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Laboratory Report No. 6 
Hydraulic Laboratory 
Compiled by: J. E. Warnock 

Subjectl Diversion of river through west cofferdam area -
Grand Coulee Dam - Columbia Basin Project. 

On October 19, 1935, Construction Engineer F. A. Banks, U. S. 

Bureau of Reclamation, Coulee Dam, and Engineer c. D. Riddle, Mason­

Walsh-Atkinson-Kier Co. , visited the hydraulic laboratory at Fort Col­

lins, Colorado, at which time model studies of the proposed di version 
through the west cofferdam area were discussed. In a letter of Novem­

ber 11, a set of contractor's drawings were received. Design and con­

struction of a model to a scale ratio of 1:120 was begun immediately 

based on contractor's drawing D-207 (figure 1) and U.S. B.R . drawings 

222-D-914 and 222-D-917 (as revised 9-21-35), which showed the general 

plan and sections of the diversion conditions. 

The model as originally built had the sections 31 to 39, inclusive, 

as shown in 'l'est 1, table 1. The tops of sections 8 to 30, inclusive, 

,·ere built to elevation 1010 and 1005 as shown on U .s. B.h. drawing 

222-D-914 and 222-D-917 and joints were placed in the model so that the 

sections could be removed to elevation 950 and 960 if it developed that 

additional discharge capacity would be required as a result of the model 

studies. 

The model was completed read;y for observation on January Jl, 19J6. 

The adverse conditions of flow through section 31 and over the power-

house training wall led to the raising of that section to elevation 1005 

and the powerhouse training wall to its ultimate height of elevation 980. 

�hile this alteration cut down the effective discharge area of the flood­

way, the training wall served to prevent the spreading of the stream to 

the left into the tailrace. That was the status of the model when you 

inspected it on February l. Observations (Test 2) were made on this 

arrangement consisting of wuter surface profiles through the floodway 

and point gage and velocity traverses in the narrow portion of the 



... 

tailrace channel between the downstream cluster of cellular cofferdams 
and the riprapped slope shov;n as section 1 on figure 1. The tailwater 

rating curve used and the headwater rating curve obtained in Test 2 is 

Shown on figure 2. The point gage traverses of section 1 for Test 2 is 

shown on figure 3. 

On February 24, 25 and 26, Consulting EnEineer s. H. �ood�ard, 

Mason-Wals�i-Atkinson-Kier Co. , visited the 11:1.boratory accompanied by 

Engineer J. J. Hammond and myself. In the course of the observations, 

it was noticed that with a discharge of 500,000 second-feet passing 

through sections 32 to 31, inclusive, large eddies developed in the tail­

race causing some erosion on the riprapped slope. Fifty-foot sections 

were removed in the powerhouse area to elevation 960 and 955 to provide 

additional water passages thus establishing a current through the eddies, 

improving flow conditions and reducing the head differential through the 

passages. The advisability of omitting either or both sections 30 and 

31 above elevation 960 was discussed at some length and the decision was 

made to construct section 31 to elevation 1010 to provide for the con­

crete cooling towers and to omit section 30 above elevation 960. A pro­

gram of further tests was developed based on these decisions. 

A tel�gram w�s received on February 29, confirmed later by a letter 

from Construction Engineer Banks, saying that the fifty-foot sections 

in the powerhouse area could not be used as flood passages on account of 

the trestle bents and bracing. It was suggested that the 25-foot sections, 

being free of obstructions, could be used in combination witn sections 

lJ and JO. At the same time, attention was called by Engineer Hammond to 

the undesirable condition which might prevail should section 30 be omit­

ted above elevation 960 and 955 due to the necessity of havinf the re­

inforcing steel around the turbine penstock in that section above these 

elevations exposed to the action of the flood flow. Contr9.ctor 1 s draw­

ing A-55 (figure 1-A) accompanying t..�e letter of February 29 showed the 

location of the trestle bents in the passageway from section 32 to 39, 

inclusive, and the model was revamped to incorporate this feature and 

the program of testing revised accordingly. 

