.akout 7m, Therefors,
while the deflection borm concept 13 pensidercd feasible Fom o transfer of #alk
penpigtive, the extersave wark requireil will resoit i1t 3 igh consfritction coat. This is
aiscussed father 1 Seetics &, T uddition it will be niceszary either 40 regrade
Highway 99 1o allow 1% (0 cro53 the horm on 2n erabankment, or aliematively, allow tor
salvorss thaough the berm. Fithier way, vopsiderable extra costs. ure itvolved. Diryden.
ek will alsn require a crossing Horough the defischion berm

Fndirears
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5. DESIGN CRITERIA

51 CresT ELEVATION

Tins erest elevaton for the delicotion hetms can be basad on the flow depth of the desigr
debris. How.. - plus am altowange for smporelevaion and runeups Mo additionsl frochaand
wild b required: i this situation.

5.2 DEsicN GROSS-SECTION

The provossd typical srogssaection desien catena for the (‘hcﬂ} 8% Fan dellection herms
dre summarizad stz Table 5-1-

yuble 51
Jypicai Defiection Berm Design .,rlfesia N
s..kme af Up@*m%am Faoe: 1.5% H v

A.--.a-a.-.umu.-.- ..__._.u_.n...___s_,.q__._.n_. o ——

Cre‘;'!fm|dt'. ) . ,t;_n _ '
 Grast ‘\L'!’ff’fm’ : 3 i lQ_k f'ﬂr. ] mrm ]
'Up s Fau aurra«‘é" F‘mt ‘;g

v gy e e o A g s

_UDN"‘B“[‘ aam Faue urfafx“ ) Iamwa&d

The riprap. size wilh diil’vf fordbe various borh seoiions on the hasis o the debrs flog
velocity atthat location, The ¢ pmpe will 18.quire aae tronch for protecticn agaimst seour
by ﬂomn&, veater mid dishric. If the design debrie flow force execeds the ability ol the
riprap towithstand erosion st any Tocation, sites «;pfitczi'f'__grnuimg of the Ixwer ripnap siope
may Hho necessary, .

5.3 GEOTECHNICAL:CONSIDERATIONS

The ;Lveo?eﬂimical' imvestigation completed tor this; prelisinary design seport is wncluded in
Apptmd!x A ond provides 3 basis for establishing the geotechitial design critenia for the
deflectian barme.

The foundation couditions. ot the Mait bor are excellent, Litle excavation of M-),nauﬁ
will bi necessary. The thin o pact layar should be stapped, followed by proof relling of
the Toundation sands and gravels using wvibratory compacior.

Louse, saturated. siliy sand 1s gbeent so tiquefaciion filure of the berm will Yot OScur:
The berm shoald be constructed of well-graded, sand aud giavel compacted i lifls fo

KERR WOOB ualmt. ASSO&;IA‘FE& LTEL ‘B4
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5.4

‘\"“.IL QF z ﬂ

achigyes donse structiral il The prajosed bermside slgass ate as show in Table 5-1,
and the uptall face ol facoporaie 3 1 hick zone of riprup keyed fo atithe o2, With
these \andltmw, liding, wodge dtabihty anglvsze wers camed out assughing Irichon
aples of 35° and 43 {or the fvandatiore gods. aid homy 81 respoctively, and oo

I: "-'h.vih, IUYJ -

Faciory of sefory Yor the sizsper uphitl sops of the beri svis calcalated 1o he 3.0 for -
(i Co-seuted failure sarfices througle the Yoardstion soils and 2.4 for shatiow Dilures

thraugh, the compactad berin il Onodie ‘?.atm 8o Wﬂf’!l]l &agde nf the berm the faitor of
P

safcty agatist surficiak ships, the mos critical eondition, i& nof ess than 200

Stoald s ddvbriz How eceve and temgorary ponding of foodwitsr fake place on the aphill
& bermn, the Fraran of gability dunng dravdewn conditions will still he

adeguate,

Appindix & molos that debds fow deposiis {Hdl) ard flood depesitz (Hf) occur at
Giffergnt locations alvng the hernd slivimicnt. The food. tepostie arc-dssocidted with L
.qu.a‘;m,,h Fiver aad copsiet. of clean sand and gravel thet is suiteble for berin
sonstiuctien. Tha debris flow depostte are assecited with fie Cheeiyo River snd consist
ol thire silty sand and gravel. While the Fatier could he wied for borm constryciion, f.hg
n‘laﬁ‘”{‘mf:“‘mlh{ o ﬁﬂm‘“ sensifive o placereit micisiure condifions and would bomore
difficult to corapact 1t wel wostlén, As a lC"!{llL soms resthisiions en placgent and
compaenen i wet weathdr could arpi 7 e construetion, Sucii resdrictions wonld hove (o
b weighed ageinst fucreased hou! distaies for droported m aterial a5 i relates to oost
efficiency, Tt would e appropriate todnvelvs a contrackor in these discrssinms,

LINEAR GORRIDOR CROSSINGS

Thzpreforred approach to design of Tdear cormdor Cmysing 1s based on partial efevation
of the Highway 99 and Gey: ermment Road crosings o UET OF thmuhh the wain berm. Thiz
will minimizs debris and/or floodwater 1AW (o the diveloped arca. Tt 1s upderstood.

fhgt Tefws do wlop"mnt hehind e berm wilk irvolve sley rating buildings 0.6 m ahove the
surcounding grads, which woald make minor milow toltorable.

As the destgn is finglized, opporunities may angg io reconsider the highway and road
crossmgs provaded {kat the cosuling | 113K 1o abe developed arce is jedged o bBe
.:u:cj_\.tahl..

The inain borm passes under the fransmiszicn line. and modifications 1o the tramsmission
T will be hecgssary it order fo mdmtan adcgaats cidyrance betwesn the berm orest and

firz eonductnr cables.
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DIETRRTOR SQUAMISH . , , o

5.5

DRANAGE

Provigion sheikd be mads for appropriaic tosting of drinage Sor sfomi Aol

Drainage in the viemiry of the upner main berm should be routzd fo Dryden Croek where
the grade 18 favourable,

Drainate along the mialn befm should be reited wert atong the main betm toward

’Q.lu*t.rti;h' Piyver, I" 9. ay Hvolve Sulverts at Ooyvermueiit Hoad dnd the 8¢ Raihway,

This drapage ¢oncéptis o crmsistent with the Distriot’s Rrackendil Master D@m:mgq Flan
The ghiemdtive would be to plecz cuiverts through the mam bora and gliow qramage
flowr wto Brackendale, Howey ety this wouht Becesvitate pumping 6F siwh flows, which
may be peoblimatic oce the exising draingge pumps fave Jimted capacity:

HiGHWAY aND ROAD DESIGN CRITERIA,

The design sriteria for regrading of Tighway 99 and local wads. 42 dased on cerrent
Mindsiry 61 Tran sportation hishveay design ceit. ortd, a5 suroinansad helow:

Table 5.2
Dasign Critetia . B
j o [ ﬁesngn efed néimmm I Minimun
Réad | Amehir |- Length | Length
‘ S ot SN, N ' SgLuma L.rasf r‘unm i
Hig iwax s peo s ) s |
:,m\fem_m.::'tt’ﬁmd @f Ha lir {:—*rm h B Fst . 1? 4 1"
igﬁwemm:,nf P 1ad et Am‘poii z:*erm £ ' 17 18
f;m o et et e e e
1 Minirure 308w radivs of cuivature,
f"nstea sfoeet — 1) -ffnﬁ'm %eashar dt*mgn *pagr! D

The propésed crose-seétion of nghway 00 il relflect the ei.ié:.ting- Crogg-gection
providmr for two 3‘7 mow e morth hound lanss and one 37 m wide sowtl bound: lanie
cach wiih & paved shoulder.

KERR ’W‘QOD Lﬂm ﬁS’SQGlAT’EE LTB
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6. PRELIMINARY DESIGN

Figme o-1 Iimwf“&&% e nodated deflaction berra desi gn congept. This incorporates
miror changes 1o the berm alignmenis compared 16 the onginal concept propose:d by the

Dugtrictand MWI AV The preliminary degizn sfawings are preserted in Appendie E ang
aré summarized as foliows:

KW preliminary design drawings No. 463-104

R e —
"I Highwny 0 Reaigumantond Regrase~ Shost 1

TR Mty U Fositmentnd Rorote <Stoscz

57 e avd Upper Main Baficcion Berms — Stet 1

| W2 |Waiwakum, Lower Main and Main Betms ~ Shest2
_SWE ) Arpari Borms and Goveaent Road Regrades.

 SW4 | Typicét Benn Sectians

LAY PO

e L = T

i

4 w{;‘,‘:

The Base plan sourde mforsiaton upon which 1he -.Ef-'él}‘mi'na:}' design is created iy
sunvmarzed s foliows: |

x leaal property. lines cregfed by KWL from information provided by Distriet of
Syuamish {the legal Lincs are approstmately vaiy and do ot fully cofrolaie with the
agnat mapping); |

*  fopugraphic mapping piovided by McBihanney Consolting Lid

. p}gﬂwgrap‘hw ,izm‘:{gﬁpfmi@d’i}}"'MWLM'%

*  field suivey by KWL foi thie miain ber bétween Ross Road and-the highway; and

* Jogaltics forthe KWL survey for the mairs b based on logét plans and fourd fogal

evidence at Ross Rnad.

This section describes the preliminary design for cach bemi sectisn,

6.1 UpPER Mai BERM

The ugper main borm slarts:al high grownd about 760 m south of ihe Squamish Valley
Road intersection with Highway 49, The berni £xossey Drydeb Creek: and H ighway 99,
then tuns south for ghout 400'm where 1t joins the main bemn., The doentation of the

KERR WOQD LEIDAL 45 OCIATES LT 5
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s

npper man berm serves 1o deflact da bm o the west and tanimizes ddbns flow passage
dc_wrf. the highway “'“hc berm, woedd be 12m high above = ;umg ground cast of the

highiveay. reducng o 8 i ahove exisiing hmm;l} clevation ag

I’ng:hwav

Tig plrysizal charasterstics of the o

¢ it Tune gouth along the

HOPET Iair perm e Surin aﬁzeda., foilows:

[ Tengir_ omem
: hmgﬁt _ Camtodzm
{'Siops of Upsirsar Facer A RY
Eélﬁnenmuwvﬁ"eam%w 21 HY - L
:E'c.sevw;tith ) riasmioﬁ..gr;,_;u N
t,re..?Wnﬁh Iﬁ?‘!g?lwavi "__Em NV——
psﬁ‘fmfaﬁegurﬁam N ﬂ-':héavy riprap o
;—El:;n;ﬁl;rﬁ—r:azt Smfare o "‘:!agq_a_r;;‘__apgg. —

Keydesign conaderations for Hhe- upper wain berm ate identficd as follows:

*  the proposcd upsirsarn tie-{n fogation i withiv 2 disturbed ared (Fforor quarry site),

re&uluzzg i %:.an frée reinoval;

« 1he wpper hem crosses Dryden Creck, neessitating a crossing 1o allow the croek to
Pasg Ihnuah thi berm, bt pievent significant: debris flow materal from passing
through the berm;

= the prr«powa* Dryden Creek crossing 15 3 corngated sicel arch culvert sized for
20m’/s flow capacity snd ingludes 2 gravel base {the design flow is approximately
{wite the Dryden Oreel Q‘zan- 200-year réturt port: od flood flow). end

* enviroomental issues associated with Pryden Creek mrta“fe avoiding construction
between HI*’M’&VS)& ind Drvdon Créck (réfer to Section 7.4).

