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_ The investlgatlcns on the backwater effects of tha Grand Couleep
‘Dam'were made by the'Bureau of Reclamstion .at: Grand Coulee,. Washing-; .
ton, and at’ Denver,,Colcradoa ﬁt “the’ Crand Coulee ‘office,. the: ‘back~ -
~water calculations ‘and :studies: were mede junder - the ‘direction of R
o A Banks, Superv151ng Englneer, by Je i -Sharp, . Asszstant Englneer.
g_The ‘backwater studies at the. Denver offlcexwere made under the . dlrec-
tion ofD. C. VcConaughy, ‘Senior - Enzineer, by W b LMl Borland, ubsoclate‘”
: 1‘”ng1neer, and Co b ‘Wentz, ‘Assistent’ Englneer. The hydraullc modcl ,
~.ofthe: Little Delles wes: constructed and "tested under the - suparVL31on
20f Re e Goodpasture, ASblStﬂnt Engineer, bv dlrectlon of J. oo
‘=Warnock Englneer. - s L e RO

‘ These investlwatlonS'were made under the general super('uﬂon of
o ide L. §avage Chlef Deelgnlng hnginecr. A1l engineering work: of ‘the
" “Buresu of . Reclamatlon ‘is under the;: dlrectlon of ‘840, Farpcr ‘Chief
‘Engineer, and ‘all activities- of the Bureau are under the dlrection of_wﬂ”
J. C. Page, Comm1081cncr. Lovet Uk ; S




. iDemver, iColorada, Novenber 28, 1940,

. MERORANLUM 10 :THE CHIE¥ . DESIGNING ’:ﬁN'G'INEER; |
(W.ﬂh. Borland and R. Al Goodpasturé)

'hluubgect Investlnations of backwater of the Columbla River Reser—7 ;
' owelr, v : - S

“Introduction. The Grand Coulee ‘Dem’ located on'the : Golumhia .
"Rlver about 150 miles downstream from the- Canadlan‘boundary‘w1ll e
. when completed ‘form a vest lake:which .may rise: ‘highias elsvation . - -
71290.0. ‘At:some:discharges and reservoir elevatlons, there will’be
cargmall. amount of: backwater et the’ International: Boundary.-aThe in-'v,‘
westigations: presented ‘in“this: repnrt were:made -to deteruine- +the™

 "‘-backwater eonditions- along,the upper reaches ‘of ‘the-: reserv01r and to33ﬂﬁﬁ 
- --develop ‘some:plen‘of- channol inprovcment ito prevent excossive back- .

_ ‘water: along the Nelson branch .of 'the .Great. Northern: Rallroad ‘and. tdff:.
_{roduce such uackwnter aq thero may be at thc Internatlona1 Boundary.j_”a

; Flcld data. Maaor obscrvntmon statlons Wers . establlshed atfi=**

:crltlcal .points: ‘where ‘water. surface’ olevutlono ‘have ‘been-observed,

vespuclqlly ot flood - staveu, sinee’ March 19304 “Those observations - -
‘were made by the ueologlcal Survcy and - Corps of: Englncerq.' In 1932 5; o
the Domlnlon Water and ‘Power ‘Burcau- cooperated Wwith'the* Geologlcal et
S urvey in maklng obscrvutlons, “end’ thls program: hau hcon ‘continued

" to ‘the ‘presentitime,. In 19355 schral addltlonul abservqtlon statlons
owere: establlshed by‘ﬁhe ‘Bureau: ongeclamation, maklng “aitotal of 17
'fstatlons botVGcn Kottle Falls: andftho Boundarv (flgure' :{)Soundlngg»

irof: various river: oross,ﬁuctions ‘wore made by ‘the” Wnsh;r*ton'ﬂhtern Sy

. Power: Company An conncc tion with'a ‘proposed: power devdlopmentz £ S
“Kottlo: Palls.,‘Later, the ! Bureau ‘of - ‘Reclamation ‘took: uddltlonal sound-wl~
Angs-atithe: Little Dulles: and - at the Intornutlonal Boundary. Alto—n o
jlrether, 41 riverreross: soctlorq ‘are.available alonD “the - upper-end . of-
- wbhoireservoir. whora they aroe: most nedded Jin- vtho backwnter computﬁtiona.,h
In*1937 the Bureau: ‘of ‘Reclamntion ran o 1ins of. ;precisc 1GVClu o=

