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INTRODUCTICN

Three hydraulic models of Davis Dam were tested in 1942.1943, and
the results are reported in memorandum to Chief Designing Engineer,
Hydraulic Laboratory Revnort HYD 123, entitled, "Hydraulic Model Studies
Relating to the Design of the Davis Dan." Two of these models were of
particular significance in the present investigation. The recommended
spillway bucket, referred to in this report as the specification bucket,
was evolved from studies on 1:100, and 1:48 scale models, The 1:100
scale model included the spillway, powerhouse, and sections of the river
channel both upstream and dovmstream from the structures, The 1:48 model
was & sectional model used to determine the characteristics of wvarious

buckets and aprons “ith special emphasis on erosion below the structure,

After extensive tests on both models, the stilling structure recom-
mended for construction consisted of a low bucket which served =zs a
roller bucket for low discharges and as g trajectory bucket for the
higher dischsrges,

This bucket is shown schematically in this report as Test 1. Cost
and tallwater conditions rrevented the use of a hydrenlic jump apron
while much additionazl excavation would have been necessary to make use
of a roller bucket for the entire range of flow conditions,

Due to differences in found tion conditions at the damsite, revealed

during the e rly stages of construction, the nresent investigatioh was



undertaken, ZExtensive tests made on a 1:72 model indicated essentially
the same results as obtained in the earlier tests, In addition, however,
the dangerous effects of an eddy in the dead water area downstream from
the powerhouse and adjacent to the spillway were recognized, and attempte
made to reduce its harmful effects. The wresent tests were made with
no flow through the powerhouse which results, prohably, in a worse eddy
condit ion than with flow through the turbines. In the earlier tests,
the powerhouse was in operation during all spillway tests,

This report was requested by Assistant Chief Enginesr Nzlder for use
by the consulting board and others resnonsible for the design of Davis
Dam, The material presented gives the results of tests made between

April 1 and July 25, 1947,

SUMMARY

The specification bucket, recommended as a result of the 1942-1943
tests wzs installed in the 1:72 scale model. Krosion was not excessive
below the bucket 1lip, but with no flow through the powerhouse, the ed@y
in the dead water area on the right side extended into the powerhouse
teilrace canging excessive erosion zlong the downstream face of the
powerhouse, =nd at the end of the right spillway training wall.

To reduce the harmful effects of the eddy, various schemes were tried.
A relatively long hydraulic jump anron was tested and found to operate
satisfactorily for oresent tailwater conditions. ¥For high discharges
with the ultimate tallwater elevation, however, the jump swept out of the
apron znd operatinn was then similer to the specification bucket,

Present tailwater 1s the elavation of tailwater expected to obtain
immediately after the structure is nlaced in operation. Ultimate tail-
water will obtain after degradation of the riverbed has occurred. Thus,
ultimate tailwater is about 20 feet lower than present tailwater., Both
tailwater operating curves are shown in Test 2,

The specificstion bucket was reinstalled in the model with the 1lip
at elevation 490, nd the existing rock between the spillway and the



nowerhnuse rerroduced in nonerodible concrete, Tests then showed

that the erosion at the bucket 1ip, and in the mowerhouse tailrace
was reduced since the eddy wae reduced in size and intensity. For

ultimete tailwater conditions, however, the eddy nersisted and tended
to undermine the rock =rojection.

The specification bucket was then raised in steps until the lip
wns a2t elevation 515.0. At this elevetion, the jet leaving the
bucket wz2s above the tallwater for all discharges and tailwater eleva-
tions 2nd the water was thrown downstresm the maximum distance possible,
The resulting erosion ~zs8 deep near the bucket 1ip, and the destructive
action of the eddy was not noticeably reduced. The addition to the
model of a cofferdam structure located ne:xr the line of the right
training-wall,pert of a cofferdsm necessary for prototype constructioxn,
failed to decrease the effects of the eddy,

A deep bucket was next tried in the hope that the velocities at
the end of the apron would be reduced sufficiently to zlso decrease the
eddy velocity. Despite the sstisfactory annearance of the water surface
in the area usually occupied by the eddy, considerable erosion occurred
below the cofferdam, Also, the cofferdam was undermined to a degree
that would make its etability questionable,

