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UNITED STATES,. 
DEPA~TMENT!:OF THEINTERIOR 

BUREAU OF RECLAMATION 

Branch of~Desi{n and~o0nstruc'tio, 
Engineerin~ =n~ GeologicAl;Centre 
and Research Division .... 

Denver, Colorado 
April 9, 1936 " ~ . . . .  

Subject~ Diversion of river 
Gr~nd Coulee~Dam - 

On October 19, 1935, C0nstm 
, • < - , ¢ , .  - . . , ,  

Bureau of Reclamation. COuleei~Da, 

alsh-Atkinson-Kler:  Co. ,  ~ v i s i t e d  

l i n s .  Colorado, at  which ,ti~eJ:;:mo, 

/ -  
f f 

r e  : : ,  • :~ 

through the west cofferd~;~area, 

bar U. a set of contractor. i!i  ,  .,. : ÷,ceiV.d  and i' con  
struction of a model:to a~sc~b ra~io~ of iii'~ilw~6 

based on contractor,s draw and 

plan and sections of the~diverelon J~onditi0ns.~/~ • . ...... . , ~ .  ~ ~ ~,.~, 

.ne,,model as or " :': 

as sho~n:in Test l, table.:l,/ i.The.:~' 

:-:ere built to elevation lOlO~amdi~lO0 

studies: 

The model was 

The ad erse conditions of flow-through, sectlon31:ana o~ 

house training w~ll 'led iito ~e rals~ ! Ofi:~at'section.-1 

way, the tra£nIDg wall /e~erved to.prevent the" spreading ell the stream~ito 

the l e f t  into the t a i l r a c e ,  That--was. the" status Of the  model ~ e n  #ou 

inspected i t  on February 1 .  Observations (Test 2) were made:on t h i s  

arrangement consisting of water era'face profiles through the fl~dway 

and point  gage and v e l o c i t y  traverses in  the narrow, portion of  the 



tailrace channel between the downstream cluster of cellular cofferds~l 

and the riprapped slope shownas section~l on-figurel. The tailwater 

~ratin£ .curve used an'd t~ei~headwateri:rat£~..~e ob~a~ed in-Test2.i~ ,,. ...... :, ' 

shown on figure 2. ~he " point gage,traverses:i0f secti0nil.i~ior;Test I 2iI 

On Februax 

Mason-Wals~-A, tk 

Engineer J. J, 

it was noticed that With:a discharge~6 ..... 

T 

additional water passages 

improvin£ flow conditions 

passages. The advisabili~ 

31 above elevation 960wasdiscussed~at:some 

made to construct section 131 to elevation'lOl 
clsion:was., : 
the .con- 

,I 

A t e l e g r a m  was .. 

from Construction Engineer; Banks, saylng~;~,that,:the flf,ty, f~sot ~.sec:tionsO -.i ,:~;~ 

in the powerhouse area ,could:not :be iused,i~ 

the trestle bents and ,bracing..-It: was ~sul 

being free' of obstructions, could beused 
~- . ...... .... • . . . .  

13 and 30. At the same t~i~p attention ,was H~.~i.;~o~!ill ~I 

the undesirable condition whiCh:: might .prevail :should section~,:-30 be~,Omit' 

ted above elevation 960 and 1955 due~to the nece 

£nforclug steel around the,turbine penstock~£n 

elevstions exposed to ,the action of ,the flood flow,. ~ i~.Con~.~c~r ~'~:::~'~ ' ''s ~dra~-~., , 
' ';" :: ~'~': :.,,,;'," :'i'L :' :',': 

in~, A-55 (figure i-A) accompany.ing the letter of, Februa~-29 showed'the > 

location of the trestle bent~ in the 

inclusive, and the model .was revamped 

the program of testing revised accordingly.~ ,: 

