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, 1. INTRODUCTION 

On Neov"mbH 9-10,1989, th" Chilliwack Rivt?r at Vedd"r Crossing exp"ri"nc"d 

tIle second highest flood of record, in terms of both maximum instantaneous and 

m"an daily discharg". Substantial damag" was "xp"ri"nced du" teo high wat", 

a'ld bank er'~siotl near V"dder Crossing. Logging roads at ,"any locations in the 

wat ...rsh"d WHe dar,)ag"d by sl id"s and washouts. (The highest instantaneous 

discharge was r ...cc,rded c,n D"c. 26, 1980, atld th" high"st dai ly discharg" was 

recorded on Dec. 29, 1917. OthH recent serious floods occurred in Dec. 1975 

and Jatl. 1';)84.) 

In February, 1990, the writer was requested by the Chilliwack District of the 

MinistYy of Forests (MoF) to investigate the hydrology of the flood, and to 

':lffer advice on whether logging in th" watHshed may have had an impact on the 

severity of the flood. Th" terms of reference for the study are app"nded to 

this report (App"ndil 1). 

It became apparent from an initial review of information on past flood events 

that flood problems Otl th" Chilliwack-Vedd"r Rivers are largely a r"sult of 

" Hosion and sediro,mtation during flc,ods. Th",r",fore, any investigation of the 

fljIe (d lc.gging should focus on the- t-ffects ,:·1 l':'gging em st:'diulent production. 

Th" r"port Willeh follows is organized i.l tf,."" s"ctions: hydrOlogy of the 1989 

flc'od; tht? "xt"nt of logging in tht? watershed and its t?ffects; and sediment 

sour·:"s and transpc'rt in the river system. 

The study was conducted during th" p"riod February 19-28, 1390. It was not 

feasibl" to do any field work because the river valI."y was heavily snow 

covered at this tirru?~ Far this reason, and because of the short tirflt' SPNlt on 

the study, only a very initial overvi~w is made of erosion and sediMentation. 

Also, at tht? time of the study, only preliminary data were available for 

streamflow and precipitation. The data given in this report are unofficial 

and art:- subje1:t tCI r~visi(m. 
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2. METHODOLOGY AND SOURCES OF INFORMATION 

Pr€-liminary streamflow data for stations in the Chilliwack River basin for th" 

p"riod of the flood w;;r€- obtain;;d from th" Water Survey of Canada (WSC). 

Rainfall data, and a rt?po.t p.t?pare.d c.n the stc.rm, WHe. obtaint?d from th" 

Atmosph"ric Environfn"nt S;;.vic" (AES). SOf"" additional information on StlOW 

and tt?fIlperatures at high "1,,vatiol1s was obtain"d froN, th" Ministry of Highways 

and th;; Wat"r Manag;;",,,nt Branch. Str€-amflc.w and rainfall data for adjac;;nt 

areas in Wasflingt<Jtl state WHe obtain;;d f.om the U.S. For;;st Servic;; and from 

th", U.S. Geologi.:al Su.v;;y. Thes", data ;;nabl;;d the history of til;; storm, and 

th;; pattenls of rainfall and ,unoff, to b;; .;;cc.nstructed. Streamflc.w and 

rainfall for this sto.m w"re compar;;d to data for s;;v;;ral pr;;vious storms, to 

help interpr"t tfle b"havior of th;; riv;;r during floods. 

Informati.:.n 00" the l.~gging history of the wat",rsh"d was obtaitl€-d from M.~F 

forest cover maps provided by th€- Chilliwack dj,strict cdfice. Th",se maps we.e 

publish"d itl 1985, and had b""n updat€'d to 1988 by district staff. High 

;;I;;vation (about 1:80,000 at river l"v,,1) air pflotC'S tak .. n in August 1988, and 

satt?llit" images taken in 1988 and ..arli"r dates, wer" us"d to ch"ck this 

foOrest cov;;r information, and to map logging in th;; U.S. part of th" 

wat"rsh~d. 

Th" fllai" sourc€' of information on the s"diftlfl'nt r"giro;; of til;; .iv;;. was a study 

by D. M.:L"an (980), which "xamined sedif.ent transport in th;; Vedd ... Riv"r and 

sedim"'lt sources itl the Chilliwack watersh"d. Atl invt?l1tory of Ic'ggi"g road 

damaga made by MoF district staff following the flood h"lp"d to identify some 

of st?difl.ent sourc"s that wt?;; active during th" flood; it also helpad to 

outli'le thE> ari)a ,~f high rainfall in th" watersh .. d and n;;a.by ar;;as. Air 

photos had b .. ;;n takE>n of the lowar Chilliwack Riv;;r she.rtly aft",r th" flood; 

h~.w"v... , it was 'lot possible t., obtain th"s" during this study. 

For th;; purpos.. of cou.piling latld US" and s"diment infonnation, til" basin of 

til;; Sw",ltz"r Riv.::y (Cultus La!:;;) was ;;y,o:lud"d. Because this basin is lake­

controlled, it cc.ntributes r",lativ"ly littl" rapid streamflow and negligible 

st?dim"nt to the Chilliwack RivH. The lcn:atie.n .of climat" and streamflQw 

statio"s us;;d in this study ar" mapp"d on Figure I. 
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Streamflc~w mflasur€'rflents and flood frequency analysi 5 

T11 .. following paragraphs givl? a bri .. f r .. vi .. w of how streamflow is m..asurl?d and 

how soroe commonly used hydrologic statistics ar'" d.,riv",d. This may h.,lp in 

interpreting the data given in this r.,port. 

A continuous record of wat.,r l.,v"l, or "stage>" , is takl?n at each streamflow 

gaugitlg static,n, usit1g a wat.,r loev .. l rEc,rd.... Old",r r",cords (b.,fc,roe 1968 on 

th", Chi 11 iwack F:i ver at Vedder Crossing) consi sted of manual obs.. rvations made 

daily (or hop.,fully sevo?ral times daily during peak fl,)ws) on a staff gauge. 

A graph of stage versus discharge is derived for each station frori, discharge 

measurements ta.k~n with a current rfn?teY from a bridge or cablt?-waYi this 

,;,nables the discflarge at any time to be calculated fre'IT< the stage record. 

Since dischargt' m"asurt'",ents are rarely taken at the highest flows, the pe>ak 

discf1arg" during floc,ds may b" only an "stimate. Unforhmately, at some 

gauging stations (su,;h as the Chilliwack Riv ..C at V"ddo?r Crossing), th" stag,, ­

discharg.. relationship is unstable during floods becaLlse th" rivo?r channel is 

subject to shifting and scour. It1 such cases, estimates of peak discharg~ 

during floods may not b" very reliable. Total runoff for a day or any other 

period is calculatoed by dividing the m..an discharge by watershed area. This 

gives an averag .. d"ptfl Qv.,r the watt?rshed wf1ieh is analogoLls tc' pr ..cipitatie,n. 

