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UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMAT ION

. Branch of Design and Construction Laboratory Keport No. 6
Engineering and Geological Control Hydraulic Laboratory
and Research Division Compiled by: J. E. Warnock

Denver, Colorado
April 9, 1936

Subjectd Diversion of river through west cofferdum area -
Grand Coulee Dam - Columbisa Basin Projecte

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 diversion
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 wus begun immediately
based on contractor's drawing D-207 (figure 1) and U.S.B.K. 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 Test 1, table 1. The tops of sections 8 to 30, inclusive,
7ere built to elevation 1010 and 1005 as shown on U.S.B.k. 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 260 if it developed that
additional discharge capacity would be required as a result of the model
studies.

The model was completed ready for observation on January 31, 1936.
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 380.
Phile 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 1. Observations (Test 2) were made on this

arrangement consisting of water 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 shown 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 Engineer S. H. Foodward,
Mason-Walsii-Atkinson-Kier Co., visited the luboratory accompanied by
Engineer J. J. Hammond and myself. In the course of the observations,
it was noticed that with a disch:urge of 500,000 second-feet passing
through sections 32 to 37, 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 elevution 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 lengtn and the decision was
made to construct section 31 to elevation 13010 to proviue for the con-
crete cooling towers and to omit section 30 above elevation 360. A pro-
gram of further tests was developed based on these decisions.

A telegram was 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 thut the 25-foot sections,
being free of obstructions, could be used in combination witn sections
13 and 30. At the same time, attention was called by Engineer Hammond to
the undesirable condition which might prevail snould section 30 be omit-
ted above elevation 960 and 955 due to the necessity of having the re-
inforcing steel around the turbine penstock in that section above these
elevations exposed to the action of the flood flow. Contrzctor's draw-
ing 4-55 (figure 1-A) accompanying the letter of February 29 showed the
location of tne trestle bents in the passageway from section 32 to 39,
inclusive, and the model was revumped to incorporate tais feature and
the progrum of testing revised accordingly.

On March 16, Engineer C. D. KRiddle 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 tne 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 downstream, 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
eliminated by making Blocks 4, B, C, and D at elevation 960, Block E
at elevation 940, Block F at elevation 325 and Block C at elevation
920. Tne 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. 7The condensed program is shown in Table 1 wita 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, 3 and 4 for 500,000 second-feet in Test 1l. 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. i reel of 16 mm. motion
picture films is being prepared and will be ready as soon as the titling
is 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. From the extremely close
grouping of the headwater data for Tests 6 to 9, inclusive, 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
decreese in the head differentisl; 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 eacnh run as indicated to show the condition of the
river bed. The river bed was restored to its original condition (figure
1 and plate 3) 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



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 1limit the length of each run due to the necessity of expediting
the test program, 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 were 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, "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 tailrace slope ..."

The velocity distribution at sections 2, 3 and 4 is shown on
figures 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 9, inclusive, indicated that
Test 7 or 9 would give the most sutisfactory results. Accordingly,
Test 10 was made as a repetition of Test 9 to obtuin 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 dif ferential
through the passageways and (2) to the lesser scour in the river channel

and along the riprapped slope.
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Test 8

Test 9
Erosion below Dam after a Discharge of 500,000 Second-feet.
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Erosion below D after a Discharge f 00 000 Second-feet
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GRAND COULEE DIVERSION MODEL Plate III
Scale Ratio 1:120 Test 10.

Flow through openings over blooks 13, 15,17,23,25,29,
30 and 32 to 38 inclusive. Each of these bloocks except

No. 30 level on top. Cribs upstream from blocks 31 and
39. Stregmlined trestle bents in place.

Tailrace and Downstream Side of Dam

_-a.
=3
Side of Dam

// Condition of River Bed before Test



GRAND COULEE DIVERSION MODEL
Socale Ratio 1:120 Test 10

Flow through openings over blocks 13,15,17,23,25,29,
30 and 32 to 38 inclusive. Each of -these blooks except

No. 30 level on top. Cribs upstream from blocks 31 and
39. Streamlined trestle bents in place.

PLATE IV

Looking Upstream from Right Bank

b

Close up of Spillway Section
Showing Trestle Bents.

Condition of River Bed before Test.



GRAND COULEE DIVERSION LIODEL PLATE V
Soale Ratio 1:120 Test 10
Flow through openings over blocks 13, 15, 17, 23, 25, 29,
30 and 32 to 38 inoclusive. Each of these blocks except
No. 30 level on top. Cribs upstream from blocks 31 and
.39, Streamlined trestle bents in place.

Discharge 100,000 Second-feet.
Discharge 200,0C0 Second-~feet.

Flow Conditions during Diversion of the River
through Left Powerhouse and Spillway Sections



GRAND COULEE DIVERSION MODEL |
Seale Ratio 1:120 Test 10 PLATE VI

Flow through openings over blocks 13, 15, 17, 23, 25, 29,
30 and 32 to 38 inclusive. Kach of these blocks except

No. 30 level on top. Cribs upstream from blocks 31 and
39, Streamlined trestle bents in place.

Looking Upstream from lLeft Bank.

Loéking Downstream from Left Bank.

Flow Conditions with Discharge of 300,000 Second-feet.



wrAND COULBL DIVAROSIUN NMODLL

Scale Ratio 1:120  Test 10 PLATE VII
Flow through openings over bloeks 13, 15, 17, 23, 25, 29,
30 and 32 to 38 inclusive. Each of these blocks except

No. 30 level on top. Cribs upstream from blocks 31 and
39, Streamlined trestle bents in place.

Discharge 300.000 Second-feet.

