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The 1nvestlgatlona on’ the backwater efzects of the Grand
Coulee Dam were made by the: Bureau ‘of ‘Reclamation:at. .Grand . ,
Coulee, Washington, and Denver,: 'Colorado. .The ‘backwater: studles
were made under the. directlon of ‘D. .C.- McConauéhy, "Senior: Ehb¢~_
neer, by W, M. Borland, . ‘Associate: ‘Bngineer. : The hyuraullc model:
of the Little Dalles was: constructed ‘and ‘tested under the: super«-*
~Vision-of R. ‘A. Goodpasture, A351stant Englneer, by dlrectlon 5
of J. E. Warnock, Enhineer. S el UL R L

‘These invpstl atlons were made under the eneral supervmsmon
of J. L..Bavage,- Chlef Desi; nlng ‘Enrineer. . All engineering work.
of the Bureau of Reclamation iis under the: dlrbctlcn of "R.i F.1-‘_ e
Walter, Chief -Engineer, and-all activities of the Bureau are’ un-VF‘;g¢j
der the: alrectlon of J. C. Page, Comm1331oner.n R S
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MELIOBANDUM O THT CHIZF DESIGNINGENGINERR
= a'W"h' Borland and R. A._Goodpasture —

_‘Suoaect-' Investi atinns of backwaterhof, he:Folumbla R1V°r
: Reservoir.d-LQ,;:_ M e e e

oL Introductlcn., The Grand Cuulee Dam located on the
‘Columbia River- about 150 miles- ddwnstream fron the ! Canadlan o
:boundarv will, when' completed, form:a'vast ilake: which may ' rlSe'hV' ”_\ﬁ
~as-high as:elevation 1290.0, /At 'some discharges; .and: reservoir o
velevatlans,;a smill camount: of. backwater w1ll exist.at ithe’ Inter-g;’-
‘national Boundary.fﬂThe 1nvest1gat10ns presented ind thlsﬁreport,«“
Lwere made ‘to deternine. the backwater:. condltlons along the’ upper 5
‘reaches :of :the: reservoir:and: davelop some plan of chamneliim— . =
-'provenant to relieve the. exce551ve backwater a.lonb the rallroadl
~and at the Internatlonal Boundary o . 2

: Fleld data. major ObaGrVutlﬁn statlons,were establlshed
a;at CTlthdl peints. where: wuter surface. ‘glevations have besn: observed,
laspeclully at flood, stages, ‘since iapeh: 1830+ Thesa’ observatlons o
- -were made by the Geoloy sdeal’ Survey :and’ Corp: Ehblnaers.s In 1932
" the Dominion Water: and Power Burezu coopuratedrwith the: Geolovlcal
courvey in’ tdklno observatlons -and ‘this:program has. been: contlnucd
o iboithe. ‘present: ‘time. In; 1935 aevcral,addltlonal ooservatlon stg—=
';tanS viere-restablished: by .the: Bureau of” Reclamatlon, maklng aito-
“staliof 17- statlons bbtween’hettlp Falls: -and the: boundury (flgurg :
1141).- Soundln ~of various river: "Cross’ snctlons weru mado’ bj thu_f st
“Washington, aater “Povior: Comphny in: connuctlon with a, ‘proposed.: poncr L
- deelopment ‘at’Ketdle Falls, :Later ‘the’ Burcau of Reclamatlon&tookf;;;"b
~wadditional: soundingsat the. thtlc Dallos' and jat” the ‘International "
. /Boundary. ‘A'total of 4l river:cross. suctions -arciavailable along -
rthes upper'end‘of thu ‘reservoir. hheru they=worc_most nccded in the
'¥7¥bgckmgter computatlons. ’ﬁy. S SR ‘ i

e The water urface elevatlons were obserVBd Bt thn magor ob—
'x_&servatlon statlons 1nd1cated on; flgure 1 for: amscharges ranging -
ifrom!17,800.to 4205000 ‘second-feet, :The ‘magnitude:of: the- dlscharge
~on the obserV4tlon ‘days was. secured. by. deducting the, dlschar ge.of
- the-Kettle'River:as determined at:the. gaging: statlcn near Luurler, -
“ashington from the: ulscharge ofthe'Kettle Falls gaging station 1<[=‘
. on-the Columbia River, “The- tributaries: of the: Columbla leer be-,ﬂ.‘
'*7}}tween the mouth of: the thtle ‘River: and the Clark Fork Rlver are