For flQods, both the peak instantaneous flow and the mean daily flow (the 

ave-rage discharge- from 00 tc~ 24 hClurs) aYe recorded. ror Ilflashy" elr rapidly 

responding rivers like thE' le,wer Chilliwack, the daily flow r"ay und"r<?stimate 

th", true s;;verity of a flood if the flow for a short flood happens to b" 

divided between two days. (The same probl""" of course, "xists for rainfall 

data.) When only manual staff gaugf! readings were mad", the estimate of the 

daily flow may b" ';c'nsiderably in "rror if the observt?r missed the highest 

wat€'y Iffv£<l. Sorilt::·tiwt?s, durlng extrerllt- floods, the gauging station is 

destyoy€od or dafl'rag~d, s.:. flows are- udssing ft:.r SOrt,,? days. (This happ~ned on 

Slesse Cre.. k during the 1'389 storm. J In such ':as"s, somE>tim.;s th", p.;ak wat.,r 

level is kn()wt"i fr,jfl) th€." watt.-r lin£> on tret?s or from a spe.:ial II I: r E'st gaugE-II at 

thE> station. Fe,r refHene!?, the recc,yds of extreme flows for s",veral stations 

are given in Appendix 4. 
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For floc.d hazard aSS,;SSIfl,;t1t and for ';'lgineering design, it is valuabl" to know 

th", probability of occurr"(lC,, for floods of a particL1lar discharge. This 

information is usually expr€'ss"d as r"turn periods, e.g. th" "100 y€'ar" or 

"200 year" flood, and is calculated from flood frequency analyses such as th" 

on" for til" Chilliwack Riv", shown in Fig. 2. A "100 year fl.:.od" means that a 

flood of that discharge or greater has a probability of 1/100 (or IX) of 

occurring in any givE'tl year. ThE' flc.od freqUE<t1cy .:urv.. can b .. drawn by ;,yt? 

(as in Fig. 2) Qr calculated l,sing any of st?v;,ral rr,atht?matical m"thods. The 

calculatiQn of I.,ng r"tun1 pt?ric.d floe.ds (100 y"ars or longt?r) is vHy 

st?nsitivt? tc. tf1t? ",,,thod ust?d. The WatH Survey of Canada has publishE'd fleood 

frequency analyses for ff,any riv"rs using data up te. 1'380; sirr,ilar statistics 

have been pL,blished fe.r Au,Hican rivE'rs by the U.S. ('It?eole.gical SltrV"Y. Many 

factors aff".;t tht? rE'liability of this informatiQn, tht? meost irhportant of 

which is the length eof record. Gt?nerally, flc.eod ;,stimates feor ,;,turn pt?riods 

sheortH than th;, period of rE'cord are very reliable, while those for I.,nger 
, . 

r"turn pt?rieods art? much l"ss re1iablt? Fc.r exar.pll!<, the 200 y;:,ar flood (oftE'n 

us~d fc.r flcu:,dplait1 zc'ning and dyke design), call:ulatt-d frc~m a 6,0 year record, 

is only an approxi,,)atieon, and on", calculat"d from a 15 YE'ar r",ceord would b" 

almost meatli'lg1€!ss. For th" Chilliwack Riv"r at V",dd",r Crossing, with a 

record of 49 YE'ars (to 1980), tht? WSC I?stiff,ates of tf1e 200 yt?ar flood vary 

frorl, 775 to:. 1050 m"/s dt?pE'nding ':''1 the mathematical lOE'th".d us"d. 

Floeod frE'quE'ncy analysis can be deone on thE' pl!<ak instantan;:,ous fle.w or on the 

highE'st daily fl.:.w, or for any othE'r desirE'd flow statistic. For coastal 

rivers, "'hich have sE'parate rainstorm and snowrl,el t p;:,aks in di fferent sE'asOt1S, 

it is useful tc. analyzE' snow'I',E'lt and rai'lstorm flows separately. 

ThE' period of r;,cord uso?d for flood frE'quo?ncy analysis can bias tfH' rE'sults. 

For exaffiple, t~l& November 1989 flood on tt,e Chilliwack River at Vedder 

Creossing had the second highest flow of receord on beoth an instantano?ous and 

daily basis. Th" insta'ltaneOlls flc.w was estimatE'd as having a rt?tUft1 pE'riod 

of 15 years, bo?cause the period of record was only 1'3 yo?ars, and included tho? 

1'375-84 p",ri.,d .:,f unusually frE'quE'nt f1o.:>ds. Th" period of r",cord feor daily 

flows is 56 YE'ars, at1d includ"s til" 1952-74 pl!<riod when flc..:>ds werE' rarE'; 

using this p€'riod, a much l""lgE'r rE'turn pt?riod is calculated for tilt? 198'3 

flood. 
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Similar frequency analysis can be done fer rainfall data. Information on 

~ rainstorrl, rehlrn periods is available frolll the AES. 

3. HYDROLOGY OF THE FLOOD OF NOVEMBER, 1983 

Th.. Chilliwack RIvH, like .:.ther .:oastal rivNs in B.C. draining mountainous 

watershtods, expe-Y'i£oUl'.:ioS two runoff peaks in most y€."ars, on€- in thio 

sprlng/summ"r du" to snowm .. lt, and on" in the fall/winter due to rainstorms. 

Most predpltation falls in the fall and winter. Above abc.ut 1000 m, most of 

this falls as sn.:.w. Howe-ve-r, rain frequently falls to high elevations, and in 

manY,Y*iHS fall/wintE'Y rainstorms combined with 5t1clwme-lt .:aus(-< floods of on£­

to thr •• days duration. Floods due to summer rainfall ar .. rare. The annual 

peak discharge occurs with about equal frequency in the spring/SUMMer and in 

the fall/wintH s€;asons. Hc.l./..ver, the highest discharg .. events, those which .. 
cause darl.aglng floods, alMc.st always occur In the fall and I./int"r. These 

fJo.~ds c·ccur most frequetltly In the months of October to January. 

On Nc.vemb.r 8-10, 1"38"3, heavy rain Dccurr"d ov"r southwestern B.C. and 

northw"st"rn Washington State. A brief report on this storm was prepared by 

the AtmosphHic Envirc.nment SHvi·:e (Appendix 2). The heaviest rainfall in 

B.C. was Y't?-corde-d in thit rnc:.untains just t1clrth~ast of Vanl:ouvt:r, on wt?st.:Yn and 

northern Vanceuver Island, and at Hope. In the U.S., heavy rain occurred In 

the N.:.oksad, and Bak",r F:i vcr drainages. The w.athH map for Nov. '3 (Append! x 

3), and the sat"llit" photo and upp .. r air chart in the AES report, shc.wa 

strDllg southw"ster I y fl 01./ 0 f warn., mol st, subtr opt cal ai r, with south"rl y 

winds and warm t",.peratur ..s 02-14 'C) at B.C. and Washington coastal 

stations. This pattern is quite typical for fall raitlst,:.rms. Th", only 

unusual feature of the storm is that sev..ral zones of .xtremely heavy rainfall 

l:o:currt?d itl a few small art-as; this was Yi'I:orde.d in the CClquitlam Rivt?r, Pitt 

River, Stav. Lake, and Nooksack River dra!nag ..s, and at Hope. In th" Nc.oksack 

River, the heavy rain persisted for ft'ur days. 