Essues aisaciated with the highway crossing are ident; fied w Section 5.2,

HiGHWAY GROSSING

The ongiual coucept nvelved a highway relecation. weorporating 2 mild S-besid. Tn
view of the higli vost and implementation sssiss assnetated with the Highway relocation,
berm alternatives that do tiot necessitate & hrgbw gy relfocation have béen réviewed. It has
heen sorcluded that it is féasible io retain the exsting highway alignmeni, but
considerable regrading of the highway will be reqinred.

Gms;ﬂtm:? Engm&ﬂ



PRELIMINARY DESIGN REPORTFOP, CREEXYS F AN DEFLECTION BERMS
FiNAL Reporr

6.3

The proposud regrading jrovides for raising the highway up and cvecihs maia berra, this:
&ade chiange at the berm erossing locatworn would be dboui m shovs the exiseng

highway clevaton,

hﬁfliﬂiﬁ, Qf Trar Spt}!'{,ﬁcnu st w tre consnfied dtlﬂl’g‘ m e ﬂ'lEl . mm&r_, iit"iigll p ———
commingrded as follows:

= there iz o obieciion to the highway tegrading as long es thy applicable highway
desrgreerayia ane follgwed, :

¥ the degign shonld aceongnodaie ulimate %a:iﬂﬁn:ng of the kighway ta thrze or four
lazies in this arés: and

* there is tio commuiant oft behalf of the Ministry to pay for the highway wark.
The concept for the ragraded highway erossing fs sutamarized ag fedlows:

*  the exssiing highway grade Botween Squamish V‘aiif:y Road and Déput Koad varies
between ghout 29 atid 6%

= the design shoitid nrovide for adesign snced of upto 110-kaihr,;

" the verticsl resiignment of the bighway over the berm is hased. an providing the
Breiminaty dosrgn spesd erest curve K factorof ISkand sagcurve ¥ factor of 35

* Lrmect this desipn criteria, road 1 ¢grading may cxtend abous 700 n: iiori% of the main
berne prossing and ahout 190G m south of the crossing;

* ‘the maximam approach grade to the main betm fromi the south Will be 6%t =+8%,
and the transition grade north of the berm willbe 2%, to-+6%%;
= the desigh provides for maintainiug the existing cast highway showidsr and

constiucting the frow highway 16 the west; and
* the highwey reorading is tiof cxpected to impact existing utilities.

Ttes provades the basis:for preliminary design for regrading the Highiway ovér the berm.
Nutwithstanding thus, thre e some other possible alternatives for the highway srossing
‘that r identitied in Soctiis 7

Man Berm

The main berm exreids from Highway 99 te the BC Railway. The section boiween

Government Road and the B Rauway is veferred to ag the lower mainr berm. The yauin

KERR WPOD LEIDAL ASSOCIATES 1107
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berm would bic dpproximately 7.5 & ’ln:,h over i ondite fength, The lovier main herta
would be abaut 6 m high
A jypreal degien eross-seotion for the matn berm 16 shiowi 1 Figwee 623,

The phvscal characieristig of the mstn herm sre summatized oy folfows:

.‘__144‘) ,1‘arppgf¥ L
?FMB
_'}:i’: H‘f

[Lengt,
Haight.

' 'Skapa af Upstnearr Fat;e '

o,.ne ﬁﬂownstraam Face' _ f" 1 Hy ‘k ; o
Piase W idth B _341:’(&;:;1@
Crest Vict, o Em
'_{:v_;:_\?t,f_ﬂr_im Faf:u @urfa‘f‘e f{P’;:'_ o %l

Lanc. sea;;w‘

| Downstzam Fﬁhe!w‘ﬁa':: 3

The physical characteristics of the Lower Main Bérm are summarized as followsy

_ 1‘30 i ;apfwmf.}

e e ann I

Lmn“w

Ii"iﬁila’;* T _."5"1 SR
oln;a anpatm-am Fqcﬁ . " _1 f_f Hv o

)I\Up& of D\.‘Wﬂ *’tream Fa,-s-. -‘:‘ ] H2 \’ .

,Basewdm: N

‘28 m

jCrestvdt:

-E;m

: %Jpstream Face aurface

_Rigrep

| Dmmﬂnam Fase ..,uri*dce Landstapsd |
“““ <y design considerations.for the biorny are identifiod a3 follows.

*  the alignment provides Top clearing « night-of-way sbowt 50 11 wide in second growth
fbrﬁ:ut, an area of sbout 9.2 hd;

* there arc some enviroumental fssuss agsociated with the wee removal {thesc are
addresced 1 Section 7.4);
= the botrn crosses under four BC Hyikro high voltags transmission Lines, thrée near

Highway 9% and.cne adiacent to tha BC 'ian!wa,,, for which cledrance will be a design
coBstraint;

x&ﬁa waon l;Ernﬁm ASSORIATES ::m
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* o Governtizal Roud, s b is iterupied,. with the road rc;'rad,.f} GVRF Al 330
v ia this fedutm to créate an cleviation mersass of ghoul 2.8 5 miagthe ‘wm: opemng,

= At the BO -'(;.ﬁfiﬂ'v’-, t‘v., berrd swings o fhe hotth to deflect. delrie away font
Waiwakwn LR, No and away from the active Squamigh River d*.mnel and

¢ spectt construchon te hrlqu:“t may be required whep the benn erossns T VeRCTmarm
near The cas ;BuLyﬂ;c right-ciway,

This provides the bazis for resliminary design of the main bican and Jower mign berm

6.4 WawWAKUM BERM

The Watwakur: Berm is an gxtenzion of ihe Jover main bern westof the BC Raibway 1o
deflecr debris aw 3y fror Wawalum IR, No. 14, Tlic berm patalleis ths BC Ratway for
about 490 1, proy ldmg & overlap with ‘the downstrear end of 1he lower zi bern
Bewwzen the twe horin soctions will e & smail 2ap throwgh which vulv very mitior
-qu;_ntme.» ol iud and Aoodwater could escape. Specisl snsidoration will noed io le
ghver o any mpast of benp construction on the ratlway,

Assaciated with cemstfuttivn oY this berin is fhe propescd extension of the ExIsting
Souansh Brvoe dyke 1o tiz vatl the Wanvakem b, 2s weil 42 some bank, prdiccion
works it ibe peint. where debiis would soierthe Squantish Fiver,

‘The phyvsis at charsctenistie of 1H¢ proposed Warwakem bhenn ate suntrarsed oy ilows:
i P

500 m (approx.)
e Ksm o
o st EEAC A
510':»‘- ‘3‘ Qoﬂns;ream F:aaew' ;'2"1' AH-‘%/
[Basswiarn 2umianprox)
1 trgsi l"v'rdﬁ ) T 5rr
Upstieqim Fagn ¢ Guace.  Ripmp )
Lc‘wmu;r;;";;;;;a&!mceb ' Landscaped ]

6.5 AIRPORT BERM

A horin up 1o aboul 3.0 fy high is needed at the wirpert. The original concent invehved 2
bermi on. the arpert {westy side of Govérnment Rosasf This would nécessitate vel sweation
obthe witpott acééss road.

"“rmsuffm aer-s
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6.6

Follawing thscizs smz& viith the District, for preippinary design puipeses, s two-nart berin
is. praposed, with: gt sestion located on the st eide of Goveimrent Rowi amf the Other
oeuted went of iovarnroont Road and wrapging o an degfecs atound ihe comer of the

S0 ?pt_(j_p*‘.n).:

Construgtion of ths bergy v wot expected 1o have any significint inipict on exisung
uirlities.

A typical design cross-section for the airport borm is shewn in Figors 5-3.

The physicat charactoristioy of the pronosed aioport berm are summarized as. follows;

dengh:  TaOmappon)
he«»qnt | e LR
"mpa of Uﬂ&km Fat-

e, i 1 i e

..‘,.__

: v < b : 35 m ——
; L'rQSf "f[ﬂfh" " - " i . . ' 4
| Unstream Fare: Surfate:  Rigrap

.—"mu—a-

-c-:rp» of’Dmnm_ ‘re"arﬂ Far‘a

Dmfms;eam Fa‘..ﬁ %Jrfae» ' .__-m::ﬁ?;&pgfim '

SUBSTATION BERM

The eisting porimeter berm at the Cheskve Substation appears to he hizh ciaough for
Hood and debtis flow protection, Therc s v tranistor of risk to the substation baprd as a
resilt of the proposed detlection bérms. Therefore, ng modifications t the existing Bem
are proposer, Regular majtitenance of ihe subsialicn berm is recontmendad.

KERR woon LEIB:AL ﬂssocmres LTD.
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7.

7.1

{ Vpper Wi Eerm i 37,837,000 1 %13,392.000 |

IMPLEMENTATION CONSIDERATIONS
CoNSTRUCTION GOST ESTIMATES

Prclunmary constriction cost estirnates for the vanops berm sections are preseniod in
Appeuul\ B, and are summarized a3 Wllows.

- Cans!mcﬁun Cast Estimate
H@rmsact‘ibn Low Scenarle | High Scenarfo 1

ManBerm - _$348000 | $5877,000
LlowerBente | $56BOOY;  $93¢000]

| Womalguri Bermi |~ $563.0001  §1.408.060 |

[MipoBemh | §808000|  $1.097.600
jTotal . | $13.599.000 $22.?;3'.ij9 '

Two cosf seenarios are presented, The hgh cog is Based on the catrent market Frice of
pit tie gravel Borm dore material at 315,00 per cubic rietre. The lewer cost scenatio is
based-on & marg coonemical supply of bermi vareg daterial from focal excavatioas or river

zoweces af §5.00 per cubic metre.
The zapital eost estimates ingiude the follewing:

*  the upper main hetn cost includos the bighwiy regrading cost and an allowanze for
eaviteagaenial conspifisation;

* the main berm cost inchudes an allowance o raise the BC Hydro. overhead power
lmcs and ihe cost tu regrade Government Road at Rods Roud;

#  the lower mair; bérim cost includes an allowance w0 regrade the single everwad power
dunsi ‘ s

o the Waiveakum, berm cost inclades construction custs of the. dvke and rver bapk
proteciion works:

s théairourt berrit cost includes the costio regrads Government Rooad af the airport; and
®  the custs influde 1095 engineering, 15% wmmgc:my and 7% GST.