On March 16, Engineer C. D. Riddle visited ~he Fort Collins i labors- • ~' " O 

tory, and on March 17, the Denver office, "to witness and discuss the 

aodel tests. It was decided to incorporate the trestle beats in sections 

2 



32 to 39, inclusive, ands,in section 30, into p~ers .by filling .. in be- 

tween the I-beams !n ~plane normal to the axls:0f the ~dam andaddlng 

nose and tail up.stre,~a :an.d downstream; ~ respect'iv~ely.~ The :floor eli: 

ull water passages were imade ~evelat i 

blocks in each section. : be undeslrab~ 

eli~nated by making Blocks A~:i~B, ~C, az 

at elevation 940, Block:F at~!~eleva~ti0n 925 ~and: Block~0 :at ~, elevationi~ i - 

920. The use o£a .crib~`upstr~am:.fro~..:se~ct.i~n.i~.3~:.~!wa~.~.c~n~id~r~id:~:~;s~.~:.~.:~ : " ."i. 

.means of improving-.the :.f~ 

A final program con! .. 

all the changes suggestec 

To expedite the completi¢ -. 

ment o f  the blocks and i:the ~=' 

e,,ch t e s t ,  A t  t h e  t i m e  ~6f %he  i~.i!i: 

a l l  of the data ~hadJbeen %aMen " '~ 

2, 3 and 4 for 1500,000 second~feetzin ;Test ill, : All iof~':thel m~zrlal!i~in_ 

report except .the above-mentioned o~miS~ion, i~i ;Theadditioh~ :~;~i~'w~li ' ~; :ii 
be compiled a n d  submittedin: the :nerar"rU~':~ ":' : ..... " " 

is completed. " " ' ' :...:'. ~' ..... - 

The headwater ~and-,tailwa%e - - 

marked decrease in .headdlffere " 

where additional sections'~have ~ ...~ 

groupin£ o£ Yk, e rheadw~r :.d~:.~A~ £.or.Tests~6.toi9 , inc.lusive, ~ere~"~,' " " 

produces an extremely small reduction :of:~.':%he:.head 

o£ the cribs at the upstream face of .section 31 a, 

decrease in the ~bead dlfferent!~l; : m o r e - : s 0 : I n : T e ~  

the o o . c l u s i o n  of  .ea  as i di atea'   the  onditi0n: :or 

river bed. The river bed was restored %0 its .original condlti0n (figure 

1 and plate ~3) at the beginning of each test so that the cross-section|, 

figures 4, 5, 6 and 7, are comparable. The increase of scour shown in 



Tests i0 and ii was caused by the longer length of. time in those tests 

as compared to Tests ,6::to 9, !in'clusi~e. ':~'i%:i!w~s~ine!cessa , i:in :Tests i~6;: o .... 

9, to limit the length LOf each run~/due-:to ;~ .... 

the test Pr.-ogram, hut in Tests LIO ~and Iio ..... , 

for the river b e d  to r e a c h  ~,a ";to~9 

i n c l u s i . v e ,  t h e  r i v e r  b e d " i c o n d i t i o n s  wl ,~..the ~''r: :" 

disch~:rge by i crements~.:of!':lOO,OOO,,se¢ ~.d~s-'/:i! .... " 
~,/L - /" 5:*, L , * . . . .  

charg,D was established, il ~ he flow .lat~ /each in~c~rement'i:~w:a:s!~ma'iflta~ne~d!for ;-:,~ :.~ 
fifteen minutes or as in..~ 

tion was one hour and fift 

sarily allow time to :estab 

of comparison. . .. 

The velocity distrlbu 

13, inclusive. This sectl 

Riddle in a letter 

said,"It might be '1 

velocity at the re 

the tailrace slope ...- . " "~ ......... : 

The velocity distribution al iS"sHo~: on ,: 

fi~,ures 14 ,and 15. These Sec%ions .were es~ablis 

request for. velocity da.ta-~o present .to the.consultlng, board"at...%heir ..i.:.~',:~:: 

meetin~ at Coulee Dam lonApril 13. . . . . .  : 

The results obtained from Tests 6;,:t: 
• .. .~~ : 

Test 7 or 9 would give ,the most: satisfsc~ 

Test I0 was made as a r e p e t i . ~ i o n  ,of..Tes~;! 

i n c o r p o r a t e  the  c r i b s  at~ .~he ~ s ~ r e ~ " : i l e n d  i o f / s e c t i o n s  

Test ii was made .as a re :,of::Test.:7 with a:crlb at. the" upstream 

end of section 3!. ' ' : ..:. : . ,i;.,:., . ~.:..- :.:~.ii!::..:!i:i.,:,:/~i.. '~ :. ! ";: ~..." ~; ::. 