An attemnt was then made to reduce the eresion by lengthening the
enecification bucket so that the jet was thrown considerably further
downstream, The bucket was lengthened 150 feet, and sloped upward, but
the resulting overation wrs still unsatisfactory, The eddy persisted
and the resulting erosinn wis excessive,

Finally, the specification bucket was reinstalled in the model for
further develowment and testing, since it appeared to show most promise
hydraulically, and from an economic standpoint anpeared to be the
cheapest to construct., With ultimate tallwater and the cofferdam in
place, the oneration appesred improved. The deer erosion hole wzs moved
downst ream vhere it was of less concern, but the cofferdam was under-

mined somewhat on the apron side, Some erosion also occurred in the

powerhouse tailrace,



From tests on the sand used to represent the prototype riverbded,
it wzs found that the sand, after compaction, eroded readily at a
velocity corresnonding to 3 feet per second prototype. Also, the sand
slumped bedly when wet znd 1t was felt that the erosion in the model was
excessive for these reasons,

To more fully understand the type and amount of erosion that would
actnally take vlace in the prototype, he model bed was molded of a
mixture of Lumnite cement and sand that would erode at a predetermined
velocity. Estimates of the ability of the prototype bed materiesl to
resist erosion were made and sand-cement mixtures were developed to
resist erosion 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 end that 4he
riverbed material would withstand 7 to 8 feet per second. With these
calibrated gixtures in place, testing was resumed, Indicatlions were that
with present tallwater conditions, the eddy was not dangerous. Areas
thet h2d been badly eroded when loose sand was used for riverbed material
were untouched by erosion when the stebilized sand wze used,

For ultimate tailw:ter tests, the riverbed was molded in stabilized
sand 15 feet lower than for the tests using present tailwater conditions,
The eddy w:-8 more in evidence but did not cause serious damage close to
the bucket for high discharges, Of more concern in these tests was the
eddy formation in the bucket itself for discharges uo to 50,000 second--
feet, . Erosion tests showed that for these lower discharges, the ground
roller was not sufficiently developed to bring material back against the
8111 and tendencles toward undermining of the sill were present, nrobably
censed to some extont by the eddiee in the.bucket. At discharges above 50,300
gsecond-feet, the ground roller caused eroded meterial to be deposited in
the areas close to the sill that were sroded by the smaller discharges,

Although the operation of the specification bucket is unsatisfactory in
some respects, it is the opninion of the Hydraulic Laboratory steff,
shared br Messrs, McConaughy and Hoffman, that the specification bucket



48 the most promising of all the designs tested. It is believed that
training wzlls on the apron, a cofferdam along the line of the right
training wall, or a diagonal snur dike between the right training walls
and the powerhouse, or some combination of these will sufficiently
improve the operation of the specification bucket to make its performance
satisfactory, Tests to determine the effects of these structures are now
in progress,

A comparison of costs of the various buckets tested is shown in the
following table:

DAVIS DAM--SPILLWAY
Cost Comparisons--Spillway Bucket Studies

(8cheme numbers correswond to test numbers)

Additional
cost over
Scheme Descrint ion Scheme )1*
1 Specification bucket ==
2 Jump pool, floor at elevation 460 $1,330,000
2-A**  Jump pool, floor at elevation 454 1, 560,000
5 Tree jump pool 75 fest R, 1lip at elevation 515 330,000
6 Angostura type bucket, invert at elevation 440 1,930,000
7 Angostura tyve bucket, invert at elevation 470 =
8 Lengthened specification dbucket 800, 000

*Field cost. Does not include contingencies of overhead,

*#Not tested or shown.

DESCRIPTION OF TREST3

General Ipformation
Except for Tests 9 and 10, erosion tests were made using sand, which,

under actusl test, begen to erode a2t a vel8city corresponding to 3 feet ver



second (prototype)s The length of each test is noted but, in general,
wes either of 2- or 7-hour duration. The 2-hour tests indicste the
general trend of the erosion and, for vpreliminary investigation, suvply
all the necessary information. 31lightly deeper erosion was usually
found after 7 hours of operation, but the general pattern remained the
S3me,

Arrows and numbers on the erosion test photographs show the direction
and amount of velocity measured during the test run.