HC tivdto have revigwed ths cosis to: deyign and consiinct tower and cable medifications
i acsommodate clodranics requiremedts to the proposed Mait Berm. Their Tetter of
Magch 4, 3003 8ha dudresses this cost 1s presented in Appendix C.

KERR WOOD LEIﬂA’L AS%OGIATE& l.:m
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7.2 STAKEHOLDER CONSULTATION

The prmarv stakcholdors for this project arc the Litagtey of Transporiatise, Land dnd
Water BC, tho Squanish Wation and BC Hydro. Some drzcussions have oceansd with
these paniv: during the preliminary design work. Further ds senseions Wiii be négessary
prior to defailed datigh. Additional stskeholders should also be identi fied und consuited

7.3  PHASING OPPORTUNITIES

Construztion of the main berm woald be staged, but fo avoid an mterim teansfer of ridk, i
would be necegsaty to commgnce work av the downsirdary end. This would involve
eonstruction o the Waiwakum: herm first, £5] lowed by the main borni and apperbarm

74  ENVIRONMENTAL ISSUES

Prefimingey desigr: hay invelved an irdtial erviromricntal toview, The envircnmental
report 3 included 1 Appendix 1o,

The frost sigmificant epviroamental igsus is the main berm. erossing of Dryden Crench.
The assoviated enviroamentst jssurs oo removal of tiparian vegelaticn and insfream
congtnscuon which will negessiats some Compuniatury work,

Tlesring for the varicus bers steuons rould reswlt in some wildiife vipacts, such us
tamoval 0f faptor nesting frees,  The eavipnmontal 1epott includes  some
reeotivnendations i this regard.

7.5 MATERIAL SUPPLY SOURCES
The profect sill tequin: large qusntitics of berm fill and rock riprap,

Some o the berm construction material could corue from excavation and Jevelling for a
Froposed polf course in this vicinity. Any excavation ofi the phll side of the bern
endlanses th potential for deposition and storage of debris flow material, provided thar

the:site gradiny £+ periormed i an appropriate manner.

The existing gravel pif aces v the north side of the lewer main b would be an ideal

fill somce for ihe herms, ‘Bxcavation of fill from this arca would have ihe added benefit
of providing a debris storage arca.

Fhi existing - garbage dump ared reprosnts & taueh less. desirable Bt soupve due 4o thi
high silt content of the $o11 in this area.

Economical £ill sourees may dlso anze from the ongoing Righway 9u upgrading.

KERR WooD LET
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76 OTHER DESIGN CONCEPTS

i ine course of this study, zuine a altefiatiy ;:ortcwptn fordetrit flow mwanigtment and
borm constraction have boon identfisd. TLL s¢ afternatves will not affodd 1&*‘ alipmaii
of the gain berm and gie proseoted g5 follows,

HiHwAY UNDERPASS CULVERT

Ag an alternalive to enging the prads of Highway 29946 nass.over the behn, cénsideraiioh
Ras beon given o k*epmfr e feglway oo (8 cutrent grade Tovet and passing throygh
the: main Bach in farse ulvats, This concept 15 FHown: oty Figure 7-1. I s ool possibic
fo pass three langs thrw,}'i the Derm an a single ontverf berauss -_-ft-a ‘g iraitation with
ﬁ‘f’!.ai plale cubvens. The mavitaum span 15 Tmited to 152 m. whercd® theee langs of

7 mach and 3 m shoubfers roquires 16.7m widilh of roadway. mtﬂmain'cs such as
semisareuter Tech-Spadi cotreto oulyers would b top high Tgure 7-1 thetefore shows
1w cuiyeris allowing for wo fahes cack way., These ;ulvcrh wo'l*d b 12411 spat.
cach, and Lhu.h.,l,t_{in_. reegld ho-close o the hoom & r;z,h‘( wfSm

Finad designs would requnie debris Sow' madelinig v assess the quntity of debris (it
i perss t.noui_h the culvens. Dupesding on the vsulls of such an dn,'.I‘ufsfwj. a low
domristrest b might b6 needad onthe west flank of the fugbwav in order 10 prevent
debirds flowing inte: developsaent south o b the mnain bert. Thew 158 tondoney for cuilverts
B phig duving dobiris How, manly boctuss they erther janr with large woody debrrs or
structural collap e Lakes. place 1t meehi b pprdprisle to :hhb,.m elv m.:an the eniverts
i faveyr spricloval colldpss by exfending the uphill raouth of the weidl plate arch io
protruds bavond the rarth fiH of the main b

At a vanudion of the highway culver toncdpt, enhanesd debris containment may be
achicved By constriscting o paraliel eoncrets 1o {atoing headwalls and a perecuiiis type
ot gate ontha north end of the umderpass. This woukd involve an attomatic closure that
wauld be triggered by an cyent und would reduce thie dmgunt of dobris that coulil pass

.ﬁmug,h the highway opening
CuT-orr BERMS AND CONTAINMENT BASIN

To minimize the extent of fighwsy rograding and maintam the coxistian jiighway
ak g, thé rain beria could he supp}emunt;.f} with, .srwnddry cut-off terms south of
the i berm as show on Figure 7-2. Thos would result in & gap heing Loft in the main
‘Berm grossing 3t Highway 99, and m;g fiow through the gap hging ntcrceptid in a
constmeted basin downstream.  Sotne tagree of mglmnu regrading ‘would also be
neoéssdry, but this would be less than for the ongmal concept  Tomstruction of this
catiinent basin would be very favourable 1 view o7 exigling topoaraphic foatures. A
Berm £ barrier erossing of lower Drydert Creek would also be necesdsary.
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ROLLER COMPACTED CONGRETE BERM ALTERNATIVE

As an alfomailve 1o sompacted gard and gravel B the homa conglraction, fofler
eompactod toncrein (RCC) could b used. Thic. would mnvelve & much Smmalicr crogs-
section of about. o0 m° using a 3.6 m wids erest and 8.7:1 ¥ side downlull glope and
G3:1 KV aphill siope. BOC o usad extensively in damy conatroction. Iris alio wsed
extonsively i BC. for Iog sosts. It wrilizes “dinty” sand and wravel wigh a fow femcht
coiftent and the material is pisced ac & dry mix, spresd bydoaer i fayeis g compectod
witl ~vibratery roliars.  The Tequirements for irfipetmeability sl serengih far botm
construction would be loss dririgent than for wutsy retention ddra constrocting, The
Freneh variation, knswn as hardfill. uses a cement ventent of about 50kgm’, s pf
such RCC, or hardfill would have the advantage of being crosion resistant s that the
upstreamt niprap siope nrofoction could be ehmmated, resditing in an appreciabic cost
saving, ‘The steop uphill 4t of the her would also Minimize debris flow p m-Lp,

Thez coss of & RCC befm could b2 a5 Jow a3 §1 million yer kilodrielre: feit0f 0 7 xn high
beist, ‘

Further considerstion condd be given to these dliernatives prior 3 Snsd ehoice being,
madg.
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PRELUIRIARC DESIGH REFORTFOR CHEEK¥E FAN DEFLECTION Beans

= Fral REFORT
DISTRICT OF SQUAMISH JuE 20H3
8. SUMMARY

The key tindings of this report sre sanmmanized as fotlows:

HASARDG MAGNITUDE

fo The sirocificd desioy cvent voslimis of 7 m.i}fcm i’ appa.‘ 215 P % SFiY TOnservative
anr ihe hasis of recent tescarch. A vadue of showi 54 niltion m may be & reord
appropriste vohumnd of the Targest debris fiow to ofcur i the Tz 10,000 yeu yeurs

2. The largest debriz flow tootour in the Tast 10,000 years may have a refurn pericd that
sheebris 10,000 yoars

3. The provioug estafsts o dos 1gﬁ debds flaw dischargs of 1. CJ iﬁjr’s 15 contiderad dar
irm Tow. & vahicof 15, L00axs is more gppiopriats for & debing flow of 5.4 miliisn
ny volurae

4. For thepurpose of this ::*udh the design debris flow magmitud haﬁ bieen spcificd us
a volame of ¥ willivd o, along with a peak discharge of 15000 m¥/s by MWLAP,

DEFLECTION BERM CONGERT

5. Vot the purposi of dils stly, a deflecion bofra couzept was propcssd by KIWLAPR
arid thenstrict (Vigure 1-1).

6, ‘Fhe deficetion hotay conespt has boen tefined on the basis of the fvestigaiinns,
ubdstiakesy for this progectiligure 641,

Depris Frow MoDELLING

7. Debris fow modclhag vath FLO-2E provides basis far agsessiag the eHbctiveriess

of Ibe propoled deflection born schieme, identif] mi: {rarﬁ':;rr* nf 13k assues. aad

providing prelimmary berm heights for the 7 ml?’mn ar “destyn debris fowe,

Bazed on thi vigdelhng results, the proposed deflectisg Keriii schemi¢ is gonsidersd

feasible fu protectifig the Bisckcudale area with no siv mf‘wm* transfee of sk,

providei fhat approprizte design copsiderations are applic od,

e

PRELIMINARY DESIGN FOR DEFLECTION BERM CONCEPT

% The ‘q;apr;t aiin bérm wotild be about 12 m high cast of the kighway. réduciog fo
about 8 alofig the highway. A key design consideraion. is fhe need for a 1 Llrgc
eivert where Dryden {‘er crosses tho bémm. It will alse be pecessary to mainizin
an approgmiate paiai cormdor dlong Dryden Cruck,

KEFEFE wucm llElBALASﬁ(JCIATE.S Lri?
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PRELIMINARY DESIGN REPORT FOR CHEERYS FaN DefLECTION BERms
. _ FaiaL REFOST
DisTRICT OF Sauamsy — e . e o, JuNE2D03

10, Rafsing Highway 99 over the fhizin, '.:;Lmr wonld javolvid a significant highway
regrading éxtending nusarly Froe Squatnsh Vallgy Road:ts Depot Road.

11. The mait bertn would be about 75 nx high and the tower mam berm aboiit .0 a1
high. A key design consideration a5 the need o provide sufficient clogeancs between
the benn crest and overhead BC Hydro Bigh voltage: trarsmission Tines This will

fecassitate modifications fo the {ransmiesion firk sysfern.

