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The investigations on the backwater ~effects of ~the ~Gran~ Coulee 
Dam~were made by the Bureau of:Reolamation~at Grand Coulee, Washing- 
ton, and at Denver, Colorado~ At the~Grand Coulee :office, the ~back- 
water calculations :and studies~were~made~under the direction of F. 
A. Banks, Supervising!Engineezj :by J. :C. :Sharp, }Issistant !Engineer. 
The backwater studies at the Denver office ~were made under the direc- 

of;the Little:~Dalles was ~constructsd anti,tested under the supervision 
of R. i~. Goodpasture, ~ ~" " i .... 

• ~ss~stant Engineer, ~by d~rect~on of J./E. 
Warno ok, Engineer, 

These 5investigations:were :made under the general :super~Is~ on of 
J. L. ~$avage, Chief Designing Enginee~o A~l engineering work:dr:the 
Bureau of Reclamation is under the ;direc~i0n of S. :0. ~Harpez, C~ief 
Engine or, and : all activitie s :of :the Bureau are. under the :direction ::of 
J. C, ~!Page, Commissioner. 
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Denver, [Colorado, November *~8, ~194.0. 

~vIORANDUM TO.THE CHIEF DESIGNINGENGINE~{ 
(W. .~. B0rland and-~R.: A. Goodpasture) 

Subject:. Investigations iof~backwater~df ~the..Col~mbia-River Reser- 
voir. 

l, 'Introduction, ~The Grand Coulee ~Dam located ~ on ~the ~ Co lum~i~a 
River. about-~ ISO ~ mile s Zdownstream ~ifrom ~ the Can. adi an ~boundar~ ~vfIl, 
when .completed, !;form : avast [lake which may rinse -as !-high ~i as ~eleVa~ion 
1290.0. :At :some ~dischar~es-and *reservoir .~elevations, .~thsre~i~iwiii'ibe 

backwater, conditions :along !the upper.reaches .:df ~the :freservoir and ..to 
develop ,some ~ plan o f ~channel T~improvement ~to prevent .excessive .back- 
.water along the Nelson branch ~. elf '•the ~Great '.Northern~Railroad, ~and..to i! 
reduce such backwater as thero-.mayL.be at ithe ~ nternatmonal ~Boundary. 

2. Field data. ~.' • ' ~a jor ~observation:: ~ stations 'were e stablished at 
critical ~..~~re ~water. surface ~levations .-have ~been ~.observed, .: .:: : 
e spe ci ally at".: flood - s rage s, Sin ce :~March .18~0, '" LTho se .ob servati'ons 
were made.by .the ~eologlcal~Survey and .Corps of ::Engineers. In ~i1932 :/L 
the Dominion ! Water ~ and iPower Bureau ~ cooperated ~-~vith ~,the i.~ Geolo~ica! -* !i'i'i~ 
Survey ~in making observations ;i land 'i.thiS L.program~haz Jboen ,:ic0ntinuod , " L ~ " ~ 

to ~.tho . pr ~ s ont, time .,: .~!In i; 19~ 5 "s everal : a~ddi tional ~ obs c rvation ./stationS i : 
were e stablished :by .~the ;i:Bureau Of i~Reclamatio: ."i. 
stations i:botween ~Kottl.e~:.Falls and"-*tho !:Bounda: 

.~of-various.,river.iicross : . . :  " " " " " ' .... :~ 
~'Powor Company ~in~:c6nne.c~ 
Kettle. Falls, }iLater, -',.t} ii ~ 

! 7, 8o0 to 0oo . socond-r. ot,    o   agnitude of  idiJh  go 

• ~a~hlr~ton, , from ~tho ~idi scharge .-"at ~the i Kett I o i Fal ls ~g aGin~i station ~. on 
~. . . . . . . .  - i ~. 
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the~Colt~bla •River. The tributaries"ofthe'Columbia River betwJeen 
the: mouth, of the :Kettle River,and ~the mouth~.'of.~.the ~Clark Fork are :' 

British Columbia, to:~he flow Of the Clark:Fork~below-Z-Canyon. 

-3, .Anal,~s~i's '~ of.: fie id ~:~data. The .: ratings: curves: at :,the major. 