The rainfall and other climate data for the Chilliwack River area are 

(,; sWMoari:.d in Tabl. 1. By far the heavl"st rainfall r8cc.rded I./as at Nooksack 

7 
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Falls, where 572 mm fell in 3 days. Rainfall at other U.S. stations In the 

, 	 Baker-Skagit drainages show slroilar totals to Hc'pe. Very h",avy rain also fell 

further nc,rthwest In the Stave Lake area; on,;, station on Stav,;, Lake recorded 

418 mffl in thr,;,e days. Rainfall at th" on" station In the Chilliwack River 

valley was not unusually heavy. Fairly heavy rain also fell In the preceding 

we-e-Iq from Nov. 2-5, 140 film was recorded at Hope, and 455 10m at Nooksack 

Falls. (It should be noted that all the data giv"n here are preliminary; 50m" 

static'ns, e-spe-clally the U.S. ones, are unofficial and the data have not been 

checked. ) 

Hope Airport typically records the h.avlest rainfall of any station in the 

Fraser Vall.;y, pr,:,bably due to til" .ff"ct of orographic .:"ha'1<:""ient as . 
rainstorr;,s from th" southw"st ar" funn"lled into the narrowing valley. It 

appears to be tfle stati,:,,, m""st representative of conditic,ns in the Chilliwa,:k 

watershed, although It probably receives r;,ore rain during ste,rm5 than thE' 

average over til" watershed; Hope ",onslstently rE'cE'ivt?s ht?avit?r rain than the 

stations in the Chilliwack valley. At Hope, the 3-day rainfall of 250.3 mm 

has a return period of 33 years (AES estimatel, although the I-day rainfall of 

105.0 mm has a return period of only 8 years. Return period data w"r" twt 

obtained for U.S. stations, although a newspaper account reported a new ane­

day rainfall record for November at Bellingham. 

Snowmelt during thfo st.:!rm ((jay have (1)t1tributed a SUbstantial c\rI'IOLlnt of runoff 

during the storm. Freezing levl?ls at QLlillayute, Washingtc,n (the nearest 

upwind upper air station) rOSE< from 1220 m ':In Nov. 7 to 3230 rIJ on Nov. 10, and 

drOPPl?d sharply after the storm. At AllisDn Pass, the temperature rose from 

O~5 to 8 	 DC from Nov. 7 tCI '3 .. 

Snow records at Allison Pass and Mt Bak,,'r ski area (Table 1) Sfl0W considerable 

loss of snow during the- storrfl. AssLwdng a snow de-nsi ty of 0 .. 2 bfofore the 

stort!) and 0.3 after, abc,ut 23 film of snoW' water €'quivalent was l{"st from Nov. B 

to 10 at Allison Pass (€<lf:v~ 1340 ((I), and 92 rMil was lost from Nov. 8 to 12 at 

Mt Baker (elev. 1280 m). The snow pille'w atld weather station at Great Bear 

above the Coquihalla Highway were n,~t operating during the star",. Various 

observatimiS suggt?st that th~ lc.wer limi t of snow .:.:.ve-y b€'foYe- thf> storm was 

about 1000 f(l. It is YBasonablo t,:1 a5sum€- that an aVf>ragt? of about 50 to 50 fOm 

,. 	 of snow water equivalent was IDst between 1000 and 2000 m elevation. About 

8 
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TABLE 1. PRELIMINARY RAINFALL DATA, NOVEMBER 1989 STORM 

STATIctI map 

CANADA. 

Abbotsford A 1 
chilliwAck 2 
Hope A 3 
Aq&fUIi. )(tn < 
Aq&.IiIID11 CDA 5 
Chilliwaok R Hatch 6 
LaidJ..w 7 
...ahleach Lake B 
Sardis 9 

~liso~ Paoa 10 

iu·s .• 
jNookllaak l"alla 11 
Flaoier RS 12 
pcarblemount RS 13 
tuPper Baker D4JD. 14 
~ow.r Baker Concrete 15 
~.rrinqton RD 16 

Nove.mbe.r. 
7 B 9 10 11 12 

0.' 39 ~O 70.B 45 .. 4 14 .4 0.0 
6.3 52.0 76.1 19 .. 7 B.7 2.1 

13.6 51.9 105.0 93.' 7.0 1.7 
:2 2 ., 66.4 fl.' 27.0 B.O ••2 
14.0 53.6 79 .2 21.6 B.5 3.2 
3.0 B5. B 68.1 21.0 9.0 3.6 

14. .. 6 53.6 96 .. 0 30 .. 4 11.0 3.6 
10.5 64 .3 113 .4 77.6 12.6 nla 
3.< 5B .6 60.2 13.3 9.6 2.0 

3 (0 39 9 n/a n/a 

13 262 180 130 114 10 
(56 .... /2 day 0 I H n n/a n/a 

13 122 10< 51 23 3 
18 119 77 19 20 <, . 

8 119 n 2( 17 1 
7 79 <2 15 17 15 

J-day return 
total period 

155 .. 2 22 Y 
147.8 5 Y 
250.3 33 Y 
137.0 

154.4 
174 .9 
UlO.O 

255.3 
132.1 

BB 

572 
(approx 2051) 

277 
215 
20< 
136 

Note" 

A 

A 

:Be Hydro 

1I0H 

USI'S 

USI'S 

USI'S 

USI'S 

UBI'S 

uns 

!N0to" I Canadian data are trcm A!!:S, tor period beginning at approxM OBOO on 
date ohcwn, unless otherwioe indioated. 

All data are preliminary and are subjeot to revi.1on. 
A ­ Period beginning 2200 on previous day .. 
Be Hydro - Data. .trcm B.C .. Hydro 
HoH - Data froa Ministry ot Highways 
usps - Data DUpplied by u.s. ~ore~t Serviae, troa variouD ~ouraeD. 

Reportinq parioda beqin at approx. 0700 to 0900 on date Dhown. 

ALL 1SOO' PASS KoH I (elev. 13<0 "I SUMMARY O~ CLIKATI!: CIISr;:RVATICNS 
Nov. 3 < 5 6 7 B 9 10 11 

Preaip (lUll) 22 5 7 17 3 (0 J9 9 
Snow:!all (all) < 2 11 13 3 0 0 0 
Snow on ground (0.,,) 2 < 5 13 22 22 15 7 7 

(at 0700) 
PreDent Temp .. (0C) 0.5 0 0.5 0 -3 0 <.5 2 0 
Kax. T...... (oCI < 2 2 1 0.5 5.5 B < 
Kin. ,....p. COCI 0 0 0 0 -3 -3 0 < -0.5 

FREEZING LEVEL AT (JJ ILLAYUm, WA ("I 

OY.' 
hr•• 0< 

6 
16 0< 

7 
16 0< 

e 
16 0< 

9 
16 0< 

10 
16 0< 

11 
16 0< 

12 
16 

'"~ 1650 1140 1220 1460 2100--------- ­ 2960 2960 K 3230 2500 2230 1650 1070 950 
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70% cd th .. Chilliwad: watHsh.. d Ii;;s in this Fang.. ; thus, snowm;;lt might hay;; 

contdbut .. d an ;;quival;;t1t of about 40 mm of Funoff. If aV;;Fag;; rainfall OV"F 

th" wat"rsh"d during th" stor •• was about 200 rfim, snowm;;l t might th;;F€,for;; hav;; 

add.. d about 20% to th;; storm rLmoff. 

StrE'aroflow rE'cords for th" Chilliwack basin, the Coqulhalla RivH, and s€'v<'ral 

U.S. drainages for the storm are summarized in Table 2. These data are 

pr;;li.roinary; for s,~m€' stations, ;;sp;;cially the Chilliwack RivH at V;;ddH 

Crossing, the rating curve shlft;;d during the storm, and discharges are likely 

to be- revise-d when a nt-IN rating curve is established. 