12. 8poial :ierig:: .-mﬂs.fdérat‘i{-\tﬁ will be required at each of the fncar dezelqmcnt
erssingt of the raia bori (Highway 94, waemia, powetlines, Governinent Rood
BC Radivay),

13 The Warsvakura berm should he kept 2s far viorth as reasonably possible in arder 1o
avoid band use coniticis on TR. No. 14, ahd to v o1d.dirccting debris diréctly inté the
Bquatnish River. Thisberm shenld connect with the sxisting Squamish River dyke ai
the downstream eid i ofder fo provide sontianius proteciin. Protection: of an
wrstable river bank w the point of dizchiargs will also Hiely be nesessiy..

WA relatively Jow berm, that i3 shout 3.0 m hagh will bo sufficiont fo protect the
Squarmish Airgirt,

15, ‘the existing hernis ot the ﬁic.cf?.;a‘ﬁ Substatian de not appear th. wargant. upgradiog a5 &
result of the piopised dufisction berms,

CONSTRUCTION CosT EsTiMATES

16 Prelarunany cost estimates for (5 varidus berm sections are summarized os folows,

B Secion | S S e ]
J Vboer Main Berm | $7.837,000 ¢ $15.383,600 |
{ MainBerm 53488000 $5.877.000 |
jrowscBorm T TTSESZONG | 938,050
| Weiwakom Bam | 5053000 T $1,406 000
___$30m000 T~ $3.096 500

(rofel___ T $13560,000 | $22,713,000 ]

These costs reflect high and iow cost scenarios based on possible price varfations for
berm vore gravel, The high wost it based on $15.00 per cubre motre gravel if
purchiced frorh a commercial pit and the low fcenario based on $5.00 per cubic metre
if'the material is supplied as a disposal iten for excavaiions in fhe ganoral aren,

17. The high cost-of the project is reflected in thiree key issies:

AR OO0 AL ASSOGuATES 170
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_ FisL REPORT
DisyRicro=SaQuesassy N JUNE 2003

= the very Yarge size-of the varions berit sectivns pesulting o shch an éxtrome

designevent;
* thesiguficant amourt of Lighway regtading requized: and
¥ theneed bo regrade thé averhead hydo tranamission finee,

18 The constiucnng cost could tand toward this love feondrio if a0 econorical Gl supply
sonice canha identifisd,

19, The construciion cust could afso be reduced iF e dobng flow design criteria is
reducad below the 10,600-year returmprood (5 & result 6 snualler berms),

IMPLEMENTATION GONSIDERATIONS.

* Friather consultation with the key stakcholiers will be neccisary piior to detmied
desi st of mitigaliva measurss.

2. Construciitnol the miata berm could be staged, bui voork wontd nesd to start frem the
downstresm (Wawaloimjend,

22, Envigopmusatal isspes associuied with fhe deflection berm concgpt havs hecn
ihaptificd, The i beri crogsisig of Drydan ek s the primary 1ssue. Wildhfs
l*avtw 3 Us€ assiciaied with tree roraoval s srother issue.

Canwlﬁ'ng Englmu
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APPENDIX A PRELIMINARY DESIGN REPORT FOR CHEEKYE FAN DEFLECTION BERMS

GEOTECHNICAL INVESTIGATION. FINAL REFORT .
DISTRICT OF SQUAMISH JUNE 2003
1.  SITE INVESTIGATION

| 1.80 10 2.45 Buried root layer observed at 1.8 m. Poorly graded, grey,

In order to investigate foundation conditions for the proposed main berm, test pits were
excavated, soil strata logged and samples taken for sieve analyses. Exposures of sand
and gravel formations were also inspected in the garbage dump cuts and in the large
borrow pit alongside the BC Railway west of Government Road south of the airport.

KWL carried out test pitting along the alignment of the main berm between Highway 99
and Government Road on January 22 and 23, 2003. A total of 8 test pits TP-1 to TP-8
were excavated to depths varying between 1.9m and 3.3 m below the existing ground
surface. The location of the test pits are shown on the preliminary design drawings
(Appendix D).

The test pits were excavated using a small hydraulic excavator (Cat 304.5) was hired
from MacDonald Trucking Ltd., in West Vancouver.

On the first day of test pitting, approximately 20 ¢cm of snow had fallen during the
morning and prior to the work, and it rained in the afternoon. There was intermittent rain
during the second day of test pitting, and very little snow remained from the previous
day. The wet weather during the test pitting program was preceded by a relatively dry
period.

Logging of test pits was conducted by David Matsubara, P.Eng. under the direction of
Nigel Skermer, P.Eng., Geotechnical Engineer.

The test pit logs are as follows:

TP
Near the intersection of Ross Road and Government Road within the proposed main berm
footprint

Depth (m) ' Description

0.0t00.15 Black ORGANIC soil with roots
0.15100.55 | Poorly graded, brown, loose, fine to coarse SAND with some |
cobbles and boulders in the matrix. Slightly moist. -

0.55t0 1.20 Loose, brown, fine to coarse SILTY SAND with some gravel
and cobbles. Moist. Sample taken at 0.55 m

1.20 t0 1.80 | Poorly graded, compact GRAVELLY SAND with some cobbles.
and boulders. Boulders and cobbles angular to rounded.

compact SILTY SAND with some gravel, cobbies and
boulders. No water encountered in the test pit. Sample taken
| &t 2.45 m —end of test pit.

KERR WOOD LEIDAL ASSOCIATES LTD. A-1
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GEOTEGHNICAL INVESTIGATION FINAL REPORY
DISTRICT OF SQUAMISH JUNE 2003
TP-2 .
Opposite to school on Ross Road within the proposed main berm footprint
Depth (m) Description
0.010 0.20 Black ORGANIC soil with roots
0.20t0 1.0 Brown, ioose to compact, SILTY SAND. Distinct root layer
seen at 0.6 m depth. .
1.01t0 1.60 Poorly graded, light brown SILTY SAND with some gravel and
cobbles.
1.60t020 Poorly ‘graded, grey, compact GRAVELLY SAND with some
cabbles and boulders — generally rounded fo subrounded
(diameter up to 200 mm). Sample taken at 1.5m.
20t02.30 Poorly graded, grey, compact SILTY SAND and boulders and
cobblés (diameter up to 300 mm). No watér encountered in
the test pit. End of test pitat 2.3 m. .
TP-3
East of school on Ross Road within the proposed main berm footprint
Depth (m) Description
0.0to0.20 Black ORGANIC soil with roots
‘0.20t0 0.9 Brown, loose to compact SILTY SAND with some gravel,
: slightly cohesive.
09to1.1 Thin seam of brown, slightly cohesive, compact SILTY SAND.
0.910 2.1 Grey, loose to compact SAND with- cobbles and boulders —
. angular to rounded. Sample taken at 1.8 m. :
21to 2.3 Compact, slightly cohesive, SILTY SAND with cobbles and
boulders. Sample taken at 2.1 m. No water encountered in
the test pit. End of test pit at 2.3 m.
P4 ' .
East of bend in Ross Road within proposed main berm footprint
Depth (m) ‘ Description
0.0 t0 0.30 Black ORGANIC soil with roots
0.30t0 1.1 Brown, loose, coarse SAND with some silt and/or fine sand.
- Sample taken at 1.1 m.
11to 2.1 Poorly graded, brown, moderately compact, coarse, SAND
with some silt and/or fine sand and gravel with generally
rounded to subrounded cobbles and boulders (> 600 mm dia.).
Sampile taken at 1.65 m. ' ' -
21to28 Poorly graded, compact, coarse, GRAVELLY SAND with
cobbles and boulders (> 600 mm dia.). More resistant to
digging than upper strata. No water encountered in the test
pit. End of test pit at 2.8 m. '
A2
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TP-5
Between Ross Road and the BC Hydro Right-of-Way along main berm centreline
Depth (m) Description
0.0t 0.10 Biack ORGANIC soil with roots.
01010 1.0 Loose, brown, coarse SAND with scme siit with rounded
cobbles and boulders.
100 1.2 Compact to dense, grey, well graded SANDY GRAVEL with
‘ cobbles and boulders. Sample taken at 1.2 m.
1.2t019 Compact to dense, grey, well graded SANDY. GRAVEL and
cobbles and boulders. Difficult to advance the hole with |
available machine. No water encountered in the test pit.
Sample taken at 1.8 m. End of test pitat 1.9 m.
TP-6 _
East of BC Hydro right-of-way along berm centreline
Depth {m) Description
0.0t00.10 Black ORGANIC soil with roots. Boulders visible on ground
surface :
0.10to 0.6 ‘Very loose, brown, poorly graded, very well drained, coarse
SILTY SAND with rounded cobbles and boulders and some
gravel.
061t01.3 Compact, brown SANDY GRAVEL with cobbles and boulders
— angular to rounded. Sample taken at 0.7 m. Steady
seepage first noted at 1.1 m.
13t02.7 Compact grey SANDY GRAVEL with cobbles and boulders
and a trace of silt. Steady seepage noted at various points in
the test pit at 1.9 m. No water encountered in the test pit.
Sample taken at 1.3 m. End of test pitat 2.7 m.
TP-7"
Between BC Hydro Right-of-Way and Highway 99 along berm centreline
Depth (m) Description
0.0to 0.10 Very thin black ORGANIC soil with roots.
0.10t0 0.156 | Very thin seams, white, CLAYEY SILT (possibly wood or
) volcanic ash).
‘0.15t0 1.1 Loose, brown, poorly graded, coarse SILTY SAND with
cobbles and small boulders (up to 300 mm diameter) and
some gravel. Sample taken at 0.5 m.
1.1t01.6 Compact, grey SANDY GRAVEL with a trace of cobbles.
Sample taken at 1.75 m. High seepage first noted at 1.1 m.
160286 Thin root layer at 1.6 m. Brown, compact SANDY GRAVEL
with occasional boulders and some cobbles — rounded to sub- |}
rounded. Seepage at 1.5 to 1.6 m. Sampie taken at 2.4 m
261033 Loose to moderately compact, fine SILTY SAND (60 — 70%)
with cobbles and boulders (30 to 40%). High water content.
Sample taken at 3.3 m. No water encountered in the test pit.
End of test pit at 3.3 m.
KERR WOOD LEIDAL ASSOCIATES LTD, A-3
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TP-8
West of Highway 99 along berm centreline
Depth (m) ' Description

0.0100.20 Black ORGANIC soil with roots.

0.20 te 0.60 Dark brown, loose, fine to coarse SAND. Sample taken at 0.3
m.

061009 Light brown, loose to compact GRAVELLY SAND with some
cohesive silt. Approximately 10 % boulders (200 to 900 mm
dia.) - sub-rounded fo sub-angular. -Sample taken at 0.75 m.