~.t~on~,:and thei river c ro s s ,:, sections Ir) given, ~ the-::roughne s s .coefficient, 
n, iin":th~ Kutter-Chezy ~formula~was ..~computed~,between%:observation 

!k} " 

I•.A~ • 

.va!ue.: of n ,was~<usually ~found ~.to deorease with. an~increase :in.the 
s tag e ,.. of :the r ire r • : }~A s th e :.s t ag e . 0~f ~ th e ~,r iver / r is e s, ':i,thc : r 0 u gh 
perimeter (:characterizing ~the : !ova-water :Tl0w , ~ e~!denc ed !:by ~ numerous 
falls and ~. r apid s, :, b ecomes, an !inc r easing ly ': small er', part :.:of " the !total, 
-the /submero~ed banks are --muoother ~than ~: hhe ~.low-water i:b@d,'!~ and, :as .:a 
:~result, the value: of ~•n decreases?v~ith~iincreasimg ~:stages. : ..Under~:natu- 
~r al-flow, conditions ~:inc .iiin ~~.~[ 
discharge; ~,under:bac~,~ he same 
w e tted :~se ction ,.'should ~ive the ~same'~ value ~:io~ 

,stage, -.a -. value . . of n ,~for-,any,reach:~is~determine~d~from~:~e :m ~~versus 

4, !Backwater4calculations. iThe!~Kutter~Chezy~:ithe~'~-~mir~ 
formul~s ~ are: ed ~for computi~ flow ~in~ open 
• channels. ;O~ ormula~has ~enjoyed wi~der{~use 
than ~anning ! back~vater ~comput 
cept, below!.the ~!Little ! Dalle s where, ~:~due ~to~he .marked d 

• k  

k 

qb 
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•i• 5. :The~Little;Dalles. ,,The~Great Northern R~.ilroa~parallels 
the C61um~ia River ,:for-; about ;;57- miles ibelow~the Canadian;:border 
(figure ~i). Between,,,thei~head,:of the,i:L~ttle iDaIles _and :,the ,~Inter- 
national Beundery *the ~baekwater ~ at ,high; flo0'd Stages!,~ould ~eover-;the 
tra&ks in ';some!,places,. Under natural/flew,:conditions 
'~50:,000 ~ second,feet i has ~'done *i some ~idam~ge !to 'the :~track 
ments. A,;locatien~-was :.sought wherei: channel improvement wodld.,reduce 
the ": a~eunt, of ! baclcvater, at ~- hi h ~:a ;';loc a~ion ~i,s : 
foundsat the ;.Little Dalle s, .l he.ilnternational 
-Boundary, where ,the ,~ river .;is : ..... y'~narrow,__ .̂ ^̂ 'deep chan-. 

:~';ul  ~d ~ b e :'a J t~ead "i l o  s s~.o f - i . I  8:-5 ~-~~eet ;, through I the se; rap i ds ~ ( f i g u r e  ~,,5 ) ;'" 
~.but chann~l !impr0~ement' at;'this !location,acc0rding :to ;plan ii8 !herein- 
after discus sed, would reduce ,th~s ~:1os.s ~to - only, 8.5 feet, '.which :;is 
about ;15 ~ 5 ; feet ~ le ss ~than would~ exist ,under :natural ~flow ~-conditions 

D~lle s ii s ~ Sho~uq ;..in ;figure :~4. 

~16. ~I~odel ~;stu*diss o-f ~.the:iLittle~Da!les. !.Because~:of doub~;:as 
to :~i.the. applicability ,iof, ,erie rgy lo s s ;~!~o rmulae to-such :an ~ extremely 
~,r0ugh river =:chamnei,, :an ~ hydraulic imodel was ibmilt and ;tested to ~!de- -~ 

termine the losses~through :±he :.Little ~D~lies vrith~bac~vater -condi, 
tiens ~and ;~.to ~,~devel0p ia!plan ;:~ for ,:channel 
hydraulic :model Was built ~:to :r epresent ~ 
observation :.stations ; at the'Little ;'Dall~ _ ,_ _~ 
:cons± ~ tudy "O'f"L prote - 
;.type nos io~f ~eoncrete 
to " , t k  ~ natural ~ flow 

conditions were ;reproduced : at .' the/.feet ef,~the Little ,~ Dalles ',the ~uP" 
stream~irating :.curves ~obtdined: from 'the mode!.:-agreed reasonablM Well 
vzith %h0s e obtaine d from the < pr0t0type: (figure -i 6 ).. 