Th" Nov<,,,,bH, 1989, flc,c,d at V..dder Crossi"g was itlitially .;stimated to) have a 

return pf'yiod of about 15 years, based on peak instantanec,U5 discharge 

(cc,rflrfJunicati.:.n t(1 M!-,F from H. Coulson, Water ManagefflE'nt Branch). Ht.)wt-ver, the 
, ' 

record for instantan"ous discharges is relatively shod (since 1969) and 

i"dudo?s a period c,f L111Usually fr"'quNlt floO,:.ds (1975, 1"78, 1'379, and 1,,80; 

1984 15 missing fro", th" record). Although th" 1989 instantaneous discharge 

was the second highest on record, in the context of this record it does not 

have a very high return period. The record for mean dally flows is much 

IOtlger (1'312-1'330, atld 1"52-present). Based c.n the published WSC flood 

fr"que'1<:Y atlalys,;s fc,r daily flows (to 1980), the 1989 flc,od at VeddH 

Crossing has a r €'turt) p€'riod of about 65 years. Figure:2 shows a plot cd 

daily flood frequ,;ncy data to 1988; bas"d on a curv" drawn by ey", the return 

period oOf the. 1,,8', flood Is about 50 years. 

For th€' Chilliwack River abc.v" Siesse Cr""k, both thE' il1stal1tan,;ous and daily 

discharges ar" th" highest on record; the return period for the dally 

discharge is about 100 years, based 0" th" published WSC a"alysis. Siess" 

Creek also experienc€<d the high€<st instantaneous discharg€< on r~cord (return 

period of probably about 1(i0 years!. Thl? gaugil1g station Was darr,aged In the 

flood, and dai I y di 5charg", is not avai I abl e. The retLlrtl per i ods of til" 

Chilliwack Riv"r at the outlet of Chilliwack Lake, and of the Coquihalla 

River 1 ari:' tH:.t unusually high; most cd thes€' basins app€'ar to have b€'l?tl , 
outsid" the belt of heaviest rail1fall. 
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TR8LE 2. STRERHFLO~ ORTR, NOVEM9ER 1989 STORM 

STRTlON Basin area 
(sq. km) 

CANADA: 
Chilliwack R at Vedder Crossing 1230 

08MHOO! 
Chilliwack R above SIesse Cr 645 

08MH103 
Chilliwack R .t Outl~t of Ch. L. 329 

08MH016 
Siesse Cr 162 

08MH056 
Coquihalla R above Alexander Cr 741 

D8HF068 (1) 

U.S. : (5) 
North Fork Nooksack R 272 

12-2050-00 
Nooks~ck R at Oeming 1513 

12-2105-00 
W.l1s Cr 56 

Glacier Cr 35 

Swift Cr 94 
12-1907-10 

Par"'k Cr 27 
12-1907-18 

Sauk R above ~itechuck R 394 
12-1860-00 

Sauk R near Sauk 1849 
12-1895--00 

day/lime 

9/1045 

10/0345 

11/0310 

9/0900 

10/0315 

10/0430 

9/UOO 

9/0300 

9/2300 

9/0430 

10/1230 

10/1900 

INSTRNTRNEOUS PERK (2) (3) I-DRY 
d.ai::J discharge runoff 

(ems) (mm) 
discharge intensity return 

(c(hs) (nun/day) period 

816 57 

464 62 

101 27 

227 121 

497 58 

317 101 

1034 59 

57 89 

2SO 620 

138 127 

55.2 177 

240 53 

1019 48 

15 Y 

30 y1 

15 \J 

100 \J 

7 \J 

80 Y 

11 Y 

. 

< 5 \J 

< 5 Y 

10 

10 

11 

684 

343 

97.9 

10 

9 

212 

838 

9 

9 

10 

10 

98 

38.2 

208 

855 

48 

46 

26 

67 

48 

90 

122 

46 

40 

(4 ) 
return 
period 

50-65 II 

100 Y 

20 Y 

>100 \J 

13 Y 

< 5 Y 

< 5 Y 

5-0AY 
discharge runoff 

(ems) (mm) 

337 

207 

72.6 

118 

139 

95 

117 

552 

186 

159 

50.1 

17.1 

137 

560 

230 

274 

ISO 

131 

o 


o 

NOTES: 
1. Oata are combined with station 08HF003. Oata pro~ided by H. Hiles. 
2. 	Flow I'intensity" for instantaneous flow is the runoff that would occur 

if that discharge were sustained for one day. 
3~ 	 Instantan&ous return periods estimated by ~aler Managemenl Branch, e~cept 08HHl03, 

which is estimat.d by lhe writer. 
4. I-day return periods estimated from USC flood frequency analysis, or from Fig_ 2. 
5. 	Return periods for u.s. stations estimated from USGS flood frequency analysis. 

Glacier Creek $ay have been affect.d by an outburst flood+ 
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TA8LE 3. STREAMFLOW DATA FOR FLOODS ON THE CHILLIWACK RIVER 


CHILLIWACK RIVER AT VEODER CROSSING 

INSTANTANEOUS I-DAY 

discha~~ inst/daily discharge runoff 
(ems) ratio (ems) (mm) 

787 


762 


781 


856 


-


767 


816 


1.48 

3.06 

1.75 

1.61 

-

2.20 

1. 19 


765 


530 


249 


447 


533 


-
349 


684 


54 


37 


17 


31 


37 


-
25 


48 


NOTES: 
All 	flolJ data .are in cubic metres per second (ems>. 

5-0AY 
discharge runoff 

(ems) (mm) 

es~ 447 157 


370 130 


138 48 


337 118 


325 114 


est 	321 113 


211 74 


337 118 


CHILLIWACK R A80VE SLESSE CR 
INSTANT. I-DAY 5-0AY 
discharge- discharge discharge runoff 

(ems) (ems) (ems) (mm) 

283 
 227 
 176 118 


109
247 
 67 45 


172 
 144 96
210 


387 
 262 
 181 121 


278 
 141 94
:404 

113
202 
 81 54 


464 
 343 
 207 139 


Floods sinCE" 1'352 with peak instantaneous Or"' daily flow at Vedder Crossing of at least 
500 ems are listed, plus the 1917 flood. 

Record for instan~aneous flows began in 1969 for 08MHOOI (Vedder Crossing), and in 
1%3 for 081~HI03 (abo".. 51 ..55" C.-). 

Oah for Jan•.4, 1984, is missing for OBHHDOI. Oaily flow is estimated a~ 523 ems, 
based on r~3r ..ssion wi~h 08HHI03 flows. 

RAINFALL AT HOPE 

I-DAY 3-0AY 
(mOl) (mm) o 

142.0 309.1 

56.2 76.2 

71. 7 145.7 

82.3 184.6 

136.5 205.6 

106.9 130.3 

105.0 250.3 

o 

Dab 

Oee. 

O..e. 

Noy. 

O"e. 

~ Oec. 

Jan. 

Noy. 

Noy. 

1917 


1975 


1978 


1979 


1980 


1984 


1986 


1989 


'" 
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In th", U.S., th" North Fori; of th" Nooksacl; Riv .. r exp..ri ..nc",d til .. high.:;st 

instantaneous and daily discflarg.:;s on r .. ,:,,,d, with return pHiods of 80 y .. ars, 

and at least 100 y",ars, r .. sp",ctiv",ly. S",vHal small basins c'n Mt Baker 

draini'lg into tfl@ NQol(sack and Baker Rivers also showed extremely high 

discharges on a unit area basis. Th .. return periods for th", larger Nooksack 

River, and for the Sauk River (the next drainage to the south with unregulated 

flowl are not unusually high. 

