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TRTRODUCTICN

Three hydraulic models of Davis Dam were taested in 1942-1043, and
the resulte are renorted in memorandum to Chief Designing Zngineer,
Hydraulic Laboratory Remort HYD 123, entitled, "Hydraullic Medel Studies

Relating to the Desigzn of the Davis Dam," fTwo of these models were of
sarticular significance in the vresent investigation. The recommended
spillway bucket, referred to in this report as the specification bucket,
wvas evolved from studies on 13100, and 1:48 scale models, The 1:100°
scale model included the spillway, powerhouse, and sections of the river
chennel both upstream and downstream from the structures. The 1:48 model
wag a sectional model used‘to determine the charactoristics of various

buckets and aprons with special emphasis on erotion below the structure,

After extensive tests on both models, the stllling structure recome
mended for construction coneieted of a low bucket vhich served as a
roller bucket for low diecharges and as a trajectory bucket for the
higher discharges,.

Thie bucket is shown schematically in thie report as Test 1, Cost
and tailwater conditions nrevented the use of a hydraunlic jump epron
while much additional excavation would have been necessary to malke use
of a roller bucket for the entire range of flow conditions.

Due to differences in found:tion conditions at the demsite, revealed

during the e-rly stages of construction, the nresent investig:tion wus




undertaken., Extensive teats made on 2 1:72 model indicated essgentlally
the same results as obtained in the earlier tasts, In addition, however,
the dangerous effects of an eddy in the dead wator area downstream from
the nowerhouse and adjacent to the spillway were recognized, and attempts
nade to reduce its harmful effects, The tresent tests were made with

no flow through the nowerhouse which results, probably, in a worse eddy
condition then with flow through the turbines. In the enrlier tests,

the powerhouse was in operntion during all spillway tesis,

This report was reguested by Assistant Chief Engineer Nalder for use
by the consulting board and others resnonsidle for the design of Davis
Dera, The naterizl vresented gives the results of teats made batween
Aoril 1 end July 25, 1947.

SUMMARY

The specification bucket, recomuended as a result of the 1542.1943
teats wos installed in the 1:72 scale model., Erosion was not sxcessive
below the bucket lip, but with no flow through the powerhouse, the eddy
in the dead water erea on the right side extended into the powerhouse
tallrace causing excessive erosion zleng the downstream face of the
nowerhouse, 'nd at the end of the right spillwaey training wall.

To reduce the harmful effects of the eddy, various schemee were tried.
A relatively long hydranlic jump &»ron wneg tested end found to operate
satisfactorily for nresent tailwater conditions, For high discharses
with the unltimate tallwater elevatiion, however, the jump swept out of the
apron and oneration was then similar to the specification bucket,

Present tailwater is the elevation of tallwnter exnected teo obtain
immediately after the gtructure is nloced in operation. Ultimate toila
water will obtain after degrzdation of the riverbed hae occurred. Thus,
ultinate tailwater i(s about 20 feat lower than wresent tallveter, Both
tailwater oprrating curves are shown in Teast 2,

The specific~tion bucket was reinstalled in the model with the lip

at vlevation 490, md the existing rock between the snillway and the




nowerhsuse reproduced in nonerodible concrete, Tests then showed
thnt the erosion at the bucket lip, and in the wowerhouso tailrace
wae reduced since the eddy was reduced in size and intensity. TFor

L
ultimate tailwater conditions, however, the eddy nersisted and tended
to undernine the rock wrojection.-

The snecification bucket wes then raised in steps until the lip
wrs at alevation 515.0. At this elevation, the jet leaving the
ticket was above the tailwater for sll discharges and tailwater oleva-
tions nnd the water was thrown downstream the maximum distance possibles.
The resulting ercsion 'vzs deep near the bucket lin, and the dostructive
action of the eddy was not noticeably reduced. The addition to the
nodel of a gofferdam struecture locnated nesr the line of the right
training-wallyoert of a cofferden necesgary for prototype construction,
failed to decrease the effects of the eddy,

A deep bucket wes next tried in the hope that the velocities at
the end of the apron would be reduced sufficiently to zlso decrease the
eddy velocity. Daspite the satisfactory anneszrance of the water surface
in the area usually occupied by the eddy, considerable erosion occurred
below the cofferdam. Alec, thé cofferda was undernmined to 2 degree
that would make its stability questionable,

An attemnt was then made to’ reduce the erosion by lengthening the
specification bucket so that the jat wes threwn considerably further
gowvnstroam, The bucket wvas lengthened 150 feet, and sloped upward, but
the resulting operation wns still unsatisfactory., The eddy wersisted
and the resulting erosion w+s eaxcessive,

Finally, the specification bucket was reinstalled in the model for
farther develooment and testing, since it appeared to shaw most promise
hydreulically, and from an econonmic standpoint avpesred to be the
cheapest to construct, With wltimate tallwnter and the cofferdam in
place, the oneration appeared improved, The deep erosion hole wus moved
downstream where it was of less concern, but the cofferdam vwas under-

mined somewhat on the mpron slde. Some erosion also occurred in the

powerhouse tailrace,




From tests on the sand used to represent the prototype riverbved,
it weg found that the sand, efter compaction, eroded readily at a °
velocity corresponding to 3 feet per second prototype. 4Also, the sand
slumped badly when wet and it was felt that the erosion in the model wus
exceasive for these reasons, -