After ,the =odel .c  ib  ted  flo= 
.conditions, :.back~vater c onditions :;cerrespondzng ~to L:a ~reservo~r :~water, 
-, surface.; at L:elevati0n I . . . .  . . . . . . . .  " "  . . . . .  " ~ ~--ced, .iT0",aCc0mplish i 
thi S, c.0nditiens' at -~!the 
• lower the ; m0del i,~! and ~the 

re sult ing water* su trace .; e 1 
,,were observed~ (figure 7). 

slightly .iower: water ,~ sur fa~ 
.second-feet than wcre,~indi~ • 

/i' 

_L_ ~/i 

~e 



Because of,dlfflcultles tha ~ accompany underwater: excavation, 
'L<~/N~ especially ~if !:the ~ material musti:b0:br0ken, up :,and~removed, !:it Uis ~de- 

• sirable, that the ~:channel: Lmprovement ;shoulmd n6t ~: exte{d : belowi,!low' 
:: :~ : ~ , w a t e r  : l e v e l . ,  /This : r e q u i r e s  : t h a t  ~ t h  e ,~ e x c a v a t i ' o n  : b e ~ ' d o n e  : i n !  t h e "  w i n t e r  

months ;,with tthe ~reserv0ir :'at ~ or ::balow : elevation'::12~O;:0. 

:!~ ~!~I. The ,•channel ~ im.pr ovem~ e: 
.. ,' made i in • s top s ' by ~ r emoving k 

t h a t  ~ notieeably ::di Sturbed ::curve . . . . .  

'for ~gage :ll :-: at :.the/head :0: ach .' : !: ::i 
excavation p ! a n ~  ( f  ~ lure 17 de 

:~ With :the ,: larg e ~:r0 ck :' i S lan, :re- 
~i .~i moved :to elevationl 1255 ~0. -Subsequent ~:tests ~showed ~:that::no ~addi:- 
~: ~:,. :, : tional : improvement was !gaine d Lby ::'further ~iexcavati0n Lto -,eleVation 

: 1250 ~ 0,: ,;A ! p0ztion-:.of :the up str earn ~:,left': 5 s//k-"~ s %:next : removed ~.to "(ira- 
• " ::prove entrance conditions f(excavatioz 

did?not produce :the :desired ~improv~me 
,was ::removed:as :far i:dova~stre~m ~as ~:the 
• changes, a::t0ta! of 270,000:::cubic ,yards was :removed- above,~ elevation 
1255.O (excavation plan~ 5, :~'figure,118). ~This plan,r~stored-na~ural 

il ~ flow.:conditions above the Little::Dalle s :at :!a::!dischargd, ~ of :400,000 
second-feet?for :re servoir : elevati on ~!1290 ~O. ....... " 

: 7. Backwate ,r. ~ ~dth: ".mmpr, ovdd channel. : .Ei gur0 :: 7:::shows ,ithat ~:the 
. rc commended • channe i impr ovement = ~ill ~ not :,only: re sic re: natural ~ fl ow 

.,~ • conditions at the ~head ~of ::the :Li~,itie " ,:'Dalle s ~:f0r 
~,: :,400,000 ::s e cond-f eet, : as ~S ti~.tedi:aboVe, but !al so, 

>:,i 

.improvement ! is obtained ~for ~.ii ~il argot floods, i, This 'improvement ~is 
greatest :at tho~head::of the~ Little: Dalle s :but ~is 'still n0ticeabl'e ~ at , i if/~i 
ithe ,. Int ernational Boundary :(figur e I0), ,~Pr o file s of :the 'backwater ~ : 
for natural and Jimnroved:chanuol~:~are :~shown on , figure >3 . , :The,~amount 

m.v{ith :channel :[improvement :i: 
_~ ~ l ] . o v c l n ~  :,t, a b ] e  : : ~ i v e s  i + ~ e  : : ~ 

J - :i 
- z • , ['i 
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• /Discharge. 