09t01.1 Clean dense uniform fine sand. Root layerat 1.1m {Sampie
. taken of roots) )
111028 Grey, compact SANDY GRAVEL, with large boulders near the

1.1 m and near 2.5 m. Some cobbles and boulders in matrix.
No water encountered in the test pit. Sample taken at 2.4 m.
End of test pit at 2.8.m. )

In general, the soil conditions are found to be quite uniform. A thin 0.15 - 0.30 m thick
layer of organic topsoil is underlain by silty sand or silty sand and gravel with cobbles
and small boulders in places. The gradation of the subsurface soils varies in places from
gravelly sands to sandy gravels, but overall conditions are quite uniform. The uppermost
0.5 m to 1.0 m of silty sand is loose, below which the soils become compact and in local
zones even dense. Occasional larger boulders were encountered (eg., TP-8). No standing

water was encountered in any of the test pits.

LABORATORY TESTING

A total of 11 samples of soil from different test pits was sent to Metro Testing
Laboratories in Burnaby for grain size analysis. Sieve tests were carried out on washed
samples generally below 50 mm (2 in.) maximum particle size. The results of tests are
shown as the attached grain size curves.

The results indicate generally well-graded soils with the following ranges of particle size:

= (Gravel 30 - 80%
=  Sand 20 - 65%
= Silt 1-25%

PREVIOUS TEST PITS BY OTHERS

The previous test pits from the 1991 Thurber-Golder study were also reviewed. The
relevant Thurber-Golder test pits are shown on their Figure 3-4, and listed as follows:

= 91-53
= 916
=« 9]1-23

KERR WOOD LEIDAL ASSOCIATES LTD. A-4
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= 9]-16
= 91-61

These tests were excavated to depths ranging between 0.8 m and 3.0 m. The descriptions
are written in terms of geomorphic processes (i.e. fluvial, colluvial, or glacial), but
nevertheless confirm the presence of silty sand and gravel in all test pits.  Figure 3-4 in
the Thurber-Golder report also differentiates between debiis flow deposits (Hdf) and
flood deposits (Hf). Relevant to this study debris flow deposits were mapped east of
Government Road close to the junction with Ross Road, while flood deposits are mapped
west of Government Road. :

KERR WOOD LEIDAL ASSOCIATES LTD. A-5
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PPLIER SAMPLEDBY CLIENT
JURCE SITE TESTEDBY  NM
"BCIFICATION TESTMETHOD WASHED
ATERIAL TYPE NATIVE
T T 1t e W oA ek Ll " Lot S mi0g Baicd
4aa . ]
[ éﬁ!ﬂ
o MA -
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‘G- 7 - 30 g
2 60 - . w R
e so - 50 5
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z g o =
20 T : 0 ©
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GRAVEL SIZES ENT | GRADATION SAND S D i
- , PASSING LIMITS | SAND SIZES AND FINES %iggﬁl:g GRG&I%MN
i 75 mm No. 4 4.75 mm 32.3
. 50 mm | 100.0 No. 10 2.00 mm 25.0
/2" 37.5 mm 70.7 No. 20 850 um 16.9
: 25 mm 65.4 No. 40 425 pm 10.6
4" 15 mm 59.7 No. 60 250 pm 6.9
f2n 12.5 mm 52.3 No. 100 150 pm 4.7
‘gw 9.5 mm 44_4 No. 200 75 pm 3.0 .
MENTS
1 DEPTH 2.45M
2 1 of 1 2003.Feb.11 METROYESTING LABORATORIES LTD. PER

tng of these test resulfs constifutes a testing service only Enginesring interpretation or evaluation of tast resutts is provided anly on written request.
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PROJECT KERR WOOD LEIDAL ASSOCIATES LTD. CHEEKEYE BERM
. . SIEVES - CHEEKEYE BERM
DNTRACTOR KERR WooD -

SIEVE TEST NO. 1 DATE RECEVED 2003.Feb. 07 DATETESTED 2003.Feb.10 DATESAMPLED 2003. Jan. :
_JPPLIER | ‘ SAMPLEDBY CLIENT
SOURCE SITE TESTED BY NM

PECIFICATION TESTMETHOD WASHED

ATERIALTYPE NATIVE
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GRAVEL SIZES PERGENT | N | '
.EL 1ZES PERCENT |  GRADATIO SAND SIZES AND FINES Fl;i%gﬁg GRADATION
3" 75 mm| No. 4 4.75 mm| 58.3
20 50 mm| 100.0 No. 10  2.00 mm | 37.9
1/2“ 37.5 mm 88.9 No. 20 B850 pm 27.5
25 mm. | 87.3 No. 40 425 um 18.4
3/4" 19 mm 85.1 No. 60 250 pum 12.0
/2" 12.5 om | 82.3 No. 100 150 pm| 6.5
/8" 9.5 mm{ 76.0 No. 200 75 pm 0.8

IMMENTS
°~2 DEPTH IS 1.5M
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‘ROJECT KERR WOOD LEIDAL ASSOCIATES LTD. CHEEKEYE BERM
SIEVES - CHEEKEYE BERM
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VEVE TEST NO. 9 DATE RECEIVED 2003.Feb.07 DATETESTED 2003.Feb.10 DATE SAMPLED 2003.Jan.23

UPPLIER SAMPLEDBY CLIENT
QURCE SITE TESTEDBY NM
PECIFICATION TESTMETHOD WASHED

ATERIAL TYPE NATIVE
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GRAVEL SIZES PERCENT | GRADATION SAND SIZES AND FINES PERCENT | GRADATION
: PASSING LMITS PASSING uMiTs -
" 75 mm No. 4 4.75 mm | 89.3
S 5¢ mmm| No. 10 2.00 mm 78.2
1/2" 37.5 mn No. 20 850 pm 62.2
", 25 mm | _ No. 40 425 pm | 50.5
/4" 19 mm| 100.0 . | No. 60 250 pm 42.0
/2" 12.5 rm | 116.8 No. 100 150 pm 34.1
/8" 9.5 mm | 106.2 No. 200 75 pm 24.9
IMENTS

-3  DEPTH (.M
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APPENDIX A PRELIMINARY DESIGN REPORT FOR CHEEKYE FAN DEFLECTION BERMS

GEOTECHNICAL INVESTIGATION FinAL REPORT
DISTRICT OF SQUAMISH JUNE 2003
TP-8
West of Highway 99 along berm centreline
Depth (m) ' ' Description

0.01t00.20 Biack ORGANIC sail with roots, .
0.20 to 0.60 Dark brown, loose, fine to coarse SAND. Sample taken at 0.3
m. ’
061009 Light brown, locse to compact GRAVELLY SAND with some
cohesive silt, Approximately 10 % boulders (200 o 900 mm
dia.} - sub-rounded to sub-angular. -Sample taken at 0.75 m.

09t01.1 Clean dense uniform fine sand. Root layerat 1.1 m (Sample.
. taken of roots) '
111028 Grey, compact SANDY GRAVEL, with large boulders near the |-

1.1 m and near 2.5 m. Some cobbles and bouiders in matrix.
No water encountered in the test pit. Sample taken at 2.4 m.
End of test pit at 2.8.m.

In general, the soil conditions are found to be quite uniform. A thin 0.15 — 0.30 m thick
layer of organic topsoﬂ is underlain by silty sand or silty sand and gravel with cobbles
and small boulders in places. The gradation of the subsurface soils varies in places from
gravelly sands to sandy gravels, but overall conditions are quite uniform. The uppermost
0.5 m to 1.0 m of silty sand is loose, below which the soils become compact and in local
zones even dense. Occasional larger boulders were encountered (eg., TP-8). No standing
water was encountered in any of the test pits. .

LABORATORY TESTING

A total of 11 samples of soil from different test pits was sent to Metro Testing
Laboratories in Burnaby for grain size analysis. Sieve tests were carried out on washed
samples generally below 50 mm (2 in.) maximum particle size. The results of tests are
shown as the attached grain size curves.

The results indicate generally well-graded soils with the following ranges of particle size:

= Gravel 30-80%
= Sand 20— 65%
= Silt 1-25%

PREVIOUS TEST PITS BY OTHERS

The previous test pits from the 1991 Thurber-Golder study were also reviewed. The
relevant Thurber-Golder test pits are shown on their Figure 3-4, and listed as follows:

« 91-53
91-6
« 91-23

KERR WOOD LEIDAL ASSOCIATES LTD., A-4
%qulﬁng Engineers



APPENDIX A PRELIMINARY DESiGN REPORT FOR CHEEKYE FAN DEFLECTION BERMS

GEOTECHNICAL INVESTIGATION FINAL REPORT
DISTRICT OF SQUAMISH JUNE 2003
* 91-16
» 91-61

These tests were excavated to depths rariging between 0.8 m and 3.0 m. The descriptions
are written in terms of geomorphic processes (i.e. fluvial, colluvial, or glacial), but
nevertheless confirm the presence of silty sand and gravel in all test pits. Figure 3-4 in
the Thurber-Golder report also differentiates between debiis flow deposits (Hdf) and
flood deposits (Hf). Relevant to this study debris flow deposits were mapped east of
Government Road close to the junction with Ross Road, while flood deposits are mapped
west of Government Road.

KERR WCOD LEIDAL ASSOCIATES LTD. A-b
E'gqggﬂing Engineers
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PROJECT KERR WOOD LEIDAL ASSOCIATES LTD. CHEEKEYE BERM
STEVES - CHEEKEYE BERM
.CONTRACTOR KERR WOOD ..

SIEVE TEST NO. 2 DATE RECEIVED 2003 .Feb .07 pAte TESTED 2003.Feb.10 DATESaMPLED 2003.Jan.22

SUPPLIER SAMPLEDBY CLIENT
SOURCE SITE TESTEDBY NM
SPECIFICATION TESTMETHOD WASHED
MATERIAL TYPE NATIVE
100 E F i Y T I W oaw. F =i [ ] g ART oG ‘;m 0
o0 E 3w
o0 £\ 32
1] .
2w 2
E 60 -£ : ] g
s¢ £ — : 50
E N ]
g h E ‘\b-\g 70 '5“
20 ; .\‘—“ [ 1] i
10-E~ —— 90
a 100
‘3 8 & 83 @ 8 £ - g 5 2 3 ‘
1] 3 s @
s 53 83 §¢ § 8 F § § 1
GRAVEL SIZES PERCENT | GRAD, ’ i
. PASSING qu‘TTAON SAND SIZES ANG FINES ;i%%ﬁg GRG?A?TQON
3" 75 mm No. 4 4.75 mm 32.3
2" 50 mm | 100.0 No. 10 2.00 mm 25.0
11/2" 37.5mm| 70.7 No. 20 850 pm | 16.9
1* 25 mm 65.4 No. 40 425 pm 10.6
3/4n 18 mm 59.7 No. 60 250 pm 6.9
11727 12.5 mm | 52.3 No. 100 150 ym 1.7
3/8" 9.5 mm | 44.4 . No. 200 75 pm'| 3.0

COMMENTS
TP-1 DEPTH 2.45M

Page 1 of 1 2003.Feb.-11 METROTESTING LABORATORIES LTD. PER.
Reporting of these test resuits constitutes a testing servica only. Engineering Interpretation or evaluation of test resuits is provided only on written request,
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lEcT KERR WOOD LEIDAL ASSOCIATES LTD. CHEEKEYE BERM
. SIEVES - CHEEKEYE BERM
IRACTOR KERR WOOD - '

ZTEST NO. ] DATE RECEVED 2003 .Feb. 07 DATETESTED 2003. Feb. 10 DATE SAMPLED 2003. Jan.