.e;all very. Shall. and do: nct materially affect the flow S0 th at -

.the 'discharge obtained in. the above manner is: “applicable: through\

. '3¢out ‘the:reach: being: studled.: ‘This.. discharﬂe was: checked by udd—

-ing: the flew. of -the Columbia River as determined at’ Trall,
LBrltish Columbla, to the'flow efrthe Clark Fork below Z‘Canyon.

Jsurfece elevatione,and the: river ‘cross sections: given, the -
roughness coeffic;ent n in the KuhterhChezy formula was computed

*face elevatlcn far. e&ch reach.ui >
-,observation stetlons were. accurately define_

‘feet, Thesa Curves: vere: “thens extrapolated: by. ; 4

‘with the aid of heager:field data’to include:;the71894: “flood, est11
mated 2s:650, 000: second-feet. ?The_roughness coeff1c1ent was “found
tor very'dlth ‘the' dlscherge and:stage,:s0 that for dmsnherges greet
~er than 400,000 secondrfeet, the ‘roughness-: coefficient’ Y2rsus; '
ﬁdlscharvc eurves sconld be.extrapolated endfs edjusted thet they
“weré in vreement with the ‘extrapoloted rating ourves., . “The" volue.
~of nwas usually found:to: decrease with:an‘increase: “in' the dls—‘
*ch_r? or- atege of ‘the rivér, Uith any, ackhatcr st oge. 8 new .

~ for any rezch is determined from the n: versus:average:water. sur~‘ef*§ﬁl
- face elevatlon curve, This- coefflclent is: deslgnated ‘as ithe’ backbw, :

“water n while the" ‘coeffitient obtained, assuming: varlat*on onxy
;w1th the dlschar5e, was ae51vnated as_the natural Te5el 0 :

4. ‘Backwater- calculatlons. Two;types of barkWater curvasyfﬁ

"‘fwere calculated, one: assuming n:to vary- only with'the discharge’

~(natural:n), and-another: assuming nito, very only with:the stage. .

“(backviater:n). The: dlfference between theitwo: CUrvVes . Was’ small]ghﬂ{f;

~abilarge dlscherges ‘where: the. change ‘between’ natural and back~

‘weter water surface elevations.was'relatively small (figure:3)s . "

‘However, the’ difference. wes: con31derable for 1nternedlute axs—vuqi

"‘charﬂes. ‘For. examnle, at’the: boundery, o discudrge: of 100,000

-sécond=feet gave:2.0 foet of: hackwetcr using: natura Jcoeff1c1ents

Coorands no- backw_ter hlth beck\ater co»ff1c1ents.. ‘The decrease of e

“n foria- con51derable rlsc in:the water surface: elevatlon for ;
. gbeckhetur .conditions is’ quite; 1erge'rhen ttken,from the; ersus
average weter surface’, elevetlon ‘curve,: It s log*cal thet the

"f§corroct backwater: curve should Iie betneen the extremes: obtalned

L with natural and: bZCkhgter cccff1c1ents.- ‘In: the lnterest ‘of “eon~ "

- servatism, the. bﬂckwater curves for’ the upper: hnd ‘of thc*reservozr fff5
sswWere: co"puted by uolno nhturwl coefflclents, und ore. used'as the f,jfﬁ

'7~ba31s for future comparlsone.