On March 16, Engineer C. D. Riddle visited the Fort Collins labora­

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

model tests. It was decided to incorporate the trestle bents in sections 



32 to 39, inclusive, and in section 30, into piers by filling in be­

tween the I-beams in a plane normal to the axis of the dam and adding 
a nose and tail upstream and do�nstream, respectively. The floor of 

all water passages were made level at the elevation of the highest 

blocks in each section. The undesirable condition in section 30 was 

elim\nated by making Blocks A, B, C, and D at elevation 960, Block E 

at elevation 940, Block Fat elevation 925 and Block C at elevation 

920. 1be use of a crib upstream from section 31 was considered as a 

means of improving the flow conditions. 

A final program consisting of 11 tests was developed incorporating 

all the changes suggested by both the contractor and bureau engineers. 
To expedite the completion of this program, Tests 3 and 4 were deleted 

entirely. The condensed program is shown in Table 1 with the arrange­

ment of the blocks and the data that have been or will be obtained from 

each test. At the time of the preparation of this preliminary report 

all of the data had been taken except the velocity traverse at sections 

2, J and 4 for 500,000 second-feet in Test 11. All of the material in­

dicated in the first six data columns of Table 1 is included in this 

report except the above-mentioned omission. The additional data will 

be compiled and submitted in the near future. A reel of 16 mm. motion 

picture films is being prepared and will be ready as soon as the titling 

1s completed. 

The headwater and tailwater curves are shown on figure 2. The 

marked decrease in head differential can be seen in a comparison of Test 

2, where only sections 32 to 39 inclusive, were used with any other test 

where additional sections have been omitted. r'rorn the extremely close 

groupinr of the headwater data for Tests 6 to 9, inclus.ive. there ap-

pears to be a limitation beyond which the omission of additional sections 

produces an extremely small reduction of the head differential. The use 

of the cribs at the upstream face of section 31 and 39 cause a marked 

decrease in the head differential; more so in Test 10 than in Test 11. 

The traverses at sections 1, 2, 3 and 4 (figure 1) were made at 
the conclusion of each run as indicated to show the condition of the 

river bed. The river bed was restored to its original condition (fiE>,ure 

1 and plate J) at the beginning of each test so that the cross-sections, 

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

3 



Tests 10 and 11 was caused by the longer length of time in those tests 

as compared to Tests 6 to 9, inclusive. It was necessary in Tests 6 to 

9, to limit the length of each run due to the necessity of expediting 

the test pro€ram, but in Tests 10 and 11, sufficient time was allowed 

for the river bed to reach a state of equilibrium. In tests 6 to 9, 

inclusive, the river bed conditions wer� obtained by increasing the 

discharge by increments of 100, 000 second-feet until the total dis­
charge was established. The flow at each increment was maintained for 

fifteen minutes or as in the case of 500, 000 second-feet, the total dura­

tion was one hour and fifteen minutes. This procedure did not neces­

sarily allow time to establish equilibrium, but it did serve as a basis 

of comparison. 

The velocity distribution at section 1 is shown on figures 8 to 

13, inclusive. This section was established as requested by Engineer 

Riddle in a letter to construction Engineer Banks on February 7, which 

said, 11 It might be useful to us to have such preliminary data ••• the 

velocity at the restricted point between Section G of the cofferdam and 

the ta.ilrace slope ••• 11 

The velocity distribution at sections 2, 3 and 4 is sho�n on 

fipures 14 and 15. These sections were established to comply with your 

request for velocity data to present to the consulting board at their 

meeting at Coulee Dam on April 13. 

The results obtained from Tests 6 to 9a inclusive, indicated that 

Test 7 or 9 would give the most satisfactory results. Accordingly, 

Test 10 was made as a repetition of Test 9 to obtain detailed data and 

incorporate the cribs at the upstream end of sections 31 and 39 and 

Test 11 was made as a repetition of Test 7 with a crib at the upstream 

end of section 31. 

From the results of Tests 10 and 11, it is believed that the former 

is more satisfactory due (1) to the reduction of the head differential 

through the passageways and (2) to the lesser scour in the river channel 

and alon� the riprapped slope. 
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GRAND C OULEE DIVERSION MODEL 
Saale Rati o l : 120 Test 10 . 