" Below Bucket of Spillway Seotion

E-=

. ‘_ﬂp__,ﬂ#“"‘f‘f.

Downstream trom “allrace Riprap Section

Erosion below Dam after a Discharge of 300,000 Second-feet.



e ——-

e ———

R N B S N W
u

GRAND COULEE DIVERSION MODEL FLATE VIII

Sow M ohe s vt 800k S0 13, 10, 28, 25, 29,
30 and 32 to 38 inclusive. Each of these blocks except
No. 30 level on top. Cribs upstream from blocks 31 and
39. Streamlined trestle bents in place.

Discharge of 400,000 Second-feet.

Wooden Crib at Upstream End of Block 39 - Discharge 500,000 Second-feet.

Flow Conditions during Diversion through Left Powerhouse and Spillway Sections.



GRAND COULEE DIVERSION LODEL PILATE IX
Seale Ratio 1:120 Test 10

‘Flow through openings over blocks 13, 15, 17, 23, 25, 29,
30 and 32 to 38 inclusive. Each of these blocks except
No. 30 level on top. Cribs urstreem from blocks 31 and
39, Streamlined trestle bents in place.

Flow Conditions through Spillway
Section with Discharge of 500,000
Second-feet.



GRAND COULEE DIVERSION LODEL -
Scale Ratio 1:120  Test 10 PLATE X

Flow through openings over blocks 13, 15, 17, 23, 25, 29,
30 and.32 to 38 inclusive. Each of these blocks except

No. 30 level on top. Cribs upstream from blocks 31 and
39. Streamlined trestle tents in place.

F‘

r

Upstream Side of Danm.

| - — e et e e etee et et a—— e e = l
River Chanrel below Dam and Left Bank below Riprap.

Downstream from Overflow Section
Erosion after a Discharge of 500,000 Second-feet.



GRAND COULEE DIVERSION MODEL

PLATE XI
Scale Ratio 1:120 Test 11

Flow through Openings over blocks 13, 15, 17, 23, 25, 27,

29 and 32 to 39 inclusive.

top.

Each of these blocks level on
Pier upstream from block 31.
bents in place.

St;eamlined trestle

itailrace and Downstream Side of Dam.

e e Wi N S | e

=—F g

Upstream Side of Dan.

Condition of River Bed before Test.



GRAND COULEE DIVERSION MODEL
Scale Ratio 1:120  Test 11 PLATE XII

Flow through openings over bloecks 13, 15, 17, 23, 25, 27,

29 and 32 to 39 inclusive. Each of these blocks level on
top. Pler upstream from block 31l. Streamlined trestle
bents in place.

Looking Upstream from Right Bank.

Close up of Spillwey Section
Shewing Trestle Bents.

Condition of River Bed before Test.



GRAND COULEE DIVERSION LICDEL PLATE XIII
Seale Ratio 1:120 Test 11

Flow through openings over blocks 13, 15, 17, 23, 85, 27,
29 and 32 to 39 inelusive. Each of these blocks level on

top. Pier upstream from block 31l. Streamlined trestle
bents in place. o

he River
tions

Discharge 100,000 Second-feet.
d Spillway Se

Ppischarge 200,000 Second-feet.
low Conditions during Diversion of -t

through Left Powerhouse an

[y



GRAND COULEE RIVERSION MODEL : PLATE XIV
Soale Ratio 1:120 Test 11

Flow through openings over blocks 13, 15, 17, 23, 25, 27,

29 and 32 to 39 inclusive. Each of these blocks level on
top. Piler upstream from bloeck 31l. Streamlined trestle
bents in place. |

\;\\

Looking Upstream from Left Bank.

Flow Conditions with a Discharge of 300,000 Second-feet.



GRAND COULEE DIVERSION MODEL PLATE XV
Scale Ratio 1:120 Test 11
Flow through openings over bloceks 13, 15, 17, 23, 25, 27,
29 and 32 to 29 inclusive. Each of these blocks,level on

topli Pier upstream from block 31. Streamlined trestle
bents in place.

Below Bucket of Spillway Section

Downstrecm from Teilrace Riprap Section.

Erosion below Dam after a Discharge of 300,000 Second-feet.



GRAND COULEE DIVERSION ALODEL PLATE XVI
Scale Ratio 1:120  Test 11

Flow through openings over bloeks 13, 15, 17, 23, 25, 27,
29 and 32 to 39 inclusive. Each of these blocks level on

top. Pier upstream. fran block 31l. Streamlined trestle
bents in place. _

—

Discharge of 400,000 Second-feet.

Discharge of 400,000 Second-feet.

‘Flow Conditions at Crid Upstream
from bloock 31l.



GRAND CCULEE DIVERSICN LODEL PLATE XVII
Scale Ratio 1:120 Test 11

Flow through openings over blocks 13, 15, 17, 23, 25, 27,
29 and 32 to 39 inclusive. Kach of these blocks level on

top. Pler uvstream from block 3l. Streamlined trestle
bents in place.

Left Bank.

Looking Downstream from Left Bank.

Flow Conditions with a Discharge of 500,000 Second-feet.
|



GRAND COULEE DIVERSION LODEL
Secale Ratio 1:120 Test 11 PLATE XVIII

Flow through openings over bloeks 13, 15, 17, 23, 25, 27,
29 and 32 to 39 inclusive. Each of these bloocks level on

top. Pler upstream from block 3l. Streamlined trestle
bents in place.
|

| Upstream Side or vam.

: . [
Left Bank below Riprap and River Channel below Dam.
T - = L

Downstream from Overflow Section.
Erosion after a Discharge of 500,000 Second-feet.