From .the results~ of Tests i0., and .!~ 
~e 

i s  more s a t i s f a c t o r y ; d u e : ; : ( i . ) i t o  the i~redu,  'renti~":i~:::i,: 

throug.h the passageways and (2) ~ the ~;lesser :scoum':in 'the"river:/~e~ 

and a l o n g  the riprapped slope, " " 
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Scale Ratio 1:120 
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GRAND COULE~ DIVERSION ~IODEL 
Soale Ratio l:l~O PLATE II 
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GRAND COULEE DIVERSION MODEL Plate III 
Scale Ratio 1:120 Test i0. 

Flow t h rough  openings over blocks i~, 15,19,25,25,29, 
30 an~ 52 to ~8 Inclusive. Each of these block's except 
No, 30 level on to~. Cribs upstream from blocks 51 an~ 
~.9. Streamlinel trestle bents in plane. 

Tailrace and Downstream Slde of Dam 

; '  L p, 

Upstream Slle of Dam 

C o n d i t i o n  o f  R i v e r  Be~ b e f o r e  Tes t  



GRAND COULEE DIVISION MODEL ,PLA~E IV 
Scale Ratio i:120 Test I0 

Flow through openin~ over blocks 15,15,17,~5,Z6~29, 
50 anf 5~ to ~8 In.lusive. Each of'these bloeks exeept 
No. 30 level on top. Cribs upstream £rom bl0eks ~i and 
59. Streamline~ t~estle bents in place. 

Looking Upstream from Right BanA 

Close Up of Spillway Section 
Showing Trestle Bents. 

i 
I 

I 
i 

I 

Conlitlon of .~Iver oe~ before Test. 
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GRA/TD OOULEE DIVERSION uODEL PLATE V 
Scale Ra~io 1:120 ,. Tes~ i0 

Flow ~h~ough 'openings over blocks i~,:15, i?, $5, ~. $9, 
30 an~ 3~ ~o ~8 inclusive. Eaoh: of ~ h e s e  blooks exoep~ 
No. 50 level on ~op. Cribs upstream from blooks }i an~ 
3 9 .  S~reamllne¢[F'~s~le ben~s in Dlaoe. 
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GRAND C0~L~ DIV~RSION MODEL 
Slale Ratio i:120 Test i0 X~LATE VI 

Flow through openi~gs over blocks 15, i~, 17, 23, ~5, ~9, 
30 an~ 32 to 2~ inclusive. Each of these blocks except 
No. 50 level on top. Cribs upstream from blocks ~i and 
39. Streamlined trestle benSs in place. 

Looking Upstream fro~ Left Bank. 

:~•~••i• ~ ~ i~, .' 

. ' • 2 . ' '  . . " - .  , .  

f 

Looking Downstream from Left Bank. 

Flow Conditions with Discharge of ~00,000 Second-feet. 



GRAND 0OULIZ DIVERSION UOD~ 
Soale Ratl o 1.120 To|t i0 PLATE ¥II 

Flow tbJPOugh Openings o v e r  blooZs 13. 15, 17, £3, ~5, 2 9 ,  
30 a n ~ . " 5 2  to  38 i n o l u s i v e .  Eaoh of  Ches 
No, ~ leve,l on t o p .  Cr~ ....... e blook| e : z o e p t  
39. ~treamline~ trestl.'~_~_Ps,~ ~eam. Z~Pom blocks 51 Imd 

* "- -" "~,,~- ~n D~aoe. 