. Kutter's formule for conputlng the velue of G ln the Chezy
tformu11 has. engoyed wider use thon: hnnnlnghs oxid: was used for-
-the: beckwater comput tlons, exeept below: the thtle Dulles, 1here,




: ﬁdue to the marked decrease in the slope of the backmater nnar:y

.[1jgaradlcnt, the Manninggformnla wag used ‘since’ it gave a greater -
..enargy loss, Accordlngly, :ald: computatlons upstream.were ‘con-

”:‘servailvely based on thc backwatur ratlng curve at the foot of

Begl The*Iattlef‘alies. 3 srther ;
‘kthe Columbla ‘River:for 17 mile Wbelow‘tb"“Canadian border (flgure

1) ‘Along this: sectlon, ‘the! backwater t high=flood: stages would |
rw:;cover ‘the tracks in: some place nder natural:flow: conditlons,‘_”

a:floed:of 450,000: secondffeet‘”a done “some:'damsge 1£o the track
geembankments ‘;Becausefof robable damage torthe: rallrohd and the

_ backwater:that iwould ‘exist at’the’ boundary, ailocation’ na_'sought:wfféj'

where ‘channel’ 1mprovement woula improve: bQGKWater ‘conditi ot

 high'discharges. 'If for a.flood:of 400,000 second~fest “ardi maxi~ -

'-émum.reservolr elevation, ‘the natural. flow stage could be: restored j.;irf

.where-the railroad parallels the river, the'railroad would not"

‘ﬁsuffer audltlonal ‘flood: damage: and’ backwater would be ellmlnated‘;fﬂf;

| >_3 ;at the boundarYﬁfor hlbher floods. SIS

o At the thtle Dalles,“15§ mlles below the. Internatlonal

o ;Boundary, ‘the: river is:irestricted to:a very. narrow, deep: channel

- for:a distance: «0f*2,500.fset, . :For:a-discharge .of '400,000: second—ﬁ‘
i feet: w1th ‘the reservoir water surface ab elevatlon 1290.0, there

o woula beai head 1loss’ 6L:13,5: feet: through +these. raplds (f¢

~¢3). i Channél improvement at ithis. location: would: be*e;fectxve in
ireducing:’ ‘energy losses at:both’ natural and’ backmate iflow: cor

‘31-'adéulons. ‘The! thtle Dalles is shown in- flbure 4.

LB Hodel studles of thc Lattlc Dalles.; Becau H

‘ 433 to: the applicability of- energy: loss:formulasito: such ‘an’ ax’

‘*_;tremely rough:iriver- channel, a; hyaraullc ‘model was’ bulltﬁand
tasted to:determine the. losses uhrough the Little. Dalles with ™ .0
4;backwater ccnaltlons and: to_develop plan for. channe; 1mprovementar[

A 1740120 hydrailic; model}wa‘bbull 0" represent the:rivertbe- .. .
 itween'the. maJor observation stations atithe: thtle ‘Dalles! (flgure Fa e
~-.5). .The:model was constructed from the figld’ topography and:. ‘\g'i' 2
- scareful study of prototype; pictures. The model was. roubhened_by

- adding. lumps;oflconcrete ‘onthe bed and walls of the channel: 80

“ ‘that when natural-flov: conditions, were: reproduced  at the foot:of

“the: Little. D&lles,‘the upstrﬂam‘ratlng CUrves, agreed:reasonably f

e ',?well with thase obtamed from the: prototy pe“'(El"‘ur




. Ddlles weore observed | (fiﬂure 2y

- giveiglightly lower water: surfacea*"

'7: elevetlon 1240 0.-

" “vation 1250,0. ;4 portion:of the upatream eft bank .was T

"fTAbove a discharge’ of 400,000 oecond—feet, thn Water level Was.