”f:tmccn_Grund CoulogiDam- and ithe’ Internatlcnal Boundury and: dlSQOVbrca

Q‘fan error :of 147 ‘fect iinthe dlffcrcnce of elevation: which badmpro-T“i”
oviouslyibeeon: used_bctwccn these: b0 ¢ p01nts.x All ficld vdata ha”c beon
Jcarrectcd tovponform to thls new llnb of prcolso 1evels.‘};

i) The watcr surfaco elcvatlons werc observod at the magor ob er- “ﬂ'”

v._vatlon statlons dndicated on’ *1guro“ for. discharges irensing . frmn '
17,800 to- 420 000 sccond-Lcct.a “The ‘agnltudc af; tha ‘discharge on .
the. observatlon ‘days -was -securcd . by'deductlng ‘the idischarge of - thﬂ s

-~ “Kettle River-as. ‘determined ot the gaging: statlon near: Laurler,r D

- e hlnrton, from tha dlschargo ‘at- thc Kcttle Falls gaglng stat;on on :




the Columbia Rlver.. The trmbutarles of the Columbla Rlver betwcﬂn i

“the: mouth of ‘the! ‘Kettle’ Rlver ‘erid the mouth- ‘ofthe: Glarh Fork are’

all very small and do not. materially affect the' flow, g0’} that the g
dlscharge ‘obtained in: the -above mannerils: applicable throughout the‘§,__F‘f
‘resch being " studled.; A mmber: of dlscharges ‘arrived et by the- above;]u- _
method ‘were checked," ‘witha’ dlfference of; less’ “than’ five percent, by{;H k o
addinv “the flow of" the Columbia River "as’ determined‘at=Tra1L . EE
Brltzsh Columbia,?to the flow of “the! Clark Fork belox¢ fCanyon.

, Analysns of: field data.; The rating curves: at the major :
observatlon ‘stetions:werer~accurately. ‘defined: upito..420, 000 second= *
“foet. These ourves were. extrapolated by various: methods Withithe
said:of meager: field: data fo includeithe:1894 flaod; estimated as o
650,000 secondafect, “With the: dlscharge, the waterisurface: eleva-ﬂ,g-
ﬁbns,andthe river: cross ‘sections; ‘glven, - ithes: roughnesv coefflclent

‘n, jinithe: ﬂutter-Chezy ‘formula was : computed ‘between: observation. .. .
stat;ons ‘formatural flow: condltlcns._ ‘The :rovghness: coefflclent ‘was .
“then: plotted ‘against: average weter ‘surface elevation for each: reach.;

- The: roughness coefflclent wes:found" to: very withthe dlscharge and . i
stage, for: dlscharges greater ‘than- 420,000 second-feet ‘the™ roughnGSS'nﬂ*
coefflclent versus: stage CUrves Was! axtrapolated and so: adausted

that: 1t wasiino agreemcnt w1tn the ‘extrapolated: rat1ng CUTVess The

Svalue of :n rwes: usually fcund to-decrease with an Ancrense ‘in “the .,

. stoge.of: the river. vAs: the: stage of the: river, riges,: ‘the: raugh S
perlmetcr ‘charecterizing the louuwatar flow, evidencediby; umeTous f 7'
‘falls-and:ropids, becomes an: 1ncrea31n°1y'smaller part .of: “the total,ﬁﬁ
the! submerved ‘benks ‘are " smoothcr than the ilow-water bed, rand, asca -
‘result, ‘the value:of in" decreuses wlth increasing stagese 'Undev natu-
ral fknvcondltzona ‘increnses in staﬂe correspondxtp 1ncreases ‘in :,
dlsch rga;iunder b&ckwater condltlons tBhisfis: nothruc, but, tho same
vretted seotion should: give ‘the’ same value of "m.* This: ;easonlng