LIER SAMPLEDBY CLIENT
CE SITE TESTED BY NM
IFICATION TESTMETHOD WASHED

RIALTYPE NATIVE
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GRAVEL SIZES PERCENT [ '
. s PERCENT Gm%ou SAND SIZES AND FINES PERCENT GRADATION
75 mm , Ne. 4 4.75 mm 58.3
S0 mm ] 100.0 No. 10 2.00 mm 37.
2" 37.5 mm 88.9 No. 20 850 pm 27.5
25 mm.{ 87.3 No. 40 425 pm 18.
19  mm 85.1 |~ No. 60 250 pm 12.0
12.5 mm 82.3 No. 100 150 pm 6.5
9.5 mm 76.0 No. 200 75 pm 0.8

TS
DEPTH IS 1.5M
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PROJECT KERR WOOD LEIDAL ASSOCIATES LTD. CHEEKEYE BERM
SIEVES - CHEEKEYE BERM
CONTRACTOR KERR WOOD ) ’

SIEVE TEST NO. 9 DATE RECEIVED 2003 .Feb.07 DATETESTED 2003.Feb.10 DATESAMPLED 2003.Jan.23

SUPPLIER sSaMPLEDBY CLIENT
SOURCE SITE TESTEDSY  NM
SPECIFICATION TEST METHOD W}\SHE D

MATERIAL TYPE NATIVE

L
2

*» Eol ol Il i S L] e =320 0 o

100 - \ : ':“n
%0 3~ 10
e -
7 7F ' ‘ 5 > - = g
‘2 et £ S . - 3 ag @
E £0 . 4. x ) E 50 E‘
| S« &
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2 _ e °
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g 1w
g 8§ B g % 3 g & ¥ § 2
LI - AR R U S S S
GRAVEL SIZES PERCE
. PERCENT GRGDMﬁ'gON_ ‘ SAND SIZES AND FINES ;ﬂgﬁg ngou _
3" 75  mm No. 4 4.75 mm | 89.3
2" 50 mm| _ No. 10 2.00 mm 78.2
11/2" 37.5 mm N B No. 20 850 pm 62.2
i 25 mm| ‘ No. 40 425 ym 50.5 -
3/4" 19 mm{ 100.0 . No. 60 250 pm | 42.0
1/2" 12.5 nm | 116.8 : No. 100 150 pm 34.1
3/8" 9.5 mm| 106.2 No. 200 75 pm 24.9
COMMENTS
TE-3 DEPTH (.M
Page 1 of 1 2003.Feb.1ll METRO TESTING LABORATORIES LTD. PER.

Reporting of these test results constitutes 3 testing sarvics only. Engineering interpretation or evaluation of test resulls Is provided only on written request.
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PROJECTND. 6383
or CLIENT KERR WOOD LEIDAL ASSOCIATES
KERR WCQOD LEIDAL ASSOCIATES LIMITED C.C.
139 WEST 16TH STREET
NORTH VANCOUVER, BRITISH COLUMBI
VIM 1T3

ROECT KERR WOOD LEIDAYL ASSOCIATES LTD. CHEEKEYE BERM
. SIEVES - CHEEKEYE BERM
DNTRACTOR KERR WOOD )

EVETEST NO. 3 DATERECEVED 2003.Feb.07 DATETESTED 2003.Feb.10 DATE SamMPLED 2003 . Jan .23

IPPUIER SAMPLED BY CLIENT
WRCE .= SITE ‘TESTEDBY  NM _
*ECIFICATION TEST METHOD WASHED
\TERIALTYPE NATIVE
100» r ) -l 1 e - ad e [~ ] qn Mo ﬂlﬂ ﬂ;m 0
% N - _. 1 w©
80 - - : : 2
2 AN : : 0 N
m 3 ) 3
k£ mi_- ' ——— @ 3
4 « - : 60 '."}
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o k) . \ 70 §
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0 £ E gt
3 88 ®s g& 5 5 8§ & ¢ & F
i 3% 13 3 ’ 3 T 0§ 3 3
El £ 3 3 E 2 32 a.
GRAVEL SIZES PERCENT | GRADATION SAND SIZES AND FINES PERCENT | GRADATION
. PASSING |- uMITS o PASSING LMrs -
" 75 mm| : No. 4  4.75 mm| 54.2
' 50 mm No. 10 '2.00 mm| 46.4
172" 37.5 m . No. 20 850 pm 37.5
) 25 mm| - ’ No. 40 425 pm 30.2
e 19 mm | 100.0 No. &0 250 um 24.5
2" 12.5 mm 96.1 No. 109 150 pm 18.9
8" 8.5 . 84.0 No. 200 75 pm 12.0
MENTS.
DEPTH 2.1M
a1 of 1 2003.Feb.11 MEYRO TESTIN GLABORATORIESLTD.PER. |

g of these et results constitutes a testing service only. Emmmgmmum«m«mmamuowmmm
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PROJECTNO. 6383
[~ . cUENT KERR WOOD LEIDAL ASSOCIATES
KERR WOOD LEIDAL ASSOCIATES LIMITED ce.
139 WEST 16TH STREET
NORTH VANCOUVER, BRITISH COLUMBI
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PROJECT KERR WOOD LEIDAL ASSOCIATES I;TD. CHEEKEYE BERM
STIEVES - CHEEKEYE BERM
CONTRACTOR KERR WOOD

SIEVETEST NO. 11  DATERECEVED 2003.Feb.07 DATETESTED 2003.Feb.10 DATE saMPLED 2003. Jan. 23

SAMPLEDBY CLIENT
TESTED BY NM
TEST METHOD . WASHED

SUPPLIER
SOURCE SITE

SPECIFICATION
MATERIAL TYPE NATIVE
100 a- T 1Er 1 s W ame #1 F o] 20 g sca wies Keea 0
w © 2
ﬁ wm \ 30 ﬁ
E 6c = § 4 g
g 0 —— - = 2
8 a g %'—sn. b |
& :n% N - n E
w-E ~ = 3 9
u (3] [} - -l A - N [ 3 - 100
N
5 3z 3 1 i 3 3 5 03 3 5
GRAVEL SIZES %‘ééfn“é Gmarrgon SAND SIZES AND FINES ;gggle'g Wmn
3" 75 mm | 100.0 No. 4 4.75 mm 20.4
2n 50 mm §0.1 No. 10 2.00 mm 15.2
11/2" 37.5mm]| 62.5 No. 20 850 um | 10.3
i 25 mm 50.1 No. 40 425 um 6.1
3/4" 19 mm| 42.9 No. 60 250 pm 3.9
1/2" 12.5 mm 32.9 No. 100 150 um 2.6
3/8" 9.5 mm | 27.8 _ { No. 200 75 um 1.7
COMMENTS _
TB4 DEPTH 1.65M
Page 1 of 1 2003.Feb.1]l METRO TESTING LABORATORIES LTO. PER.

Reporting of these test results constitutes a testing service only. Engineering interpretation or evaluatiorn of test results provided only on written request.
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NQRTH VANCOUVER, BRITISH COLUMBI
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ROJECT KERR WOOD LEIDAL ASSOCIATES LTD. CHEEKEYE BERM

SIEVES - CHEEKEYE BERM
SONTRACTOR KERR WOOD-

DATE RECENVED 2003.Feb.07 DATE TeSTED 2003. Feb.10 DATESAMPLED 2003.Jan.23

IEVETEST NO. 10

UPPLIER SAMPLEDBY CLTENT
OURCE SITE TESTEDBY  NM
PECIFICATION TESTMETHOD WASHED
ATERIALTYPE NATIVE
100 E = 1w ko 31(' w3 =y e -] 40 - e fal ] ?.o
oa 3 10
\
g oI el
. 3
g m.f w Q
a . I
10 L]
a 100
i 82 23 g & s » g § & 3 a
GRAVIEL SIZES F;il;gﬁ?g GRG;J‘?;;QN SAND SIZES AND FINES gﬁgﬁg G%EON
" 75 ° mm No. 4  4.75 mm| 31.4
" S0 mm | 100.0 No. 10 2.00 mm 25.7
1/2% 37.5 mm 70.2 No. 20 850 um- is.8
' 25 mm| 60.9 No. 40 425 pm| 15.2
‘qm 19 mm 54.1 No. 6D 250 pm 12.0
2" 12.5 mm 46.1 No. 100 150 um 9.2
‘8" 9.5 mm| 42.1 No. 200 75 ym 6.4
MENTS
DEPTH 1.0 M

21 of 1 2003.Feb.11 METRO TESTING LABORATORIES LTD. PER. =
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SIEVES - CHEEKEYE BERM
CONTRACTOR KERR WOOD

DATERECEIVED 2003.Feb.07 DATETESTED 2003.Feb.10 DATE SAMPLED 2003.Jan.23

SIEVE TEST NO. 7

€991 Curragh Avenue, Burnaby B.C., V5J 4v6
Tel: {604} 436-8111 Fax: (604) 4368050

KERR WCOD LEIDAL ASSOCIATES LIMITED
139 WEST 16TH STREET
NORTH VANCOUVER, BRITISH COLUMBI

viM 173

SIEVE ANALYSIS REPORT
10 20 40 60 SERIES

"PROJECTNO. 6383

CUENT KERR WOOD LEIDAIL ASSOCIATES
C.C.

CHEEKEYE

BERM

I

samPLEDBY CLIENT

SUPPLIER
SOURCE SITE TESTED BY NM
SPECIFICATION TESTMETHOD WASHED
MATERIAL TYPE NATIVE
PR B Vo T R Y W o "o w40 ice  #oo anoq
100 3 : a
90 -f - 10
- an E \\ — 20
= N:E ~— 1 % n
2 w0 S ' 1la §
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GRAVEL SIZES PERCENT GRADATION SAND AND
| PASSING UM?TS D SiZES FINES %ﬁgﬁg GRGPM%ON
[ 3n 75 mm No. 4  4.75 nm | 66.1
2" 50 mm No. 10 2.00 mm 52.8
11i/2" 37.5 mm | 100.0 No. 20 850 pm 37.5
i- 25 mm | 90.8 No. 40 425 pm 28.7
. 3/4" 19 mm 88.9 No. 60 250 pm 23.2
172" 12.5 mm 85.8 Ko. 100 150 pm 18.4
Ls/s" 9.5 mm| 81.3 No. 200 75 pm ] 13.0
COMMENTS
r’Pe DEPTH 0.6M
Page 1 of 1 2003.Feb.11 METRO TESTING LABORATORIES LTD. PER.