In Table 2, daily discharge data are also given in terms of unit area runoff, 

for comparison with rainfall data. Tho: 5-day run,:;ff givo:s a very rough 

indicator of total storm runoff (a better estimate would require analysis of 

tht' cc.ntinuous discharge hydrc.graphs, which are not rt'adily available). Thi: 

hlght'st runoff occurri:d In the North Fork Nooksack basin and In the small 

basins on Mt Baker, al though based on th .. peak instantaneous di scharge, th" 

,,,,,..-day run;;.ff of Slesse Cre"k was probably ",xtremely high as well. Thes", 

runoff data are fairly consistent with the ob.erved pattern of rainfall. The 

fact that the 5-day runoff totals fe.r th .. Chilliwack and Nooksack watersheds 

are- cot1siderably lower than the 3-day rainfall Clbseyvt?d at Helpe and Nook5d(k 

Falls suggt'sts that tht' Z0t1£'5 of extrf'rllt'ly hi!'avy rainfall WH" cc.nfin€'d to 

rt'latlvf'ly small parts of th~ wat€'rsh ..ds. 

A problem in interpreting the discharge records of the Chilliwack River at 

V€'dd&r Cr.)ssing is that the riv&r bed, and h€'nee the rating curve, at this 

lo,:aticlt1 is very Llt1stablto. Dischargeo5 for this and i-arlieor floods, thEorefore, 

may bto subject to considerable unctortainty~ Th~ rating curvt? for the station 

above 51 ..55.. Cr .. ek, howev... , is quite stable. Th€' retunl perie.d c,f th.. daily 

discharg.. at Vedd"r Crossing, and th" discharg.. figur .. s th"fflselv"s, are 

inconsist"nt with th" bigl1 r .. turn p"riods and discharges fe.r til" Chilliwack 

abov,;; 51 ..sse Creek and for Slesse Cre"k. On Nov.9, the estimated daily 

discharge of 257 ","Is at Vedder Cre.ssing is actually less that the 291 m"'/s 

Yt*c()rdt?d abQv£> Sless~ Cret?k; Slesse and Tamihi Creeks probably contributed at 

l .. ast 150 ,.3/5 mor ... On Nov. 10, the ...stimated discharges are consist ..nL It 

is possiblt:·, th«rf'foY(', that the discharge for NI;)v. '9 at Vedde-r Crossing has 

b.....n subst,mtially undero?stimat ..d. 

(,; 
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Cc)piE"S of thE" stag,;, r"cordE"r charts for th,;, 1'38'3 and 1'380 flo.)ds on thE" 

Chilliwack Riv€'r, and f,))" 1'389 on tht:< No.,:.ksack River, are- shown in Figure 3. 

Discharge and rainfall data for sevE"ral floods on the Chilliwack Riv,;,r Br,;, 

given in Tabl,;, 3, The main features of the 1'389 flood appear to be the two 

sifparat" peaks c,f abc.ut "qual magnitudE", and the r"latively long duratic,n of 

the flood. Thi! 1'380 flood, which had a higher peak instantaneous discharge 

but a lowH daily dis.:tlarg" than th" 198'3 flood, is by comparison relativ"ly 

. SfF)yt and frlor€' domi nated by I:rt) €- peak ~ Some Qth~r f1 oc,ds on the r i v~r, for 

">rampl,, those of 1978 and 1'386, "ere very shc'yt with a single p"ak. The 198'3 

flood appe-ars to be rr.ost r:,:,mparablE- tr:1 the 1975 flood, which aIs,:, had a high 

5-day tc,tal runoff and a Vi!ry higfl 3-day rai'liall at Hope. It is possible 

that 11;'ng-duratir:1n flc/ods such as theSi" are ffj'Jri- darr,aging than s~10rt floods 

be-caLise they calis€:, fflOYB erosion and transport more s€-dil'l'l €mt. 

Figure 4 shows a time series of the maximum daily fall/winter floods on the 

Chilliwack RivH at V~ddH Crossing. It is remarkable that th~ fr~queney of 

floods higher than 500 m~/s in the last 15 y~ars is greater than for any 

pHiod sin.:e 1914-1921, Wh':'l thre" floods c.ccurr"d in a'l 8-year p.:ric,d. (500 

m"/s is the apprc,xirr,ate low"r limit for fle,,~ds !ist~d by McL~atl [1 '380 J as 

damaging.) Tflis patt"rn is also appar"nt in tf1e rainfall record. At Hop,;" 

of th~ highest 7 c)ne-day rainfall t:vents in the last 51 years havt- ,:u:curred 

sine;, 1974. (This statistic is 5C1ft'li?-what misleading; thE< Help€- station was 

moved in 1973, Sl) its r~l:ord is not hc,mc,gt'::'t"H·CJUS.) Tht? long€:or record at 

Agassiz "as ~xa",it1ed by Church and Mil':5 (1987). They fC.Utld an abov<"-av;,rage 

frequency of high annual Maximum one-day precipitation during three periods, 

1917-24, 1'348-56, and 1971-84. It app<"ars, they;,for;" that the high fr;,quency 

of floe·ds in th" Chilli"".:k watershed in the last 15 years is due to a perlc-d 

of more frequent than ave-rag£- h€-avy rain5torrriS~ 

The rainstorm of November 8-10 contained a zone of unusually heavy rainfall, 

which Moved into the Nooksa~k River drainage from the southwest. Very heavy 

rain oCI:urred 01'1 tht? Nt::.c!ksack-Chilliwack divide, the first major 'ilountain 

, barri-:r ~ncoutitc'rt'd by the- stCtrm ce-ntre, and also Ot1 the- north and e-ast sides 

14 
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FIGURE 31\. HYDROGRAPK CIiARTS FOR NOVeMBER 19139 FLooD 
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FIGURE 4 


CHILLIWACK R AT VEDDER CROSSING 08MH001 
Time Series of Fall/Wlnter Floods 
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of Mt BakH. Th" zon" of h"avy rain mov"d north.,ast ov"r th" south"rn and 

c"ntral part of th" Chilliwack Riv"r drainag", Wahl"ach Lak", Hop." and into 

th" low"r Coquihalla RivH drainag". Th" rainstorro had two p"aks about 24 

hours apart, causing two separate runoff peaks on November 9 and 10. Total 

storm rainfall on Nov. 8-10 in th" Nooksack and south"rn Chilliwack drainag"s 

was probably abc,ut 200 to 500 mm or more. The highest flow in 52 years of 

record occurred on the North Fork Nooksack River, with a return period for 

daily flow in e:,;cess of 100 years. The Chilliwack River above Slesse Creek, 

and Slesse Creek, experienced pe-ak itlstantaneOLl5 and one-day flows of about 

100 years re-turtl period. The return period of the one-day discharge on the 

Cflilliwack River at Vedder Crossing was about 50-65 years, but this flow may 

have been underestimated. Total storm runoff was unusually high because of 

th" doubl" p"ak and relatively long duration of the storm. The freE-zing level 
STolVI 

rose sharply during the ~ r(telting much of the snow whidl had accur'Julated 

above 1000 m in the previous week; this snowmelt probably increased runoff in 

th" Chilliwack watersh"d by about 20%. 

4. LOGGING IN THE CHILLIWACK RIVER WATERSHED 

An inventory was r~ade of logged areas, other clearings, and roads in the 

Chilliwack watershed, using the forest cover maps and air photos which are 

current to August, 1988. This inVetltory is intended to provide itldexes which 

can be relat£·d to thE' hydrologic responSE- cd the watershed and its sub-basins 

during rainstorms; it r,.ay not be rfolfovant to silvicultural applications. The 

following assuri'Jptiot1s and mfothods were used: 

- All map units (lipolygc'ns") Otl the forest cover ri'taps which are marked as 

having be€-n logged were counted and included in otle cat£'gory, regardless of 

date logged, (It would be feasible to compile an inventory of individual 

polygons and their logging dates only if the computerized data base were 

used,) The areas of logged polygons, in aggregate, were measured by hand with 

a polar planirJr(·t£·r, or with a dot planiri'leter for sr.-Iall irregular polygons. 