Plate I II 

Flow through openings over bloaks 13 , 15 , 17 , 23 , 25 , 29 ,  
30 and 32 to  38 ino lus ive .  Eaoh ot the se blooxs exoept 
No . 30 level on top .  Cribs upstream fran blooks 31 and 
39 . Streamline d trestle bents in plao e .  

Tailraoe and Downstream Side of Dam 

Si de of Dam 

Condi ti on of  Rive r Bed before Test 
I 
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- - I 
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GRAND C OULEE DIVER SION MODEL PLATE IV 
Saale Ratio 1 : 120 1Test 10 

Flow through openings over blooks 13 , 15 , 17 , 23 , 25 , 29 ,  
30 and 32 to 38 ino lus ive . Eaoh ot · these blocks except 
No . 30 level on top . Cribs upstream from blocks 31 and 
39 . Streamlined trestle bents in plao e .  

I 
I 
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I I 
I I 
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Looking Upstream f rom Right Banlt 

. ,,,,, 
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I I 
I 

I • 
C lose up of Spillway Sec't ion 

Showing Tres tle Bents .  

• i 

Condi ti on of Riv er Bed before Test . 
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GRAND C OULEE DIVERSION MODEL 
Saale Rat io  l : 120 Test 10 

Flow through open ing s  over blocks 13 , 15 , 
30 and 32 to  38 inclusiv e .  Each of these 
No . 30 level on top .  C ribs  upstream fr<f 
39 . Streamlined trestle bent s in place .  

PLATE VI 

17 , 23 , 25 , 2 9 ,  
blocks exc ept 
blooks 31 and 

Looking Ups �ream from Left Bank . 

\ 

Looking Downstream from Left Banlc .  

ilow Condit ions wi th Dis charge of 300 , 000 Second-feet . 



�nANU �OU�.EE DIV ERSION MODEL 
Scale Rati o 1 : 120 Test 10 

Flow through openings over blocks 13 ,  15 , 
30 and 32 to  38 inclus ive . Each of thes� 
No . 30 leve-1 on t o p .  Cribs upstream from 
39 . StreQmlined trestle bent s in plao e .  

l>LATE VI I 
17 , 23 , 25 , 29 , 
blooks except 
blocks 31 and 

Disc harge 300 , 000 Seoond-feet . 

, 

- - Below · 1fo.cke t o f  Sp ill way Seo ti on 

Down s t ream from r:-i ailrac e Ri prap Sect  i on 

Ero s i on below Dam aft er  a Dis c ha rge of 300 , 000 Seco nd- fee t .  
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GRAND C OULEE D IVERS ION MO DEL PLATE IX 
Saale Rati o l : 120 Tes t  10 

, Flow through open ing s  ove r blocks 13 , 15 , l 7 ,  23 , 2� , 29 , 
30 an d  32 to 38 i nclusive .  Each o f  these blooks exo ept 
No . 30 level on top .  Cribs up stream from blocks 31 �d 
39 . Streamli ned t restle bents i n  plao e .  

Flow C ond iti ons through Spill•Y 
Secti on with Discharge o f  500 , 000 

Seo on d-f eet . 



GRAND C OULEE DI VERSI ON MODEL 
Sc ale Rati o 1 : 120 Test 10 

Flow t hrough open ings over blocks 13 , 15 , 
30 and . 32 to  38 inclus ive . Eac h of these 
No . 30 level on t op .  C ribs upstream from 
39 . S treamlined trestle bents in plac e • • 

1 • I 

Upstream Side of Dam . 

L.__ __ ----- -- --··---·· -- •. •.•  

PLATE X 

17 , 23 , 25 , 29 , 
blocks exc ept 
b locks 31 and 

River Channel b elow Dam and Left Bank below Riprap . 

I 
! 

Downstream from Overflow Section  

I 

l 
I 

I 
! 
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j 
I 

/ Ero s ion aft er a Discharge of 500 , ooo Second- feet . 



GRAND C OULEE DIVERSION MODEL 
Saale Rat io l : 120 Test ll 

PLATE ll 
Flow through Openings over blocks 13 , 15 , 17 , 23 , 25, 27 , 
29 and 32 t o  39 inclus ive . Each o f  these blocks leve l on 
top .  Pie r upstream fran bl ock 31 . Streamlined trestle 
"bent s in plac e .  

�l' ai l.'race- and Downstream · s i de of Dam . 