Reporting of these test results constitutes a testing service anly. Engineeﬁqg intarpratation or evaluation of test resélh is provided anly on writien request.
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SIEVE TEST NO. 8 DATE RECEIVED 2003.Feb.07 DATETESTED 2003.Feb.10 DATE SAMPLED 2003. Feb. 06

SUPPLIER SAMPLEDBY CLIENT
5Q0URCE SITE TESTED BY NM
SPECIFICATION TEST METHOD . WASHED

MATERIALTYPE NATIVE
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GRAVEL SIZES FERCENT | GRADATION [ sano SIZESANDFINES | PERGENT | GRADATION
PASSING |- UMTS . PASSING LIMITS
3w 75 mm ' No. ¢  4.75mm| 40.6
2" 50 mm | 100.0 No. 10 2.00 mm 30.8
L 1/2" 37.5 mm 80.8 | No. 20 850 pm 22.5
L* 25 mm 77.3 No. 40 425 pm 17.0 '
/4" 19 mm 70.8 No. 60 250 um i3.0
L/2" 12.5 mm 63.3 | Ne. 100 150 pm 9.5
i/g" 9.5 mm 54.1 No. 200 75 um 5.8
MMENTS
‘7 DEPTH 3.2M
ge 1 of 1 2003.Feb.11 METRO TESTING LABORATORIES LTD. PER.
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SIEVES ~ CHEEKEYE BERM )
CONTRACTOR KERR -WOOD

SEVETEST NO, 4  DATERECEVED 2003.Feb.07 DATE TESTED 2003.Feb. 10 -DATE SAMPLED 2003. Jan. 23

SUPPLIER SAMPLED a? CLIENT
SOURCE SITE TESTEDBY NM
SPECIFICATION TESTMETHOD WASHED
MATERIALTYPE NATIVE
. En 27 1%~ 17 M % amT L] e #20 i s dmoa =es -
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_g 60 e —————— 1« 5
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s 85232 5: §F v P f § .4 3
GRAVELSIZES |, TION
. | gﬁgﬁwg GRG%\TS SAND SIZES AND FINES :;;Aggsmuér GRGB'?FSION
3 75 mm | | No. 4  4.75 mm.| 72.9
2" 50 mm] 100.0 No. 10 2.00 mm | 57.3
1 1/2" 37.5 mm 97.3 | . Ne. 20 850 um 45.1
i 25 mm 96.3 | Neo. 40 425 pm 38.1
374" 19 mm{ 90.4 | No. 60 250 yum 32.4
L/2" 12.5 mm 87.1 |- No. 100 150 ym 27.0
|3/E" 9.5 mm 84.3 _ No. 200 75 pm 19.8
COMMENTS
I'P8 DEPTH 0.3
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«{eporting of these test results constitutes a testing service only. Engineering interpretation or evaluation of test results is provided only on written request.
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SVETEST NO. 5 DATE RECEIVED 2003.Feb.07 DATETESTED 2003.Feb.10 DATE SAMPLED 2003.Jan.23

PPLIER | _ SAMPLEDBY CLIENT
IURCE SITE TESTEDBY NM
ECIFICATION E TESTMETHOD WASHED

TERIAL TYPE NATIVE

0o T ki . o) e e o ®e  anoo dane °
/] ' 10
T 4
80 _ 20
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4 e ' - ' ‘3“"’ 3
E 50 F— N - s =
g e S - ——3 60 g
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a8 -~ 168
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' GRAVEL SI2E$ PERCENT | GRADATION SAND SIZES AND FINES PERCENT | GRADATION
PASSING LIMITS PASSING LIMITS
' 75 mm | No. 4 4.75 mm | 30:9
' 5S¢ mm{ 100.0 No. 10 2.00 mm 25.4
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25 mm 59.1 No. 40 425 um 15.9
4" 18 mm 54.1 No. 60 250 pm 12.1
2" 12.5 mm | 48.5 No. 100 150 um 8.8
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KERR WOOD LEIDAL ASSOCIATES LTD.

Consulting Engineers File No.4863.104
District of Squamish March 7,2003

Construction of Hazard Mitigation Berms

mo<m_.=3w=n Road monnna_za u»b_q ort wo_...:

; EEPTE AR o B h N s : iedyit
1. General
1.1 |Bonding and Insurance 1 ) 1,500.00 1,500
1.2 Mobitization/Demobitization 1 1,000.00 1,000|
1.3 [Construction Survey Layout 1 - 1,500.00 1,500/
i GBI R T R ot o & S s el inE o ¢
2. - Site Work )
2.1 __|Clearing and Grubbing ha. 0.1 20,000.00 2,000
2.2 |Stripping cu.m 200 6.00 1,200
2.3 |Mill Existing Pavement . 5q.m . 2220 2.50 m_mmo
2.4 |{Common Excavation ) cu.m 0 7.00 : 0f
2.5 !Subgrade Fill Construction , cum . 2045 15.00 30,675
2.8 |Subbase Construciion - 300 mm . 50.m 3120 12.00 37,440]
2.7 _ |Base Construction - 150 mm - . sg.m 3120 6.00 18,720]
2.8 |Pavement Construction - 100 mm - sg.m 2220 20.00 44,400]
2.9 |Shoulder Gravel Construction - 160 mm sq.m 900 8.00 7,200]
2.10 |Ditching lm - 300 .00 9,000
2.11 |Line Painting i . § L.S. 1 500.00 500
212" |No Post Barriers L.m 80.00 0
2.13_|Slope Top Dressing 8q.m 1200 230, 2,760
2.14 IEBmmmn_:w mn_ m 1200 1.20 1,440
s ELD- : R b O B A e AR s S R
3. Miscellaneous Allowances .
3.1 _|Traffic Confroland Construchion Traffic Re-routing LS. 1 3,000
3.5 |Environmental Controls L.S. 1 10,000.00 1,000
A e Ve e R T O R T T y e R e R 2 :
____ SUBTOTAL 168,885
Engineering 10% ) 16,889
Contingencies 15% . 25,333
SUBTOTAL ' ~ 211,108
Plus 7% GST : " 14,777
Total Estimated Cost ) ) 225,884

O»c_—aobammSmu.._Eﬁuu_E Cosl Estimates\iMarch T-03BermCasiEstimale xlslGavarmmend Rd Regrade Airport
Notes:
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BChydro & |

Property Rights Management i HAR
ledow Substati I

B . Uisersnos

FAX: (604) 590-7681 hsteriooofbvin i =
4 March 2003
Assignment: 7802
File: 8351 BCH Pt. 1

158 BR

Circuits: 60L68, 21.09/13
Your File: 463.104

VIA FAX: (604) 985-3705

Mr. Ken Ferraby, P.Eng.
Kerr Wood Leidal

139 West 16® Street
North Vancouver, B.C.
VM IT3

Dear Mr. Ferraby:

Debris Flow Hazard Mitigation - Deflection Berm - within B.C. Hydro Rights of
Way GD117203 and 423746M affecting That part of the NW % of Sec. 23.in Ref.
Plan 2623, Twp. 50, Grp. 1, N.W.D and the Northerly 12 % Chains of the NW
4, Sec. 23, Twp. 50, NNW.D.

- South of Cheekye Substation @ Hwy. 99/Alice Lake Road

Thank you for your-letter of February 14, 2003.

B.C. Hydro has reviewed your drawings and we have no objection in principle to your
proposal. This defiection berm is part of a larger project called the “ Cheekye Fan Debris
Flow Hazard Mitigation”. The berm crosses at right angles to Circuit 2109 (Str. 460),
Circuit 2L.13 (Str. 1/3) and Circuit 60L68 and varies in depth from 7 to 9 metres.

To accommodate this, Circuits 21.09-and 21.13 would need additional or replacement
structures installed in the area of the proposed berm. Circuit 60168 runs along the west side
of 209 and would also need to be raised. The approximate cost for design and construction
is $200,000.00.

A separate right of way agreement for the bérm across that portion of B.C. Hydro fee owned
land (Ref. Plan 2623) will also be required. Please submit a draft right of way agreement for
our review.

British Columbia Hydro and Power Authority, 12430 - 88th Avenue, Surrey, B.C. V3W 3Y1
www.bchydro.com

{{iTHE POWER IS YOURS



You may wish to contact Vince Masek, B.C. Hydro Project Management at (604) 528-2874
or Rudy Rugge at (604) 528-2866 to see if your schedule could be coordinated with some
uprating work we have planned on these same circuits. This uprating work is schedule to
start in early May 2003 and completing June 30, 2003.

Please advise on your course of action. If you have any questions please contact myself or
Mike Prettejohn at (604) 590-7693.

Yours truly,

Allison Bagul
Property Management Coordinator

C: V. Masek, E-B03
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CASCADE ENVIRONMENTAL RESOURCE GROUD LTD.

MEMORANDUM
DATE: March 6, 2003
TO: Mike Currie, KWL
CcC: n/a
FROM: Mike Nelson, R.P.Bio.
RE: Cheekye Debris Flow Berm ~ Environmental Issues
FILE #: 036-10-01
INTRODUCTION

Kerr Wood Leidel Ltd. (KWL) is presently conducting a design review of a debris flow
protection berm on the Cheekye Fan within the District of Squamish. KWL have retained
Cascade. Environmental Resource Group Ltd. (CERG) to elucidate the environmental
issues associated with this project.

Mike Nelson, R.P.Bio, conducted a cursory investigation on March 4, 2003, consisting of
a walking transect along the propesed berm alignment. Vegetation along the- route was
described, and biophysical information on watercourses encountered was collected.
Wildlife and wildlife sign observed during the site visit were noted. Additional information
on the area was gathered through existing sources, including forest cover mapping and
the fisheries information summary system (FISS).

BASELINE INFORMATION

The length of the proposed berm lies within the dry marine coastal western hemlock
biogeoclimatic subzone (CWHdm) This subzone typically occurs in lower elevations
(sea level to 650m) on the mainiand and adjacent islands in southwestern British
Columbia. Climate within the CWHdm subzone consists of warm, relatively dry
summers, and moist mild winters with litile snowfall.

For the purposes of this evaluation, then project is divided into three segments: the
portion of the proposed berm east of Highway 99, the portion of the proposed berm
between Highway 99 and Government Road, and the portion of the proposed berm
between Government road and the confluence of the Cheakamus and Squamish Rivers.

Proposed Berm East of Highway 99
East of Highway 99, the proposed berm would be located in a young mixed forest, and
would paraltel and then cross Dryden Creek. This area was previously logged, as is
evident by springboard notches in remnant stumps, and was also used for quarrying
activities in the past.