~isc barRe 300.000 

. . . . . . . .  p ~-.L J. wu,:y b e o T ,  l o n  

m 

f 

DOW~ST~ree.m ~'- , - ~-, 

~.~o,n 2a.%lrace -klprap Section 

Erosion below Dam r ". , 
a f I e  a ~,.Lscnarge of  ~00 000 

. ;  _- - - ~  . . . . .  - . . . . . . . . .  , SeCond- f,~,~ ÷ 

I 
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'GR~/~D COULEE DIVERSION MODEL ~L/~TE VIII 
Soale Ratio 1:120 , Test i0 ' 

F l o w  t h r o u g h  o p e n i r ~ s  o v e r  b l o o k s  1 5 ,  I 5 ,  ~ IV, ~ ,  2 ~ ,  ~ 9 ,  
50 and 52 t o  58 i n o l u s l v e .  Each o f  t h e s e  b l o o m s  e x o e p t  
No. 50 l o v e l  on t o p .  C r i b s  u p s t r e a m  from b l o o k s  51 and 
59 .  S t r e a m l i n e ~  t r e s t l e  b e n t s  i n  p l a o e .  
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GRAND COULEE DIVERSION Li0DEL 
Scale Ra~io 1:120 Test !0 ~ 

Flow through openings over blocks l~, 15, 17, 2~, 25, 29, 
50 and 32 to ~8 inclusive. Each of these blocks except 
No. 50 level on top. Cribs upstream ~'rom blocAs ~i and 
39. Strean,lined Zrestle bents in place. 

. ~ _  ~,~:~ 

N 

PLATE IX 

Flov Conditions th~'~h Spill~¥ 
Seot$on wlth Discharge of 500,000 

S e c  o n ~ - f e e t .  



GRAND COULEE DIVERSION AIODEI 
Scale Ra~l o ,i :I~.0 ~.-~.,Tes~ I0 ', PLATE X 

Flow through openings ov.ei'"blocks IZ..16.. 17, 2~*," ~6,.-29i-.- 
S0 an~.32 to Z8 inclusive. ..Each of",these.blo~ks"ex~'ept.. 
No. 30 level on top, Crlbs:ups~ream from blocYLs/~l and ~. 
~9. S treamllne~ trestle, gents in place.. 

J %<., " i  • L 

, ~ "  A~W~I~<.-"!:' . ~--.~_ .-_.-'--.- 
~;~-~.~...~,.~ ~ - .  _ _ _ , ~ ~ I ~ _  --~;. . :- - -_- _ 

L<,~'-~, . ~ "~-,- .,~.~.~,~:~~~i::;::.,....,~.- -..-~, . 

,, , . . , . ,=  . . ~ . . . . , . . . . .  : . . . .  ~ .~ . ,. ~ , . ,  , , . ~ i ~  ; 0 ~ . _ ,  

,:..w... ~,,~". ~ .~  ~. ; , : , '~ .~  ~ ~ . . ~-~.~, . )~, '~DV. ~<~, . ~ ~ ~ . .  

Downstream from Overflow Section 

ILroelon after a Discharge of 500,000 Secona-_~. 

, , ,  , - i~  ̧  

" 7 



"j 

S o L l . e  Ratio 1 : 1 ~ 0  T e ~ t  11  ~ • 
F10w t h r o u ~  Openings over blookll 15, l l i ,  17, 2~, 25, 27, ::~ 

P.9 an~. ~£ to  ~9 inclusive. E~sh of t h e s e  b l o e k s ~ l e v e l  on 
top. Pier upstream fram lo loek ZI. Streamlined trestle 
.ben~ s An plae e. 

!; 

'I 

'l'ailraee and Downstream Side of De2. 

' - ~ i  _ ~  • 

- ~ ~ - ' - '  _ _" . . . . .  --.~.-..--_.:,,i~#~+3~'~...L~'~.,~ ~ '  . ,  

Upstream Si~e of Dam. 

Coz~Lition of River Bed before Test. 
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GRAED COULEE DIVERSION MODEL 
Scale Rat io ,  1:120 Test ii PLATE XlI 

Flow t.hrough openings over blocks 13, 15, 17, 23, .2~,, 27, 
29 an~ 52 to ~9 inclusive. Each of ~heee blocks level on 
top. Pier upstream from block ~i. streamlined trestle bents in place. 