. wias sconfirmed: by the: model testss Accordlngly, yrith! “any bacPwater -
starc, asvalue: of n- for eny: ‘reach:is: deternlned from‘the Wn versus S
Laverage: ‘water surface: elevatlon curv' "Thls ccefflcle 15 ds ‘
natod "backwater n.“,”q, s g ‘

4. Backwator calculatlons.ﬁ;The Kutter—Chezy andxtho Mb.nnln° 4}
formulas arcithe twomoat: freguently. used for 'computing ‘flowiin:open
channels.; Of these, the” ‘Kutter-Chezy: formula hosenjoyed: wlderzuue”-~
~than’ Menning's-and was: adoptmd for- ﬁhe backwater : computatlons ex-
oept ‘belowithe Little: Dalles wnare, ‘due “to: the markbd ‘decrease i e
“the. blope of ithe: baokwater energy: gradlent,‘thc Mannlng ‘formila’ was‘;

' used “since’ it gavein somswhat greater energy losse Accordlngly,‘,:”f'
;alll comnutatlons upstrean ware*conservatzvely based ‘on “the ' baskwater
“rating curve-atithe’ foot of the’ thtle ‘Dalles’as: glven by the: Mannlng
formula.‘ pstream:from: thls ‘voint, “the slope of the energy ‘gradient -
was steeper and the Yutter formula‘waa used Jas8: above stated. ”Flg-‘h?
Lure 5 shows the computed backwater surface proflles. :;H--- o
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The Little Dalles. The Great Northern Rallroad porullels

H-Jﬂthe Columblﬂ River for about: 37 mileSrbelow\the Cenadian ‘border ;;f*;;  ;¥>
“I(figure l).  Betwsen:the: head of the. Little: 'Dalles ond ithe ‘Inter-:

EV;natlonal Boundery the backwater at hlgh flood stages wuuld ‘cover the ?f
i¢racks in some pleceg.. Under natural flow conditions; ! flood ‘of -

;i:”450 000 second—xeet hes ‘done‘some damage to"thetrack: and embank—:- o
..}fmenbs. Ailocdtion was: sought'whare ‘channel’ 1mprovement would reduce-_?
“the nmount of "baclwater at high: dlSLh&rgPS. ‘Suehu 1ocatlon i '

‘found-at the 'Little Delles, '16-1/2:miles: ‘below ithe International.

Tc}Baundary, ‘where" the river.is; restricted to azvefy narrow, ‘deep” chan-‘ﬂf‘

" 'mel:ifora: dlstance :of 2,500, ‘Toate. For g’ dlscharge of: 400 000 second-xjj“"3

;Ieet, Wlth “the ‘reservoir: winter surface v elevatlon 1290 O ‘there

would be arhead 'loss: of 71545 feet ‘through these raplds (flgure 3),

_ gbut channel 1mprovsment b “this 1acat10n,accord1ng ko plan .5 hereln—
L dfter: dlscussed, ‘would. reduce hlS ‘loss iboonly 8:5.: ‘Pagt, which is:

‘about 15 & feeb. less! ‘than. would cexisti under Aaturdl flow condltlons R

. with:an- unlmproved channcl.— Thls ‘indicated clearly the advantageous

m ¢effect cf chonnél | 1mnrovement.,.A topograph1c sketch of the thtle ;};~’

{Dalles 1s shownf'n flgure 4.