Upstream S i�e of Dmn . 

Condi t i o n  of R iver  B ed before T est . 



GRAND C OULEE DIVERSION MODEL 

Scale Rat io, l :  120 Test ll PLATE XI I 

Flow through open ings over blooks 13 , 15 , 17 , 23 , 2 5 ,  27 , 
29 and 32 to 39 i nclus ive . Each of the se bloc ks level on  
top . Pier  upstream from block 31 . Streamlined trestle 
bents in  plac e .  

I 
I ,  

Looking Upstream from Right Ban.le . 

Close up o f  Spillway Seoti on 
Shwwing Trest le Bents .  

C ond iti on o f  River Bed bef ore Test . 
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GRAND C OULEE JDIVERSION MODEL : PLATE XIV 
Saale Ratio  1 : 120 Test ll 

Flow through openings over blooka 13 , 15 , 17 , 23 ," 25 , 27 , 
29 and 32 to  39 inclus ive . Each of these ·  blocks level on 
top.  Pier upstream from blook 31 . Stre8ll\l1ned tre stle 
bents  in plac e .  

\ _ _ _ 

•. 
Looking Upst ream from· Left Bank • 

. ·-· --- - - ·· --- --·· · ·--·- - -- 4-·-- --..-.- . - · ------ --.�---

Flow Condit ions wi th a Di scharge of 300 , 000 Sec  ond.-feet . 
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lGRAND COULEE DIVERSION MODEL �UTE XV 
Scale Rat io  1 : 120 Test 11 

Flow through open ings over blocks 13 , 15, 17 , 23 , 25 , 27 , 
29 and . 32 to 29 inclusive . Each of these bloc ks . level on 
topl Pier upstream from block �l. Streamlined tre stle 
bents in p l ac e  • 

!3_e.low Buc·k�t. _of ___ Sp_illway Section _______ . --- 1 

. I 
Downs tre �m from Tailrac e Riprap S ection .  

Eros i on be low Darn after a Disc ha rge of  300 , 000 Seco nd-fee t .  
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GRAND COULEE DIVERSION MODEL 
So al e Rat io  l :  120 T e st ll . 

PLATE XVI 

Flow th rough openings  over blooks 13 , 15 , 17 , 23 , 25 , 2 7 , 
29 and 32 to 39 inc lus ive . Eaoh of these blocks leve l on  
t op .  P i e r  ups t re am .  fr an blook 31 . � Streaml ined trestle 
bent s  in -plac_e � 

I _  

Di.so ha rge ot 400 , 000 Second- f·e et . 

_ _ _ _  D .1s c harge of 40� ,ooo Seco nd-feet . 

· Fio w' C ond.1t 1ons at C rib Upstream 
from block 31. 

\ \ 



(}RAND COULEE DIVERSION MODEL 
Soale Ratio  1 : 120 Test 11 

PLATE XVI I  

Flow through openings o ver bl ocks 13 , 15 , 1 7 , 23 , 25 , 27 , 
29 and 32 to  39 inclus ive .  Each of  th ese b locks level on  
top .  Pie r ups tream from b lock 31 . Streamlined trestle 
bents in plac e . 

Left Bank. 

Looking Downstream from Left Barut . 

Fl ow Conditi o ns w ith a D is charge of  500 , 000 Seo on4-�e9t . 
\ 
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GRAND C OULEE DIVERSION hlODEL 
Scal e Rat i o  1 : 120 Test 11 PLATE XVIII  

now through open in gs o ver blooks 13 ,  15 , 17 , 23 , 2 5 , 27 , 
29  and 32 to 39  inclus i ve . Each of  thes e bloo ks level on  
t op .  Pie r  upstream from block 31 . Streamlined tre s tle 
bents r  in  plac e .  

I • Upst ream ::i1<1e  , or .JJam . · 
·- ·-• • M -• - - � · - · - · - - ·  • • - - . , o  

. 
Left Bank b e low Riprap and River C hanne l . b elow Dam. 
I .--- - - . . - .. . - -- - - - -�----- . . . - ---- - -- -- - -

Downstream from Ove rflow Section .  
Eros ion after a Di scha rge of 500 , 000 Second- fe et . 
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