Areas are probably accurate to about ±5Z. 

- Areas burned by wildfires were not inventoried. Most of these areas were 

burned in 1938 clr 1'358, and have grown back in new forest or brush. 

1'3 



o " , - Logged areas were divided into two categories, "reforested" and "not 

r"forE-shd" as follows, If a polygon was plant"d bE-for" 1980, or if it had 

n,~t been plantE-d but had tro?e cov"r e,f any spe:des with !?ith!?r ago? class or 

size class of 2 or greater, it was considered r"for!?st;;dj that is, it is 

assuu."d teo be equi val;;nt to unleogged for!?st in t!?rUiS of hydrolc'gic b;;havior 

and s"diu.!?nt yi!?ld. If it did nc,t ffI!?et these criteria, or was mapped as NSR, 

it was includ.d in the "not r~forested~ category. This distinction is 

arbitrary, but it corr"sponds fairly w.;;ll ",i01 ar"as that app"ar, or do not 

app"ar, tc, be r,;,asonably rE'v"getat"d ,''' th" air phootoos atld sat"IUt .. images. 

- Map sheet 92H.004 (Chilli",ack Lake area) did noot have any logging history 

syu,bol s for rl'lost pol ygons. Ai r phot,:.s were used to c 1 assi fy th€- logged areas 

as reforested !jr not. 

- Th;; area e,f c,ther el;>arings was determined from the forest cc,ver filaps in th;> 

sam" way. These cl"arings include rEcsid"ntial, agricultural, industrial, 

pr i Si)n, and rIli 1i tar y uses. 

- Th .. total for"sted area of the watershed is considered to be all area below 

treelin~, including Lit1disturbed fc,rest, lCrgged areas, burni-d areas, nClt'\ ­

productive bn.sh, avalanche slopes, etc. It ",as determined by measuring areas 

above treeline on 1,50,000 topographic maps. Thes" ar"as w!?r" check"d against 

the ai r photos, and adjustf!d if necessary. Tnft for!?st"d area is th"n 

calculat"d as th" total wat;;rsh"d ar.,a, minus th€' alpine area and th" area 

cov€'r.,d by lakes and riv.,r channels. This arii;a is sOrflftwhat gr€'ater than th., 

area of productive forest that would be determined from the forest COVer maps. 

Th€' total I€'ngth of logging atld oth"r roads was "stimated using th!? for!?st 

cc,v!?r maps. Th;; area ':'Jver "d by rc,ads was !?st i f{,at"d, v€'ry appro:r.i matel y, by 

assLtrning that tf1" av€'rage disturbed width c,f all logging roads is 10 lit, 

induding ditch",;, ,:uts, fills, pullc,uts, landings, t'tc. The width of th!? 

main Chilliwack ~:ivE'r rQad was estimated to be 1S m. Road area is dc,uble­

,:C!unt"d in that it was not subtra,:ted from th .. lo:ogg"d ar"as. 

The data frOril this land LIse inVl?t,tc,ry is SLtrM{larized in Table 4 and CIt' FigLIY€, 

5. In the Gt,tirl? Chilliwack watershed, about 15% of the forested area has 

b!?!?n logged, and about lOr. is dass"d as not r"for"st"d. Other c1"arings 

arnOut1t to about a"c,thE'r If. cd fort'st land. The prop,:,rtion of forest land 
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TABLE 4. LAND USE IN THE CHILLIWACK WATERSHED 

All ar8~ are in beatares. Basins are mapped in ~iq. 6. 

IB..·in 
Loqqed­

Retorel:lted 
( 11 

"" 

Loggod­
!lot 

Re'to:t:: .. 

'total Other 
Logqod CIa.ringe 

(2) 

Roadu Lakes & 

Rivetr" 
~ 

P'oreot
'.r•• 
II I 

TOtal 
Are. 

.. P'or••t 

Logqod 
® 

Lowor Chillivaok 
(below Sl.""e) 

Midd1. Chilliwaok 

(ab"". SlODDO i 
Liu1noh«n 

(6) 

~..uh1 

1041 

269 

'12 

855 

1061 

202 

761 

en 

2105 

561 

1239 

1716 

1058 

141 

• 

111 

101 

J> 

U 

167 

123 

3 

26 

11200 

10600 

~2'0 

'000 

11060 

12180 

!Ill9G 

12'10 

1.. 

5' 

23. i 

19' I 

SlOBse 422 933 1355 17" ' 57 12300 162'0 11.. 

N • .,llkwatoh 75 2U 371 24 3340 5"0 11" 

Centra 405 270 615 34 2460 3960 21" 

Chipmunk 26 21H 2200 13 4200 4550 52" 

Foley '8 H2 1040 43 31 5300 7770 20\ 

ChilliwAok 
L~o 

~.r chilliwaok 
(ab"". lak., 

U1 597 1084 6 51 1160 

40 

8000 

13100 

1'360 

18710 

14 .. 

0.. 

'rot..u (1) - US) 1193 1234' 123' U2 1550 850'0 113920 15' 

}loteot 

1. 	Loqqed ar... are oonaidered r.ror.sted it planted betore 1980, or it natural regxowth ia 
ot age or hei9ht olaen 2 or ore.t&r. (s•• "action • of report.) 

2. Inoludeo reeidential, agricultural, induatrial, mllitary, eta. 
3~ ~8 area ia alao inoluded in logged and/or toreDted .xea. 
'. Inaludeo all naturally vegetated areaD below treeline. 
5. 	Total logged area divided by forested area. 
6. 	Logged-Not R.~or.ot.d area inoludes '70 ba in u.a. 
7. 	Total waterahed area d04D not inolude SVeltzer R - Cultuo Lake bagin. 

, 
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FIGURE 5 

CHILLIWACK WATERSHED 
Land Use 
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logged in the tributary basins ranges from zero in the upper Chilliwack (which 

is protected in a National Park) to 52% in Chipmunk Creek. With respect to 

possible impacts on the hydrology of the watershed, the relevant numbers are 

the area of roads, not-reforested logged areas, and other clearings; together, 

th~se amount to about 11.5% of the forest land, and about 8.5% of the total 

watE-yshed area. 

studies in other parts of North America have indicated that logging can result 

in an increase in runoff from rainfall, for several reasons including 

reduction of transpiration, reduction of interception, increase in overland 

flow over disturbed and compacted ground, and concentration of runoff by roads 

and ditches. The first two of these effects are not applicable to the humid,. 
winter rainfall dominated, climate of the B.C. coast. Potential 

evapotratlspiratiotl in Novf·r(tbfoY is only about 1 mm pfoY day_ Forest cover might 

have atl interception capacity of perhaps 10 rom in anyone rainstorm, but the 

loss of this would have a negligible effect i~ storms with total rainfall 

amOWl t 5 0 f 200 film or mor e . Interception of snow by the forest canopy may 

actually enhance runoff, since snow retained in the branches is subject to 

rapid melting because of its relatively high exposure to warm winds during a 

rainstorm, as compared to snow on the ground. Overland flow is generally not 

an important runoff generation mechanism on forest soils on the B.C. coast, 

except in saturated areas near water bodies and in depressions; most rapid 

runoff during storms comes from subsurface flow through large pores and 

openings in the soil. There is little evidence that logging significantly 

increases the amount of overland flow or the rate of runoff concentration from 

forest soils, e~/:cept on roads and skid trails. 