• .~ , ~ ~ . ~  ~.. ~,~ 

"'/%" "' "t ' ' " ' "P'" t 

, ~ , , .  • . " ' ~ , ' , . . , " ~ - : r  ;:~/~ ~ . ~ " . ~ ' ~ . ~ ,  ~ '.a I 

LookinE Upstream from Right ~an~. 

i~ ' ,~: 

Close up of Spillway Section 
Shwwlng Trestle Bents. 

q 

Con~itlon of River Be~ before Test. 



GR4ND COULEE DIVERSXON ~[0DEL PLATE ZIII 
Soal~ Ra~io i:i~0 Test Ii 

Flow t~rough openings over blocks 13, 15, 17, 2~, ~ ,  27, 
29 and 32 to 39 inclusive. Each of these blocks level on 
top. Pier upstream from block 31. Streamlined trestle 
bents in place. 
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GRAND COULEE ~IVERSION MODEL , PLATE XIV 
Scale Ratio 1:120 Test Ii 

Flow through openlngs over blocks 13, l~, i?, 23, 2S0 27,~ 
29 and 32 to 39 inclusive. Each of these blocks level on 
top. Pier upstream from block 31. S~reamllned trestle 
bents in place. 

Looking Upstre~n from Left Bank. 

Flow Conditlo~s with a Discharge of ~00,000 Second-feet. 



,/~RAND COULEE DIVERSION ~IODEL ~LATE XV 
Scale Ratio i:i~0 Test ii 

Flow through openi~gs over blo~ks 15, 15, 17, 25, ~5, 27, 
~9 and 5S to ~9 inclusive. Eaeh of these blocks.level on 
~opl Pier upstream from blcok 31. S~re~lined trestle 
ben~s in plase. 

Below Bucket oi' Spillway Section 

+ b ~ 1 ~ ~b~4 P~ ~ .... 

Do~.~.stream from Tailrace Riprap Section. 

Erosion below D~ after a Disc?mrge of 300,000 Second-feet. 



:Z : ,~ 'i 7[ ̧~, • " ' 

GRAND COULEE DIVERSI ON L IODEL " PLATE XVI : ,,":!': ! 
S c a l e  Ratlo i:120 ~ Test ii , ~ .... , 

Flow through openings over blocks 13, 15, 17, 23,' 2 ~  i ~ 7, ~T~,~ 
29 and 32 to $9 inclusive. Each of these blocks level on 
top. Pier upstream from block 31. Streamlined trestle 
bents in place, ~ 

!I 

Discharge of 400,000 Second-feet. 

D~charge o f  4 , 0 0 , 0 0 0  Second-fee%. 7- 

F l o w  C o n ~ i t i o n a  a t  C r i b  U p e t r e L ~  
f x ~ n  b lo@k ~ 1 .  



GRAND COULEE DIVERSION i,rODEL PLATE XVII 
Soale Ratio 1:120 Test ii 

Flow through openings over blocks 13, 15, 17, 22~, 25, 27, 
nO ~,. and 32 t,o 39 inclusive, iaoh of these blocks level on 
Zop. Pier upstream from block ~l. Stre~nlined trestle 
bents in place. 

Looking Upstream from Left Bank. 
• J 

Looking Downstream from Left Bank. 

Flow Conditions w lth a Discharge of 500,000 Seoond-£ee~. 



GRAND COULEE DIVERSION MODEL 
Scale Ratio 1:120 Tes% ii 

Flow through openings over blocks 13, iS, 19, 25, 2S, 27, 
29 an~ 32 to Z9 inclusive. Each of these blocks level on 
top. Pier u ustre~n from block S1. Streamlined trestle 
bents in place. 

U~s~resm ~l~e o_t ~am. 

~.~ ~ ~ ' ~ . : " ~ ~ ~  

,~.~ , ~/~. , ~.,, •, ~. ..,~ ., . 

~ ~ . ~ , ~ : .  ~ . -..  ~.~, -.~ . . . .  ..... 

Left Bank below Riprap and River Channel below Dam. 

~e 

Downstream from Overflow Section. 

Erosion after a Discharge of 500,000 Second-feet. 

PLATE XVIII 

@ 