B J MOdel‘étudles of the thtloﬁDulles. Because of doubt B8 ;'J‘
u;to the appllcablllty 'of - energy loss:formulae ‘to such on' extrmnely

‘.,rough.rlvcr ‘charmgl, on: hydraoulic: ‘model was: bullt and ‘tested to de— ﬂf#,

7§tarm1ne the losses: through ithe thtlg Dallos with backwater condl-;
» kioms: and to*develop a’plan: for channel lmorovement._ 41 %o, 120 _
-,;hydraullc ‘model wes built ‘to: ‘répresent the:river between the nagor

- observation-stations:at: the” Little Dalles: (;1rure '5)s The: model” wes: -
constructed: Trom’ the*fleld topography and ‘a careful : studv ot proto=- i

"‘kﬁtype plctures. iThejmodel -was: roubbened by ‘adding lumps: of«concrete_f_?AQ

" ato “the bed and- the walls: of the: channel 50" “that: when natural flow

”Qfﬁcondltlons ware roproduccd at thefoot ‘of “the’ Little Dalles: th e
L oistreomira ating - ourves cbtalned from'thoimodel agreed reauonabl ,wcll e
fﬁ_@wlth those obtalned from the- brototype (flgurs‘G} : R

After the model had been calibrated?toi51mulate nutural flow‘
;condltlovs, backwater condltlonu.correspordlng o i ireseTvoir: water

”\*tsurface atielevation’ 1290 C-at the:domwere” produced. Ton cﬂommllsh j:f

'}tnls, tbe ratlng CUrve as: compnted for bmckwatcr condztlo ‘
“lower . end of: tho ulttlc Dolles was: reproduced inithe: model.and the

i fresu1t1ng ‘water surface: elevatlous ot the: heod rof ithe (Little Dalles E;f
were observed (figure 7). “The, conputedlbackwater “was ‘found ito give L

slightly lower: water: surface elevatlons;, ‘n-discharge of 200, OOO 2
- .second=feet thon were indicated: by ithe! model For alliother: dlS— ,jj"

' ;ch&rgcs the model’ nge Tower 'elavations: +han those computed

hidlsCrepancy'was always leSSftnan ‘orequalto ;1410 feet ;endt never

“-;greater thenfive. percent ‘of *the total- energy ilogs “in: the thtle

“Dallec when- there-wns any appreclgbln change *in the water surf“c@“ ’
fﬂblevatlon.;f T T : S R




Because of d1ff10ultles tha+ accompany underwater excavatxon,‘fsz~ 

especlally ifthe: ‘material mustibe broken up: ‘and - removed, it iis de—'*”
‘sirable:that the" ‘channel’ Jmprovement should 1ot extend : below low~ :
water 1evel.f :This requires ‘that ‘the- excavationibe: done A,*tha w1nter; &
months with the. reservoir at or: balow elevation‘fZ&O oa_ : S :

The channel 1wprovement studles on the hydraullc model were
made ‘in-steps' by removing. verious: portions ofthe: szmulated TOogk - S
that: notlceably ‘disturbed’ fIGW'condltlons (flgure ‘B) e A ratlng curve 3
for ‘gage1l-at: the: read of the LittlefDalles was’ obtalned for.each:
axcavatlon plan (f‘gure 7)o "The: flrstvlmprcvement study weas, madelw,5
~With the’ large Tockiisland at the:.entrance’to ‘the ‘Little: Dalles re-¢f”
‘moved to élevation’ 1255 0. 'Shbseguent tests showed thatino /dddi-

h'ktlonal Improvemsnt was: galned by . further -excav t;on o elevation CERE
+1250,0,6 AL portlon ‘of the; upstream’ left: bank wasinext removed‘to 1m—»;]_!
prove entrance ‘conditions. (eycavatlon plan*l flgurefB) ~181nce this .,

wdidinot ! produce ‘the desired: 1mprovement portion of thy lePt bank
WS, removed B8 far downstruam‘&s the icoves After.: ‘several: ‘minor. o
changes, ‘a'total of 270,000 ‘cubic: yards wao-removed above: elevatlon o
11255,0- (excavation plan:s, ‘figure.8). 'This-plan:restored natural
‘“Tlow:conditions above the Little Dalles. .atra: discharge of =400, 000