WHISTLER OFFICE SauAMISH OFFICE
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Dominant tree species within this area include western redcedar, western hemlock,
Douglas-fir, and red alder, with bigleaf maple and the occasional Sitka spruce. Forest
cover mapping indicates that the trees are between 81 and 100 years of age, and 36.5
to 46.4m in height, with a canopy closure of 66 to 75%. Diameters at breast height (dbh)
for typical conifers ranged from 30 to 40 cm, with the occasional veteran western
redcedar observed to 80cm dbh. The shrub layer included vine maple, salmonberry, red
huckleberry and juvenile western redcedar and western hemlock, Ground cover species
included sword fern and Oregon grape, and various mosses.

Mixed forests are productive and attractive to many wildlife species because of the
diversity of trees, the presence of snags, and varied under-story. Common mammals

hkely to be found in the young mlxed forests of the subject area include Douglas squirrei,
3 I e yellow-pine chipmunks, shrews,

southern red-backed vole, the
bushy-tailed woodrat, white-
footed mouse, Pacific jumping
mouse, and bats. Larger
mammals would include
American black bear, black-
tailed deer, coyote, raccoon,
and cougar.

Passerine bird species are likely
to be abundant in the young
mixed forest east of Highway
99. The most common species
would include song sparrow,
spotted towhee, dark-eyed
junco, American robin,
Swainson’s thrush, white-
crowned sparrow, and various
g warblers. Raptors, such as the
=1 bald eagle, are expected to use
-the veteran trees for roosts.

Amphibians and reptiles, typical
of the CWBdm subzone would

| also utilize this area. Typical
species could include Pacific
tree frog, red-legged frog and

§ common garter snake.

Photo 1 - Dryden Creek at berm crossings site

CASCADE ENVIRONMENTAL RESOURCE GROUP {TD.
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The proposed berm would also parallel and cross Dryden Creek. This small creek is
known to support anadromous chum and coho salmon, as well as adfluvial cutthroat and
rainbow trout, and lamprey. Steelhead are also noted in the FISS records.

On March 4, 2003, the wetted width of Dryden Creek at the proposed berm crossing site
was 2.5m, with a channel width of 4m. - The gradient was approximately 3%, and flow
was considered low (~ 0.05 m%s). The flows were characterized a 70% riffle, 20% glide
and 10% pool, over a gravel and cobble dominated substrate. Stream cover was
provided by over-stream vegetation, both small and large woody debris, and the
occasional deeper pool. At the time of the site visit, the water was clear with the
temperature recorded at 4.9 °C.

Proposed Berm Between Highway 99 and Government Road

West of Highway 99 and east of Government Road, the proposed berm is-located in a
young coriferous forest, which

| was logged during the same
B time period as the forest east of
! Highway 99. A high voitage BC
* Hydro fransmission line also
transects, the site where the
tree cover is removed. There
are no watercourses or
wetlands in this area.

Dominant tree species within
this area include western
hemtlock, western redcedar and
Douglas-fir. The ages of the
trees range between 81 and

¥ 100 years, with heights varying
§. from 28.5 to 37.4m in drier
sections and varying from 37.5
to 46.4m in height in richer
sites. The canopy closure is 66
to 75%. Representative tree
diameters for the former sites
were 21cm dbh for a western
redcedar, and 13 & 25 cm dbh
for two western hemlock, and
24 & 24 cm dbh for iwo
Douglas-fir.

On the richer sites, typical

" diameters were 57cm dbh for a
western redcedar, 46cm dbh for
a western hemlock, and 54cm

Photo 2 — Young Coniferous Forest adjacent to Ross Road
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dbh for a Douglas-fir. Occasional veteran Douglas fir trees with dbh’s of over 1m were
also observed. The shrub layer was generally sparse, and comprised of species are
similar to those described for the lands east of Highway 99. Ground cover consisted of
an almost continuous moss layer comprised of step moss, pipe cleaner moss, among
others. Under the powerlines, vegetation is maintained to a restricted high, and
therefore is confined to ground cover and shrubs, with juvenile frees. Compared to the
pottion of the berm east of Highway 99 and west of Government Road, there are few

snags in this young forest.

wildlife in this area would be similar to that previously described, although the bird
community may shift to include species such as chestnut-backed chickadee, golden-
crowned kinglet, Steller’s jay and Pacificslope flycatcher. The presence of amphibians
may also be reduced due to the lack of ponding water in this atea. As with the lands
east of Highway 99, veteran trees may also provide suitable roost sites for raptors, and
potential denning sites for bats. -

: Proposed Berm West of Government Road

Waest of Government Road, the proposed berm would be located in areas of young
coniferous forest, as well as in areas described as non-productive brush. The berm
would abut the banks of the Squamish River at its confluence with the Cheakamus

River, where there would be armouring requirements.

The young coniferous forest is similar to those previously described, however, closer to
the river the forest varies to a pole-sapling mixed forest with a shrub component in the
forest openings. There is evidence of historic springboard logging, and old skidders
roads throughout. The pole-sapling forest is dominated by western hemlock, with
examples of western redcedar, red alder, some paper birch and Douglas-fir. The shrub
and ground cover layers vary from very sparse to dense, depending on the canopy
closures, with species including salmenberry, red huckleberry, vine maple, salal, sword
fern, bunchberry. Some small snags are present.

Wildlife occurring in the young coniferous forest would be similar to that described for the
portion of the berm between Highway 99 and Government Road, Within the sapling pole
forest and clearings, there would be similar species, with a more abundant passerine

bird population.

‘The Squamish and Cheakamus Rivers form the western terminus of the proposed berm.
A detailed examination of those systems is beyond the scope of this review; however,
fisheries, aquatic and riparian habitat values associated with these systems are known
to be high. The gravel bars on the rivers would also be utilized by bald eagles in the
winter months in the quest food (i.e. salmon carcasses). Tall riparian vegetation would

also be used as roosting sites.
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ENVIRONMENTAL ISSUES

The location of the proposed berm will resulf in the loss of young coniferous and mixed
forests along its alignment, which in turn will result in a displacement of wildlife along the
route. In addition, the berm will parallel and the cross Dryden Creek which will result in a
potential loss of both riparian and aquatic habitat. The bank armouring at the confluence
of the Squamish and Cheakamus Rivers could also result in losses of riparian habitat.
Specific areas of environmental concern are as follows:

= There will be a loss or young coniferous and young mixed forest along the berm
alignment. These impacts can be adequately addressed through an appropriate
berm revegetation plan that includes shrub and tree species.

= There will be a potential loss of small mammal and passerine bird habitat. This
issue can again be addressed with adequate revegetation of the berm. -

= There could be potential disruptions to large mammal movement through the
area as a result of berm construction. Mitigation could include appropriate
accessible slope angles on the berm, as well as provision of adequate vegetation

cover.

= Removal of remnant veteran trees may affect potential roosting and possibly
nesting sites for raptors, particularly bald eagle, as well as roosting sites for bats.

= The berm paralleling Dryden Creek will potentially reduce riparian habitat.
Revegetation will mitigate these effects.

= Aquatic habitat within Dryden Creek will be affected by the berm crossing. The
crossing type should be reviewed with regards fo habitat requirements, flow
limitations, and fish passage concemns.

* Armouring the bank at the confluence of the Squamish and Cheakamus River
could impact riparian vegetation and aquatic habitat. At present, this bank is an
un-vegetated gravel slope, set back from the rivers. However, with time the river
could shift to this location, or the slopes may stabilize and become vegetated.
Armouring at this location will require compensatory works. Timing of the
armouring may also be an issue, particularly as it relates to fisheries windows
and bald eagle movements in this area.

= Potential aesthetic and recreationalf impacts were not assessed as part of this
review.

RECOMMENDATIONS AND CONCLUSIONS ) .
This memorandum serves as a cursory environmental review of the Cheekye Fan debris

flow deflection berm. The purpose of this review is to briefly assess environmental
concerns and provide recommendations for development of appropriate compensation
and mitigation, and to recommend further studies where there are information gaps.

Based on the infdrmation reviewed and the conditions observed, the following

recommendations are made to minimize potential negative environmental impacts on the
site arising from construction of the berm:

CASCADE ENVIRONMENTAL RESOURCE GROUP [TD.
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1. The berm should be sloped at a low angle to facilitate movement of wildlife through
the area. A blanket of material should be placed on the surface of the berm, so that
the berm can be re-vegetated.

2. Paralleling Dryden creek with the berm will result in removal of riparian habitat. it is
recommended that the berm not paralle! the creek if possible, but rather approach
the creek crossing on a right angle. If this is not possible, extensive re-vegetation
efforts will be necessary, along with possible compensation measures.

3. The berm crossing of Dryden Creek should be required upon completion of the final
design. The design should consider timing of construction, minimization of habitat
-losses, and fish passage concerns. Any potential alteration or destruction of fish
habitat will require authorization for Fisheries and Oceans Canada (as well as from
the ministry of Water, Land and Air Protection), which will likely entail development
and implementation of a mitigation/compensation pian.

4. Armouring of the bank of the Squamish and Cheakamnus River will also require
approval from the fish and wildlife protection agencies. While this bank is presently
an un-vegetated gravel slope, the regulatory agencies will likely require
compensation for lost potential habitat. The works will also have to cognizant of the
fisheries window, a well as bald eagle movements in the area, particularly in the

winter months.

5. Land clearing activity should be 60ndu¢ted with due diligence between April 1 and
July 31, to comply with the Section 34 of the Wildlife Act, which forbids the
destruction of nests occupied by a bird, its eggs, or its young.

6. Site preparation and construction works should be monitored by a qualified
environmental monitor.

The following additional studies/plans are recommended:

1. A revegetation/landscape plan should be developed to address concemns and _
potential conflicts with development adjacent to riparian areas, and to re-establish
native shrub and tree species to facilitate wildlife movements.

2. A raptor survey should be conducted prior to detailed design of the betm. Nests of
raptors such as bald eagle, red-tailed hawk and northern goshawk must be
adequately protected by forested buffer while the nest is occupied. Nests of bald
eagle and great blue heron require protection whether they are active or not.

3. A drainage plan should also be developed to deal with concerns related to land
clearing, grubbing, and construction. The drainage plans should adhere to the Land

Development Guidelines for the protection of Aguatic Habitat.
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4. Construction of the berm crossing of Dryden Creek, and armouriﬁg the bank of the

Squamish and Cheakamus River confluence require review under Section 9 of the
Water Act, and approval under section 35(2) of the Fisheries Act.
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Notes:
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are generalizations of model results.

Local avulsions could change the distribution,
depth and velocity of debris flows.

Debris flow reaching Cheakamus River will
likely cause temporary blockage or diversion.
Debris deposition is purposely ended on the
east bank of Cheakamus River.
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