Tests 9 and 10 were m-de using stabilized sand to represent the
prototype riverbed. To determine the vroper proportions of the final
mixture, trial mixtures were made, cured, and exposed to the erosive
action of a Jet of water whose velocity was known. A mixture of 1 part
Lumnite cement to 110 parts of sand was found to erode at a velocity
corresponding to 8 feet per second(prototypel. A mixture of 1 part
Iumnite cement to 75 perts of sand was found to erode at a velocity cor-
responding to 15 feet per second (prototype)s In both cases, proportions
were by weight and the mixtures were used in Tests 9 and 10.

The material contained in this discussion includes only the
significant tests and does not mention other tests which apneared to be
important at the moment but did not prove of value in obtaining an answer
to the problems The following pages substantiate and illustrate the test
results previously summarized. Detalls of the buckets and anrons tested,

test data, operating conditions, and appropriate comments are included on

the sheets preceding the vhotographs,



Test lio. 1
SPECIFIC,TICK BUCIET
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Test No. 1
Discharge--------- 200,000 second-feet
Tailwater--------- 533 (Present Zlevation]
Length of Test----6 hrs. 55 min. ‘

Appearance of Model Bed
before Test No. 1

Results of Erosion Test are shovn below
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Test How- 3

SFECIFICATION BUCKET

Detailes shown for Test Nc. 1

Notes:

Thie test cdiffered rrom Test No. 1 in thut the sand
area between right training wall snd powerhouse wa$s
molided in non-ercdible concrete using reck cceontours
ohtained from fleld deta. Also ait this time the maryimus
discharge for design purposes vias reduced from 2C0,00C
to 175,00C ssecond-feet.

Results of erosicn test are shovn below. HKocks in
the bottom ef the erosicn hcele &re remnants of dikes
used in an attempt to reiuce the eddy action in =
previocus test.

Dlecheree - 175,000 sec.-ft,
Tellwater - Present - 1. 532.7%
Time of Test -~ 8 Lrs.






Meisity Ne sk

Ssme as Test No. 3 but with ultimate tuilvater

El. 51:.75. Brosion for thic test was cocnsicerably

grester slong reock opn right side and 10 feet dearner

st lowest polint.

Test No. 4

Dischsrge - 175,000 cec,.-Tt.
Tailvwater - Ultimete - Z1. 515.75

b4
Time of Test - £ hrs.

Besulty of tlhe ercszicn test are sheovn beliow,
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Thotogruphs on the two folliowing puges show the operaticn
of this butket, firsicingelers), thcil Amleba i, )" e
third photogruph showe Llie Tesully ¢l ebusion tesb 5, The
oeTarlun & bongothe (ITMel Crifigtlee) 201 sh {8 Uiies 'R d T SWa T wers
installed In Lhe wodel giice it sppezred to reguce the
addy in the fdeau water area.
Tach o, 3

Dischurge-175,000 sec.-ft.,
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Test No. H
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sngosturue Type 3Bucket

Test No. 6

Discharge - 175,000 sec.-ft.
Time of Test - 2 hrs.

Noctes:

With this low bucket trhe rolier acticn occurred fcr all
discharges end tailwater conditions., The submersed action
reduced the surface velocities in the sddy on the right
side hut =ome ercsion was still evident and the cofferdum
was undermired. Photographs con the following 2 pages shov
first, the action or and below tlie bucket and sgeccnd, the
results of erosicn Test No. 6.









Test No. 7 .

ANGCSTUR.. TYPE 3BUCKET RaISED TC HIGHEDR FLEVATION

Since tl:ie Angostars type bucket had proved
effective in preventing excessive ercsicn ¢n other
structures 1t vus tested at the elevaticn shown.
Ir this positicn the bhucket fitted the existing
fourndsticn conditiens to greater advantage.