Roads and ditches, however, do have a significant effect in concentrating 

runoff. F~c,ads produc(' ov(·rland flow in an environment where it is tlaturally a 

rare phenomenon, and ditches and road cuts intercept subsurface drainage 

paths. In the Chilliwack watershed as a whole, slightly less than 1% of the 

total forested area is covered by roads. The effect of roads would be to 

slightly advance and perhaps increase the discharge peak; total runoff would 

not be affected. In a watershed of this size, the overall effect is probably 

negligible. In the mountaincus tributaries on the south and east sides of the 

watershed, there are extensive areas of bare rock, and some areas of ice, 

which produce overland flow during rainstorms. The additional effect of roads 
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in th;;s;; watHsh",ds would b" n;;gligibl;;. HOW€-VH, in Chipmunk Cr €-;;k , which is 

of relativ;;ly low r;;li;;f and was alm.:.st cOrl.pletely forest cover.:d, the 1')99in9 

road n"twork may hav" a locally impc'rtant iu.pact on runoff by incr"asing th" 

81'1'11:!unt cd oVi:-rland flow. 

Th.. main "'ff,;ct of lC'99in9 in th" Chilliwack and othH coastal B.C. watersheds 

is to itKri-8Se sediflle~lt production. This increase comes frorll 5 1:ril t.-rosic.ltl, 

frc'rfI debris slides that can occur in steep clt.-arcuts and on rClad cuts and 

fills, fram d"bris torrents caused by ditches diverting runoff to gullies, 

fYClffI erl:.siclt1 along ditcht-s, and fForli road I..'ashouts alDng streams or at stream 

crossings. In this study, nD inventory was made Df logging-related sediment 

sources, but numerous such SClurce-s WE're noted on the 8i r photos ... 

In the 1'389 flood, most of th\? ,,~trelfle rutl.~ff appears tc. hav;; com" from th" 

southNn tributari"s. In four of thes\? basins (Centre, Nesakwatch, Siess", 

and Tafflihi), ther\? arl? nw"erc.us natural debris.torrent gullies visible C.,l the 

air photc's, and 51,;sse Cr .. ek in particular appears, from its wide unstabl<? 

chann~l, to carry a very high coarse s,;diment load derived from natural 

sources. The- impQrtanct? of IClgging-related s€'dime-nt SClurCi?s r£olativf: to 

natural sources is ~ntirely unknown. On Liumchen and Chipmunk CreekS, t~le 

impc.rtancfo of lo9ging In itlCreasing the sedimt>nt le.ad may bE' grt>at. On Foley 

Cr<:ek, mud1 of tfle sediment r .. l .. ased by loggitlg-related failures would b .. 

trapp,;d by F.,l<?y Lake. 

Th,; road wash.,uts a,ld r.)ad-r .. lated failurE'S tflat occurred during th .. 1989 

ralnstoru. wo:re inventoried by the MoOF district e'lgineering staff. From th,;ir 

records, thes,; fo:aturt>s WHt> marked on the maps and air photos (s,;e Figur<? 6). 

Th(> af{rOunt Qf se-dimet1t involvt-d in thes£> washouts and failures is very roughly 

estirr,at",d at poOssibly 50,000 tc· 100,000 m", rr.ostly from debris torr,;nts or 

rc,ad was~'II:luts~ This pr(,bably reprE'st?nts an uppe-r lirflit (1~1 thE' amount of 

sediment that CQuld have been delivered to the river system. Of this, perhaps 

1/2 to 3/4 would be bedload-si.~d material which could affect thE' rivt>r 

i;hannel ~ This can bt- ,:c1fr'lpart-d to the- estimat('d volume- of (c,arS€' sediment 

deposi tt-d in the Vt-dde-r Ri vt-r duri ng th€- 1'375 f1 ':'Qd ,:d 200,000 [03, atld the 

500,O(JO 1(\" which was Hc.d .. d fr."", the f!c"~dplain ab.~v" V,;ddH CrOssing (Mel" ..n, 

1980; See n,;;;t section). If thes .. rough estimates bear any rr:;lation to 

http:nw"erc.us
http:alm.:.st
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, r",al i ty, logging-r",lat.,d sediment soure",s could have resul t€'d in a signi ficant 

incr€'as€' in th" sedim"nt supply of the river. 

5. SEDIMENT IN THE CHILLIWACK RIVER 

The Chilliwack River card"s a substantial sediu.;;nt load through the narrow 

gap at V;;dd"r Crossing and into the Fraser Valley. B;;for;; the river was 

r;;strid;;d to its preSetlt course in th;; Vedder Riv;;r f.~llowing the 1894 flood, 

it had built a larg" fan occupying ",ost c.f th" valley betw;;;;n Yarre.w and 

Chilliwack, and frt-quf-ntly shifted its .:hann!?ls Oti this fan. Sinc€." then, 

d"position .,f sedill'll?nt in the V"ddH River chatmel, and Hosion along its
• 

batlks l havi- bt:iH1 rj'!a.joY problems during floods. Tht- compl~x sediment regimt.- of 

the rivH, and the flood cc.ntr,.1 m"asur"s that have b".. n appli ..d, ar" 

describ.:d in a study by M.:L.:an (1980). 

Th" s .. dim .. nt load cc.nsists of sL.spended load and bedload. Most suspended 

load, once entrained by the riv"r, is wash .. d through the riv.. r syst"m to its 

mouth. Bedload, cotlsisting of 'I,edium-to-coars" sand a.1d largH 'f,aterial, 

moves intermittetltly along the bed of the rivt-r, and typically moves only 

short distan,,,s during eadl flc.od event. M.:Lean gives data suggesting that 

the av"rage annual yl;,lds of bedload and susp ..nded load ar" roughly equal, in 

th" oydey of 80,000 m" pey year. HOW;,VH, al most all the b"dload mOV"u.etlt 

takes place in a f .. w short-duratie'n floods. The amount of bedload deposited 

in th" Vedder Riv .. r channel during the 1975 flood was estimated to b .. about 

200,000 m3 , and the volufilf< mobilizt-d frorfl bank erosic.n in the- flc1c,dplain abcIYe. 

Vedder Crossing was about 500 1 000 m~. 

According tel Melean t the- main 5€*diri'u?nt sources for the- river are- bank erosi,:.n 

of floodplain d"posits in the y,::ach of the river b"twe"n Liumchell Cre.. k and 

Vt?dder Crossing, I.:mdslid<?s and bank erosion in th,· thick terrae"s of 

glacially d"posit;,d grav"l, sand, and silt, mainly betw"en Chiprllunl( and Siess" 

Creeks, and tributary cre.ks carrying sediment from upland areas, most notably 

SIess.. CrEl ..I:. Ifl .. wid .. floc,dplain r"ach b"ic'w Liumchen CreElk, and e,ther wide 

f.?achv5 bvlc.w Slesse Cre-€'k, dl:. J"10t product? "newl! sediment, but are stclrage 

sit"s for sediment d<?liv .. red frorl! upstr.alli. McLean found, fro," air photo 

int.,rpretation, that th. lower flo.:.dplain reach 'larrowed and becafllll' 
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revegetated and less braided between 1940 and 1971, a period of few floods. 

Betwt?fotl 1'371 and 1'376, it widetH.·d, losing about 1'3 hectares to erosion, aIr"lost 

all of it in the 1975 flood. This erosion was the main source of sediment 

which was deposited in the Vedder River channel during the flood. 

The sediment regime of- the Chilliwack River can be summarized, in very simple 

terms, as follows: CoarSt:- sediment from tributary streams and from erosion of 

the terraces bordering the river is carried through the steep, narrow reaches 

of the river during frequent, small floods, and stored in gravel bars in the 

wide floodplains below Siesse and Liumchen Creeks. During extreme floods, the 

river widens by bank erosion in these reaches, mobilizing the stored sediment 

w~,ich is carried through the gap at Vedder Crossing and into the Vedder River. 