To more fully understand the type and amount of erosion that would
actually take vlace in the prototype, the model bed was molded of a
mixture of Lumnite cement and sand that would erode at a predetermined
volocity., ZEstimates of the ability of the vrototvpe bed materiszl to
resist erosion were made and sand-cement mixtures were developed to
resist crosion to a similar degree in the model. It was estimated that
the rock outcroppings on the right and left banks would withstand a
velocity of 14 to 16 feet per second before erosion started and that the
riverbed material would withstand 7 to 8 feet ver second. With these
calibreted mixtures in place, testing was resumed, Indications w;re that
with oresent tailwat-r conditions, the eddy was not dangerous. Areas
thet h-d been badly eroded when loose sana wag used for riverbed material
were untouched by erosion vhen the stabilized sand w:-s used,

For ultimate tailw:ter tests, the riverbed was molded in stabllized
sand 15 feet lower than for the tests using present tailwater conditions,
The eddy w.s more in evidence but did not cause serious drmage close to
thc bucket for high discharges, Of more concern in these tests was the
eddy formation in the bucket itself for discharges up to 50,000 second-
feat, ZErosion tests showed that for these lo~er discharges, the ground
roller wius not sufficiently developed to dring naterial back ageinst the

8ill and tendencles toward undermining of the sill were present, nrobably

censod to some exti~nt by the eddies in the .buckei. At dischargee above 50,300

gecond-fe~t, the ground roller caused eroded material to be deposited in

the areas close to the sill that were eroded by the smaller discharges, .
Although the operation of the specification bucket ic unsualitesfactory i;'

some respects, it is the opinion of the Hydraulic Laboratory sateff,

snhared b 'tesers, McConzughy and Hoffman, that the specification bucket




18 the maost promising of all the designs tested. It ie believed that
training walls on the apron, a cofferdam along the line of the Tight

training wall, or a diagonal spur dike between the right traoining walls

i and the powerhouse, or some combination of these wiil sufficiently

N improve the onaration of the specification bucket to make its performance
gsatisfactory. Tests to determine the effects of these structures are now

M in progress,

A comparieon of costs of the varicus buckets tested is shown in the

following table:

DAVIS DAM—-SPILLWAY
Cos%t Comnarisons—~Spillway Pucket Studies

(Scheme numbers corresmond to test numbers)
Additional
cost over

Descrivption Scheme 1*

Snecificatiom bducizet -

Jump poal, fleor at elevation 460 $1,1330,000

Jump pool, floor at elevation L34 1, 560, 000

Tree jump pool 75 fest R, lip at elsvation 51§ 330,000

Angostura type bucket, invert at elevation L0 1,930,000

Angostura tyne bucket, invert at elevation 470 -

Lengthened specification ducket 80¢, 000

*¥ield cost. Does not include contingencies of overhead,

**Not tested or shown.

DESCRIPTION OF TESTS

- Gepera)l Ipformatign

Excent for Tests 9 and 10, eroaion tests were made using sand, which,

under actual test, begen to erode at a velocity corresponding to 3 feet per



second (prototype). The length of each test is noted but, in general,

wag efither of 2- or 7-hour duration, The 2-.hour tests indicate the
general trend of the erosion and, for preliminary investigation, supply
all the necescary information., 8lightly deeper erogion was usunlly
found after 7 hours of operation, but the general pattern remained the
same,

Arrows and numbers on the erosion teat photographe show the direction
and amount of velocity meazsured during the test run,

Teste 9 and 10 were m-de using stahilized sand to represent the
prototyve riverbed, To determine the prover proportions of the final
wizture, trial mixtures were made, cured, and exposed to the erosive
action of & Jet of water whose welocity was known. A mixture of 1 part
Lunnite cement to 110 parts of sand was found to erode at a velocity
'correaponding to 8 feet per second (prototype), A mixture of 1 part
Lumnite cement to 75 varts of sand was found to erode at a velocity cor-
responding to 15 feet per second (prototype). In both caneses, proportions
were by weight and tho mixtures were used in Tests 9 and 10.

The materisl contained in this discussion includes only the
eignificant teste and does not mention other tests which apneared to be
important at the moment dut did not prove of value in cbtaining an answey
to the problem. The following pages substantiate and illustrate the test
results previously sqpmarized. Detaile of the buckets and aprons tested,
test data, operating conditions, and appropriate commente are included on

the sheots preceding the photographs,
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Test Ko, &

T’

LEED BCLIED RUCEET (al IOSTUEJ TYPE)

Crest KI. 5947

L2+ 58.92

GH .

Min., £2l.440

algosturs Type Bucket

Tect Yo, 6

Tailwater -~ Ullipu
Time of Test - 2 hr

Uischarge - 175,000 sec.-ftL.
t
Y

e - Bl. 315.75

Kotes:

With thie low hucket the roller acticn occurred for all
discharyes sand tsilwuter conditions. The submersged action
reduced the surfsce velocities in the seddy on the right
side but some ercsion wes still evident and the cofferdum
was undermired., Photozrapks on the following 2 pages shov
first, the uclticr orn and below the hucket and second, the
results of erosicn Test No. ©.







Test No. 6
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Test lio, 8

Discharge - 175,000 sec.-Tt.
Tailwater - Ultimate - El, 515.7
Time of Test - 6 hrs. 30 min.
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