-’ second-feet for reserv01r elevatlon 1290 O.hgg-»

Backwater w1th 1mprovcd channcl Flgure 7 shows thatsth
rccommended channcl 1wProvement w1ll not.cnly restcre naturalﬁflow

400 OOO sacond-feet cas stAted above, ‘but aluo»thst .some : addltlonal
1mprovemcnt is obtaingdiforwill™ larger: floocs.‘?Thls 1mprovement s
greatest.at the head. of . the Little Dalles but is ¢t111 noticeable: a*_”

the International;Boundary!(figure 10).. iProfiles of the backwater

“for: natural ‘and ‘improved: .channeliare: shown on': flgure ‘B he umount ﬁg ”"

caf backwater ‘ati ‘the Intcrnhtxonal Boundary with channel’ 1mprovement
“is:shown asicur 8, ifigureille. Tha: follow1ng table ‘gives:the
wutcr surface elevat1ons at-the Intornatlonal Boundary for :natural

STlow! and backwatcr condltions for: both natural¢and:improved channels,;;"ﬁ:

w1th reserv01r wetcz furface at elevatlon 1?90 0.,;




”",Backwater Condltlon'“r, A |
E Improved Channelilww‘ﬂ{'“

e Flow 3 B
‘Di scharge. tCondltlonS’ )

20,000 -
150,000 -

100 000
W,zoo ooofq Ly _ E

1 ¥300,000 ° 11321470 alszh.a7 (+0.87)
. 2400,000 (| 1329.10 | 1330:32 (+1.22)
. °1600,000 1 1336400 .|.1337156(+1:56) G
‘*650 ooo ? “”1346’00'55 1346 95 (+o 95}; 31342 90 (-3 10)?1.;¢rx

' %Flgure 1n pﬁrenthoses lndWA tes backwater 1f plus and
1mprovement if: mlnus.,_; ' E S g ‘

, Rescrv011 water surface alevatlonﬁlzgo ut tne dam.

g Based on’ mudcl rusulto for one 5.  ‘”"”
'ri-‘i*** - L T
‘Wator surfaco clevatlon for zcro dlcehvrge obtalned by
extendlﬂg reting. curve .a "Jntcrnatlonal Boundury‘vntll
1t 1ntcrsects ‘theiline; oflmbro dlscharre.,gLowest p01nt
1n the rlver bed at’thls Gectlon 1s at elevqtlon 1272

h0t9°?: Or the perlod Aprll 913 to Sentemher 30 21939, 1ncl-:-u""’:

7 7Nax1mum4d1schﬂrgeJr et '¥J'Mf  Tﬁs&béﬂd;iéét;
“ﬁ@Eaxlmun,dlscbarveJ(mOﬁn for : Jr‘ 58,148 ;socond~fect -
Y1075 s»cond-feetj

 ”?rreater than e

, "ﬁment o5 Lhev‘nre at the prcsunt timc.- Accordlngly, cond1+1ons along
. the reilrosd would bz better then.at: ‘present.’ :Theteble and’ flgurus
#3.end ;11 -showithet . with the lmproved channol, ‘tho' greatest amount af L
h tbackweter at the Internntlonal Boundary'w111 be at: small dlschwrgus,;
© . with- an actual reductlon inistage.. forufloods abov@ 400 000 sncond- :
‘:~foct. Accordlﬂg to: records for the pas 7 :




‘giwauer being deflned as- uhekstuge most llkely to he_ eached or ex-
"iceeded each: year: b; the - -petk ‘of. ‘thes annual £lood. At rthe: Interna—f
J:*tlonal Boundarv the: ordlrary hl“h watnr elevatlon'ls 1325 O”‘gFor =
‘”Jdlscharges ‘botween 335,000 ‘second=feet :and 400,000 secondnfeet the3~
“backwater surface will'be: e mux;mum af about Oo ;foot ‘above ‘the =

":prcsent Wﬁter surface.f;_ '