The 1975 flood was the first in a series of four major floods and several 

smaller ones, culmitlating in the 1989 flood. During the 1989 flood, large 

areas of floodplain were eroded and major ch~nnel shifts occurred. Several 

observers noticed that large trees with roots still attached, apparently 

derived from bank erOSiot1 a short distan.:e upstream, were being carried and , were snagging on gravel bars. This suggests that bank erosion in the 

floodplain reaches was again the major source of sediment. (Air photos were 

taken after the flood; however, these were not available during the study. 

Interpretation of these photos would identify sediment sources along the lower 

read1es of the river.) It is possible that sediment ulobilized during the 

p,,·vioLis floods of 1975, 1'380, and 1984 in tributary and upstream areas and 

stored in the floodplains of the Chilliwack River and tributary creeks, might 

have contributed in a cumulative manner to the sediment supply during the 1989 

flood. 

It is difficult to relate this complex pattern of sediment movement to 

possible it1Creases it' the upstream sedimetlt yield due to logging. Any such 

increases would not affect the behavior of the river at Vedder Crossing 

directly. Rather, they would contribute to deposition in the floodplain 

storage reaches upstream from Vedder Crossing, and the sediment would be made 

available for erosion during floods perhaps decades later. Presumably, a 

greater amount of aggradation in a floodplain reach between major floods would 

lead to higher sediment transport volumes and a greater tendency for lateral 

'" erosion it1 the next large flood. 
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Studi~5 cof b"dl.:-ad transport, and .~f th,; rOL1ting eof s,;dim,;nt threough (o~,pl .. x 

rivi'r syst,;",s SL1ch as til" Chilliwacl(-V"ddH, are notoriously difficult. It 

would be impossible te, r"solve the question of tht? role of st?dimetlt 

contribL1tions from logging itl any single stL1dy. Ho,",evH, an inv€-ntory of 

channel cl1ang.;s al ""'9 tht? lo,",€-r Chi II i ..,ack Ri v€-r dur i ng the 1'98'9 and som€­

€-arli;;r floods ..,0L11d i&ad to b&tt"r LlndHstanding of s€-dim"nt transport in the 

rivt?r Systtoffl; Sr:lfth? ri~E<aSurt?ments toward this t?nd are be-it1g made flOI,.,l by the 

Water Management Branch. Und"rstanding of th,; role c,( logging and road 

.:otlstructieon is prc.bably bt-st achit-ved through studi€'s 1:lf sedimi'tlt SOU(I:es and 

I:clntributions frr;)flI tributary streams. 

6. CONCLUSIONS AND RECOMMENDATIONS 

Th" November, 1989, flood of the Chilliwack River was til;, second highest on 

r,;c,:.rd at Vedder Crossing, and had a return p~riod of 50 to 100 years on tilE' 

basis c,f d"ily flo..,s. The flc.od had twc' p,;aks and was r,;lativ"ly Io:.ng in 

duration cc.rr,par .. d to eoth"y r"c,;nt floods. This roay hav" r,;sult"d in unusually 

large amClunts cd bank eyosi-:.n and sedirftt?-nt transpc1rt. Thi> flood was caused by 

h,;avy r ainfall OV"Y a thr,;e-day p .. r i .:,d, and was "nha"c I'd by stKowr",;1 t. The 

rainfall ..,a5 ,lppareontly hf'avif'st along th,; divid" with th .. Nooksack Rivt'r, 

Logging in thE' Chilliwack watersh"d had "0 eff,;;:t on total runoff during th", 

st'~rm, and pre.bably had a negligibl,; effect on til,; timing and peak fle·w of the 

flood. Ho..,ever, le'gging-r,;iated road ..,,,she.ut5 and slop,; failur,;s hav" 

incY,;as"d the sedim,;nt supply to the river. Th;, amount and significane .. of 

this incr"as" cannot be d,;t,;rmin .. d without consid"rabl,; field ..,ork. 

Flood hazard along the low,;r Chilliwack and V"dder Riv,;rs is larg"ly a 

fUtictic'tj clf the se-dirnent I~egime cd thf' rivt:Y. In order tQ better understand 

the s"dim"nt r,;gl",,; and th .. effects of logging On it, furth,;r studi,;s 

involving fii'ld work are necessary.. These shCtuld include an examination ()f 

chann,;l changes alc.ng th,; I.:;.wer Chilliwa,:k Riv,;r, an invent.:.ry "f sedilO,;nt 

sourc"s in til,; watersh,;d, and monitoritlg of th,; .. ff,;cts of logging and r"ad 

CI)nstruction on sf!dime-nt producti':m .. 
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ApP[NDIX 1 

~! 
Province 01 Ministry 01 
British Columbia Forests 

-
1 

District Manager 
B. C. Forest Service 
9850 South McGrath Road 
P.O. Box 159 
Rosedale, B.C. 
VOX lXO 

February 12, 1990 

File: 985-5 Chilliwack River 

Mr. Peter Jordan 
3046 - West 7th Avenue 
Vancouver, B.C. 
V6K lZ8 

Dear Sir: 

We require factual information in report form 
with respect to the November 8 to 11, 1989 floods in the 
Chilliwack River Valley. 

Some of the information may have to come from the 
American side of the border because the river drainage 
extends south of the border. 

The information we consider pertinent is as 
follows: 

1. Climate information 
(a) 	Rainfall intensities November 8, 9, 10, 11, 1989 

- 24 hour periods 
- daily return period 
- combination return periods 
- use AES or similar data from surrounding 

recording stations. 
(b) 	Snowfall 

- what was there before the storm 
- what was left after the storm 
- what was the effect of rain on snow. 

(c) 	Discharge rates as available from Water 
Management Branch or Water Survey of Canada . 

. . . . /2 
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2. 

3. 

4. 

5. 

6. 

Area of deforestation in the drainage 
(a) 	How many hectares does the drainage encompass 
(b) 	How many heat ares are deforested 

- % in cut over 
- % in roads 
- % in farms, etc. 

How much is cut over but in a state of 
equivalency. 

Professional advice as to whether logging can be 

implicated in the November 1990 flood and to what 

degree. 


Any recommendations: 

- Emphasis on areas where logging has an impact

with recommendations for reducing the affect. 


Be prepared to make a presentation at public

meeting with the information. (Optional and open 

for discussion.) 


Suggested sources of information: 

AES 

Landstat photos 

1:70 000 air photos
High level photos 

. ;,Il
We will provide: \ '," 
- 1:70 000 air photos 1987-88 photography, 
- 1:20 000 air photo maps based on the 1:70 000 

photography 
- 1:20 000 inventory maps with disturbance history 
- Satelite image 1986 

We have some 1:10 000 coloured air photos 1985, 
which can be made available if required. 

Information provided by Mike Miles: 

(a) 	Frequency analysis of multi-day precipitation 
at Abbotsford, Chilliwack and Hope airports.

(b) 	Maximum Stream Discharge Values observed in the 
vicinity of Hope and their return periods. 

(c) 	Daily precipitation values observed in the 
vicinity of Hope. 

.... /., 
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- Information provided by Bert Argent, Forest 
Service Bridge Engineer. 

Yours. truly, 

JJ-~(_L2.t-..J
~~~.~Doerksen, A.Sc.T. 

Operations Manager (Harvesting) 
Chilliwack Forest District 
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