" 20,000 
:!,.so,coo 
~o0;ooo 
~oo,ooo, 
~do;ooo 

',' ~TABLE ::I , -, 
" 7 , , . / 

:~I~ATER SURFACE )ELEVATI ONS ,~.T. INTERNATI ONAL ~B OUND~,/~Y 
[' 

- - :' l- " " ;  " ::Backwater ~ , C o n d i ~ i o n s ~  '" '" 

i . . . .  ' •  ' 1 - :  ~ - ' . :  - -  . ! l : z m ~ , r ° ~ , e  a ~ c h ~ n e  ~ 
! Natural.:;Chanuel i i  ;Exeavation':;P~lan 
" I ~ .,',T ~** ~ " ' i  J ' i i C o n d i t i o n s  ~ <~ '~o, .  ~:o ..... :;-, : 

. ; : I 2 8 ~ ; 2 0 .  - ! I 2 9 0 ; 0 0  
" : I 2 8 9 . 8 0  :1891,88 

~ 1 2 9 0  ,"00 i . ( -~5 , ' 8 0 )  

(o)  .: 

l ~ . l ; ~ O  < ( ~ . ~ 9 )  = :.. 
izs~9::~o..(o)::..~, . . . . .  400,000 , I 3 2 9 , 1 0  I 3 ~ 0 , 3 2  ~ i ( + l ,  2 2 )  

::5oo,ooo .i ~a~6,oo :!~:za~i~:se i'('+~,~6) i 
. 6 5 0 , 0 0 0  ' 1 3 4 6 : 0 0  . _ _ . . .  : ' 1 3 4 6 . 9 5  ( ( + 0 . 9 5 )  i 

!Figure :in ~parentheses ~indic~[~es ~ backwater :if plus-and 
.:: improvement if',minus. 

-Re servoir -,-water ,~sur.face .:e at ..the -dam. 

Based on mode l;,-rosults :fo r :iione.~3. • 

at er : :sur fae e e ..obtained ~ by 
i~ext endingi~rat Boundar~r.:until 
fit inters e c~s . . ~,Tuov~e s t").pdi~ 

- ' :i'.in the river i. 

r.~until i 

nO.:(! ( 
i ovation. il2T2 • _: i 

~.., -~ 

Not 

at r, .Grand Coulee/i/Dam: 
i Minimum _idis charge ';, 

! 1 9 3 9 ,  : ; i n o l  . / ,  

i%~er .are: 

An~.:inspeCti0n:of the ,ta.(61e shows ~,that:-ifor :flood ., i! i 
'.40Q,00o ._s ecend-fee,t ~.the.-.w~ter : surface olevatiOnS:/abo' . 
Dalles, :~ll ~'not :be as i'high~.,~th/full , reseI~roir :and : chozmel timprove-/ 

• ", [ 

merit.aS i~heyi: are,at • ' the ::.pros ent ~:.timc, 'Ac cording l.y,): conditions :.along )- 
.the- railroad ~tould be !better than,at,f.present. The:~.bable .and i figures 
3 and : l! : Show ~hat. ~vith;,~he iJ,mProved<:ohamue ! the,Ereatesti~ ~mount ~'of . ): 
::bac~vater at (the :)Internati0nal/Boundary-. wil i :be ..at ~ smal i d/- scharge.s, 
vrith an •actual i-reduction 'in,!~:stage ,for-:i~floods~above .i-g00,OOO:,Second- .. 
feet, According, to ~records .for :the past ~27 ~y.earsi/.al flood ~with ~a ;~ -.: 

5 
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:~magnitude ~of ;400iO00.:,second-feet .... ,:or ,:larger ~s iJ'~ikely-.~o 'occur :on ~an ,i ii: 
of : once ::i 

i< ..channel ~.~proveme 
• national SBoun~ary , ~ , , 

~.vation :1290 ~, at ~the :dam, ibackwater ~th/any~/disch~.rge I.I~!S~S \than " 'i~ 
.... "335,000 ,second,feet ,Wi'~l inot exceed ~t}~e i~ter Surface :~,&~hvat~on ,of 

water" ~.being (defined ~ 
t] 
~ordinary !high "water ~.eleva~ion 

_d~ sch~.rge s ,be~veen 335.000 ' s e cend.f ee~ ,:a~d ~ O Q , . O O C  . 

.baC~,~ater. ~urface ~v~,l!:be a maximum ,'.of ,about :::0~ ~foot iabowe :,the 
present ~.water ~su~face.. -.. (:,":, /~-.!ii -., 

'that'~the-railroad, under ,;present .condi~io~ 
for. dis charze s ~.uo .to ,L~O0 .~'00 "s e eond"f e ~t. 