.;thQ£ the rallroad under;uresent GOndlﬁléHS,“
;for dlscharwes up to 400 COO aecond-fnet g

_T_:‘above thc thtlo DaTles,_ ter the resbrv01r 1s'1n 0perat16n,' :
. be lower then ithe matural wator surfzceelevation for greater dis- .
'; churges.x h.further studj wus madu to determlna whethor.;t would be; S

S .P o

‘ratlng curve” at: gage 11 wlth the baokwater ratlng curve at gnge*lS
o (figure ) shows]that no ‘amgunt of excavation would restore naturdl
. eonditions below 'dlscharge 0f.297,000 “second-feets . The .channel:
o :1mnrovcment curve,‘thcrcfore, must be qsympuotlc to sthis" dlscharge
o+ 78S shown on flgure 9.;; “This: curveindicates ‘thet plan 16" roprcsents
'\.fabout the Timit of ‘economic. excavatlon and ‘that: approxlmately e

$:270,000" cublc yords of ‘additional excavotion would ibe required: toﬁ

3.reproduce ‘natural:conditions: atf"dlsuharge -of" a50 ,000:second - febt,

Plen5 g accordlnwly recommendod.' :

'~;S; Conclu51ons." ,‘I,cdncludé&f'f“

H-of backwatar for dlscharges belcw 100 000 sucond-feet but ho}h :
“of "demage ‘is ‘involved thereby,‘because the‘water surfaee clevat1on_x'rj"
-,farfthese dlschurgas w1ll ‘be 1r0m 0 to 12 feat below the naturnl flcw~-




fstage for mean annual dlscharge._:There w1ll be about 1 5 to:l (0]
feet of backwatar ‘gt extreme high: flows, W1th about_l“Oﬂfoot ‘at
;ordlnarytfload ‘stages, there belng no backwater for & discharge of

.‘ﬁlff OO”OOO”second-feet. B

; ’-’”hat w1thou nnel 1mprovement and Ath | full .
volr,backwater ‘elong ‘the/rdilroad :above the' thtlexDalle‘ﬁ'“
ifrom:2 *£0 710 ‘Peet : h:gher than ‘ot present Loy, ‘discharges rangin
’between '650,000 :and . 300,000 ‘second=Leet and” that forfdlzchurg

1n the nelwhborhcod of 450 DOO second-feet '

L ; “hat” for dﬁscharges lgssvthan 50 OOO:second»feet,
n0331ble ta” lower ‘backwater : ‘et “the: Internatlon_ : ( l
lcwerlng the water surface ofiColumbla Rlver Reservclr.'

< ‘ ”hat by channel_lnprovement plan 5 at‘the .le D les, -
thc backwater for reservoir ‘water surface at’iélevation 1290 ‘oan be e
‘50 reduced. that it Lies below the ordlnaryfhlgh-water elevatlon of .
natural ‘flowiat the. Internatlonal‘Boundarwaor floodslof}less than "
1335, 000 second-feet 1iesbelow: h ﬂpresent water .surfecefor. floodsé;
grsater “than"400, OOO second feet wend "will noti'be ‘more- th ]
.above ‘the-, present water Qurface for . Tloods “betweon’ 535 OOO
Peet and 400 DOO second-feeto~r‘“*__;,_““u”,,ﬂ,,‘.,”

(e) That by thls *mnrovement and w1th 8- full-reserv01 ,‘thew;ﬁ,
'ater surface ‘along ‘the ireilroad .above the Little :Dulles will be no.
hlgher sthan under prnsent .conditions ~for-a- :discharge of 400;000..
second:feet ‘and: Wil “be. lower than' under “present- condltions for’

- ‘greater’ dlscharves by amount up”to bout 10 feet for a.discharge off
650 000 - second-feet. ’ :

L (f) That, channcl 1mprovemsnt at the thtle Dallos, accord;ng;
“to excavetion plan 5, :affords a satlsfactory solutlon .of the baclk-
rmater nroblemhand addztzon&l ercavatlon 1s not economlcally gus
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