_ After the moqel had“ eenncalibrated to 31mu1ete“naturalm%-ﬁq? :

'flﬂn cordltlons, backrater ‘conditions: rcpresentinb, ':reservolr;wf"”
at ‘elevation1290.0 were: nroduced.;_To accompllsh ‘this; the . S
‘peting curve. as’ ‘computed for’ ‘packwater conditions: ‘at/the lower
-.xend of the ‘Little:Dalles was: reproduced An the model and: thef'
"aresultlng wauer ‘surface elevations at: thc hnad ‘of ithe! Littlc .
“The :baclwater - computed.throuch~

“ghe Little! Dalles :;:uging: backwa&erﬂceefflcients, wasgfeun “t e

. 200,000 second-feet than’indicated" ‘
]j:dlscharces, the model gave ‘2 "lower: elevatlon*than
~-one,* The: alscrepancy was -always less ‘than 1. DD.foot, or never
" greater than's percent of ‘the 'total ‘energy: loas Anithe’ Lmttle
- Dalles. when: ther Was rany ! epyrec1able ‘change ‘inithe; maﬁer Bur=
_ziface ewevatlcn. hese results ‘From:the madel 1na1cate thax the'k'
’.use of baukwater befflClent iejjuStified Ry =

Because of dlfflcultles that accomnany'underWater etcava—
«tlon, espc01ally R the ‘material must be: ‘brokeniup and removed,
* it was. hoped that” the- d031red chanmeal” 1mprovement might 'oe 8¢~
- q-compllsned ‘above, lem—wauer devels To-do ‘this: ﬂxcavatlon ro‘ : S
“. “have to:be; corpleted” n ilnter mcnths before ‘the* reserv01r_ eached L

The channel 1mpr vement studles on.the ydreullc model ‘were’,

"made in steps by removing: yarious; portlons -of ithe sxmu;&ted rock B,

 that; notlceably disturbed. f£low! conditions : (flvure‘S)f‘»A¢rat1ng

" eurve for-gage 11 at “the headof ‘the Little Dalles-was:obtained -
- .for. nach excaV4tlon plan (f;gure;?) 8 The?flrbt lmprovemenx study
.was: made viith the large rock islend’.at ‘the -entrance to ‘the Little:
““Dalles- removed ‘to ‘elevation: 1255.0 'Subsequent testsi showed ‘that
+no-additional: 1mprovement was gaine further: e&cavatlon to“le—

moved to- ‘improve -entrance . conditions | (e“cavetmon -plan’ 1, figure: !
- 3ince -this did: not Hroduce the qe31red 1mprovemenb, F portlon of
“ithe left ‘bank waos: removed a8 far ‘downstream.as the: cove.fﬂ _
S ;sever;l nlnor chﬂnwes, & totel of 270,000 cubic; yards Were
:-gqmoved ‘above ‘elevation 125550 (excavation plan 5, flgureﬂa

_.plans restored. natural—flow r'oru:h.’c.a.ons above ‘the Little’ B
A dxscharge of: 597 000 Second-zeet for . reservoir elevntlon 129Q.

-"_lower then.w1th netural channel flowr“ﬁ;- Jg

o i of exnavatlon atudles. After:a satmslactory e
‘excavation planthad:been evolved;~it was: natural toliinguire . wheth»_yx"@
er. addltlonel excavation wouldibe Justlfied. Ascordlngly, ithe - o
- ameunt :of . eAnevetlon for euchﬁexcuvatlon plan was plotted: agelnst o
'the corresponqinp discharge at thch natdral condltmons were: ru— w




=;,Lstored upstream and an- approxlmate exienulon*"btalned by 1oga~;
“rithmic: plotting. (flgure 9). 'The ‘intersection of rthe matural .
- iratlng curve ‘gt ‘gage 11: wi$h the backwater ratlng’curveyat gage

o 13 H(figure 7)) ‘shows | thatfno -amount “of excavatlon"

f:t{wnatural conditions balow: :dischargepofgzsi,ooo

- Accordingly, the ‘improvement curve -must be'asymptotl“yto this
‘[;_discharve ‘as .shown on: flgure 5This .