• co rding Iv, the amount ~.;Of ;e xcav~.tion/for ~ e acl 
plot%e 
tions :" 
'by iilog 
rating 
(f gu~ 

~d,i-. 
. extension ,0brained 
ection~of ~he ;natural 
ng ~cunv 
.ould ~.r.o 

~Plan:5 is accordingly reco~mendeld. : 

9 .  Conclusionso ~It ~ 

.'(a) That, without channel imorov~ne 
there ~,would • exis t~ at .the ~interna~ional 

for "these di scharges w~i:ll be from 0 to 12 feet ~,below-the natur~l~flow• '. 

,~ . 7 . -  - • , 

" ,A 



sta~e ,for ~mean ~ 
' f e e t  i O f ! b a d k w a t ,  

3 

:ordinary Tlood 
;lO0,OOO::.second-feet. : ..... . . . . .  ' : -  , " , : , 

• without"$d.hannel r ,~pr eV~en t :  a n d  'with : a :~u:I~l  ; r e  s e r "  ::~ : : ::: 

] : f~om~2 ' ; to ?i0 f e e t  ;H ig~  " ' - '  
~ b d t ~ e e n  : 6 5 0 ; 0 0 0  . a n d .  r 3 ( • 4; % ?: ~' 

,@ 

same "el~evation as .the ~ 
;feet. greater. - ~ r,,  : 

h • 

~lowering ~,~he water ~.surface : ofTCo'lumSia ~r~Iver.:~e serpent. ~ :. 

so ~redueed .that i~'it :Ties belmv the 
natur al flow :at the :International 
335,000 :s econd-feet, !~lies :~b elo~ ~!~i 

i evati o n .o f 

i iii 

feet ~and 400.000 Second,feet.. ~" 

:t.~is imurO~vement ,, an~ ~v,~th a ,~ , A 

. ~ng =the ~rai,lroad :abo~e ~the I ~ t '  
~h: r ;a ::dis 

r 'present cond:i%ions -for ,:/./: :-, i i !, 
:= greater (discharges ~by?amountS-up-<tO about lO ieet l or.,aL:disch~rge ~o~: =, :;. 

650,000 :second-feet, :- :~' ...... . - -. 
?t', ~. 

(if) 'That, .channel improvement ~ !the ;Li-ttle 

:foo.t ...... 
nd- ~ 

iavation : i s  ~:~ .ot . ,  !. -.- i; 

~W. : M '  

R. A ~. 

• : . . . .  5:••• .? 
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NOTE:- Chonnel dmproved,M! Liftte ~Doltes o(~cording to Pton No,5 
~:ernoving~270,ooo c~ yds. along left  bo#/¢ t o  Elev. ~25~ o. 

Natural  ~ f/owen,s : o r e  those c o m ~ t e d ,  from ~the gage. 
discharge  curves for natural  flow ~ . , , . r 

" Hoving rplot~ed noturol,, f low.n~ . ogoin~t~ meon W~ S.. Elev. . 
~) each reach; backwater, n 's;: ore thosei ~Mues of. n: t o k e n ,  
Tram these curves corresponding,to the m e o n  W~S,Ele~. for " :: 

£. 

bockwateF profi les.  
- All boct(.woter profiles ore f o r  Res ,  I ~  S :  Elev. izgo 0 of" dam. " }~  
, ~ y m b o ~ s  inaidore computed.or, observed:points.  ' / : , '' 1: 

. - - - -~P'- -  Indicofes observed natural. Wote~ suHoce elevcrtions . ~ : 
for discharges up to 42o, ooo seG ft. and.computed nofuro/ ~ ~ 
woter surfoce elevations fo~ hiCher~ discharges. ~ 
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~*NOTES 
Natural f low n's era (~3rn~utsd from the.. goge-dischrJffls curves far natural  flow. 
Herin(; plotted natural: fk)w n~ ago/nat" mean t V,~ S. ;Plevetton in each moth,: buck-  

water n~ are ~hose values of n taken f rom t/ less curves c~rresl)O~ 
meort ?L S.'elevotion for  backwater profi les/ 

]rnprav,~ment at  I.Jt/Is Dolles is accnrcl ln~ lo .p lan No,$,,removin 
yds. ~lon9 le f t  bank down to £1.125~. Model tms used to obtain resulfln(1 ~ater 

s u r f a c e  in Zone 3 , f o r  curve No.tO 
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L O C A T I O N  OF,!~ZONES 
Zone, %o. # -Grand Coulee Darn to Marcus.  
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Zone N o . 3 - L i t t l e  Dallas. 
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