The cperation wes gimiiser tc the specification
backet in that the water was thrcewn cleer of the
bucket for &1l condivicne and rno rcller agticn
cceurresd .,

The resulting ercosien is shown in the
follicwing photograph.

Teat Ne, 7

Discharge - 175,000 ssc.-ft.
Tailwater - Present - El, 532.75
Tinie of Tesi - 2 hirs.
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Tegt lio. 8
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The specificution riacket wves modified as
shovn in orcder to '"throw" the wuter downstream
as fer as was prectiesl. This wes dcne in an
attempt tec reduce the effects of the eddy on the
right side.

The photograph on the oprcsite pege shows
tre Jet being "thrown" cleer of the roek
prctection. The Jjet was nct "throwr* fer encush,
however, to prevernt the eddy from attsining s
velocity of 16.2 ft., per second, protetyre, and
caucsing excessive ercsion e shown in the second
photozruph.

Tast No. &

Discharga = 175,000 ssc. ft.
Tailwuter - Ultimate - 31.%15.7
Time of Test « Ehrs. 30min,
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Test No. ¢
Statilized S&1.d Red

SPECIFICATICYN BUCKET

Datuils shovr: fer Test No. 1

Tect Nc. 9

With the bed nmcided in stehilized sand at
elsvaticn 515, similar tc thet shovi. in the first
pliotcgraph for Tc t 10, the dischzrge ves gradually
ircrenzed to 50,000 second~feet. The tegilwater
was set feor present conditions, elevation 524,
The resulting fTlow, shown 1n the fcliluving
phctegi=ph, wee entirely satisfuctory and
praeticallv no ergsion occurred after a one hour
rur.. Because the flow did not sweep out of the
bucket the eddy at the right trsinine weil was
hardly noticehle.

For 100,000 second-feet and tuilwater
elevsaticn 52& fiow snd ercsion conditicone vere
similar. For 150,0C0 second-feet and tailvuter

elevetion 571, showyn in the secund phictegruph,
flow jumped ciecr of the buacket und some €resion
eecurrec. Suach dicclarce wie tested for cne
hour end tre bed wee nct remclded between ruris.
Erosion and eddy conditicvne wele moOlIe severa
howpever for ultimute teolivetver ccrditicnc showi
IgResE NG,









Stabilized Leand Hed
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The bed vas remoldsd after Tast Y in
tabilized sanrnd at elevation 51% us shovn in
the fcllowing ghotogruvh,iDD6?). For 50,C0C
second-feet =nd ultimate tsilwater elevaticny
506 an eddy fermed in the tisket as shovn in
the second phctograph, (DLOE} . Tor no spparent

1 S
reason another eddy forme“ in thc L@ st SR
skort periods cf time us showvn in the Lhird
vhotesraph, (DD67). &t tae end of e one hout
run the leer ved vus eroded s, £l.ovn o Ln Nl

next photograph, (D370},

It ot .‘Uutﬂbhf tiz bed a discharge o
10G,C00 seczond-tset was run Tor one hour wiih
ultimate tallvaier uwbt elevutiocn 511.5% as shon

rbot2graph DD71.  The grouna roller coveresd
up evosicn 2loze Lo the buceset Lhet hed oecurrdd
darips thel 90 000 sSgeond-5o90 MEn 'ae shiewn- i

el e 1
pLoObtSZLADE )

s
i
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For 17 kGO' secopc-feet witn u,timate tedl-
watzr slevation 536 ths operation vas as shoun
Mo mhgtemesph BDYIR  Tha velowlty of the eud)
in the [loreground vas estimzted to be shouv 13
feet ver second and cmused very littlia ercsion
of the rcek ocuteroppring., The erazion after a
one hour run at 175,000 second-~-Tast, pius ihe
afrects of the 50,000 end 100,000 sscoad-Tootl
“ans, is shown in photosvephe LDEG and DDEL.

The grautast ercsion sceourred bYeiow the rock

gr“’ Btiem onl Mele " rirhnl -Fife wnd iin whe kilid
8alot.; Lhe lelt hank.
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