°¢SSO DOO second—feetn Planis*ls ﬂﬂcordinvly recommended.{

: 8.- '
while: the recommenaed chunnel lmprcvemen$ a7 ‘
'iflon-condltlonu ‘at the head rof ‘the Little Dallu fora.c

el econdnfeet, some ﬂddltlonal 1mprQVamenﬂ is: obta1ned<‘
for:all’ larger ‘floodsi: e HEE =
Litble: Dalles, but: uould”stlll be- notlceable at’ the bounohry (f1g~Z 
‘ure:10). . Profiles of. the?bucxnater for“natural and improved chan—j

“_“nel are snorn on flgure B.w

?thls curve .ould mqufs be belo curve No.;ﬁ

© . not backhater for: dlschargeSEgrgatvr than BO-

:ffollohlng t;ble glves tﬂo;

-;.Pace at elevatlo 1290 0




Natural
*oefflclnet n

| -200,000

zo 000; ;“

o 350 ooofgﬁvﬁ
~ fao05000 o 1,

1| soo,000 - |
| 400,000 -
{500 ooo_f§_ ;

.<§.b50 000;3i

e bonaltxons-
311,284 2 ;
14289.80.

 Lsises |
iﬁ1;321;79'

1\1,329 10

;;L;,sgs,oo;

1,296.05

‘l’290 oo;r
(*5 80);;
a(+5 65);'

v 3E




An 1nspect10n of the table shows\thut for floods great'
than 400,000 second-feet, the'water ‘surfdce: elevatlons above,
“the Little Dalles will not 'be’ as?h.'h”w1th full.reservoir and

. channel merovement a8 ‘they are atithe’ ‘present time. . ‘Accord= ‘;.fu53.~;‘

‘Jlnuly the" damagp to ‘the rallroaa wnuld be lesséthan at present. v
The “table' and, flgures ‘F.and 11 show thut, 3 :

W“ nel, the’ “rcutest :amounti‘of backwater at &

ab small dlscharges with an actual reductlo
- :zbove 400,000 - secon‘dl-fc’et i
tude: v111 oceur ‘once;; very . abrTSfyear
- face dis Towered- upprozzmatcly 15 feet :
at the boundqry for;: dlschhrges AP Lo 50,000 secon
for :reservoir: operatlon ‘is ‘indefinite and is belng studiod:
" present ‘time.. It ‘has: been estlmated that for onn—half of th
q-lOdS of . vearly minimum flow,\ :
, proauce o backhater at then,”

 Flow to zbout 075 Foob st extrer
at orulnary flood stages. ;.i

!,roud wlll be”from 2 to 8 feet:hl her Lhaﬁ dt: present for dlscharges
= above 500,000 second-feet “and. thut for discharges in the ; neizh
‘:hooa of dOD‘OOO Sncond—xeet 3 Nthh have prevxously_caused some

' -tha:jaurface of”Grand Coulee Reservoqr

L (d} That by channel _mprovement at the thtle Dalles requlrlng._.
1qilabout 270 000 cubic yards' of excavatlon, the ‘backwater ab the o ,m”
"boundaryucan ‘e reuuced about 0.4 foot, orito 2.6 feet, at: 100; 000

seconu—fee,, ‘about 1.8 feet; or to noth;na, at . 4003000 second—feet
. and ‘about 4.2 festy or to 5,5 feet 1ower than: unde present no“di—ﬁ‘
‘Llons at.GSD GOO second»feete e S ST

(e) Thatf_y uhlS 1mprovement the Water surfgce ‘along
road ¥ill'be'no hjmhergthgn under; present ‘conditions ifor a’ als-t”

 "55;charge of :400,000 ‘seéond-feet. and will be: lower: than under prasent

GQ.'GOHGlthHS for greatur ulscharges by amounts up to about ll fEut
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Island Excavahon =52 420 Ou'rbs‘

- withisiahd oF EL 1250, O :
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