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Deaver, Colorado
January .20, 1939
Subject:  Hydraulic model studies for deslgn of Headgate Rock Damw-
Indian Service.

INTRODUCTION

The subject of the design of the Headgate Rook Lem to -be con-
gtructed on the Colorado River was discussed in detail during August 23, .
24, and 25, 1938, between Messrs. P. F. Henderson ané H. V. Clotts
of the Tndian Service and engineers of the :Bureau of Reclamation. The
nature of the hydrauvlic problems involved led to the consideration of
.a hydraulic mcdel ‘of the entire structure. Instructions were received
Sejtomber 27, 1938, by the Bureuu of Reclamation, to proceed with the
design of the model. Through the cooperation of the officials of the
Coloradec State College Experiment Station, the model was buili and
tested in the hydraulic laboratory of the Colorado State Collesge at
‘Fort Collins, Colorado.

SPILLAAY

Purpogs of ptudies. The original design of the spillwey provided
for a maximum discharge of .about 160,000 second-feet over a crest 250

feaet, Long. A conrcrete apron was to extend about 255 feet downstream
from the crest to provide for the hydraulic jump. Further considera-
tion of the flood characteristice on the Colorado Hiver showed that

the apillway should be designed for 200,000 second-feet with a crest
length of about 400 feet. The hydruulic jump as & meuns of diseipating

the energy downatream from the spiliway was ebandonea in favor of a




vertical roller partially conufined in a bucket, since thiufgﬁﬁld
eliminate the long apron and reduce the uplift under the structure.

It wus dqsired, by means of the‘model:atud?&s, to investigdﬁbﬂthis
revised design for tailwater elevatione varying between those jpreveil-
ing at the present time and those correspconding to a,maximumffetrogream
gion-of 35 feet.

Bescription of modei. A model scele rutio of 1 to 60 was fixed
by limitations imposged by the floor spuce, avallable head :below the
laboratory weir, and the capacity of :the laboretory pump. The model
wag congtructed in &8 12« by 34~foot metal-lined tani. The exact Loca-
tion, together with topography and other general features, is shown on
figure L. Details of the ogee spilllway, bucket, plers, and getes are
shown on figure 2. Riprap on the banks extended 150 feet downstream
from the sill. The downstream channel was placed .at elevation 300C.
The first model tests were conducted on this design with the dentated

'sill and ‘high wing walls extending parallel .with the axis from the
cends of thé.sill into the banks. The expected minimum tailwater curve,
‘Tepresenting an ultimate retrogreesion of 35 feet, is shown .as curve A

on figure 3. Original consilerations gave maximum tallwater elevetions
immedisitely after construction of the spillway as 35 feet higher than
thase on curve A. With these higher tallwater eslevaticna, the spillway
was found to .be completely submerged. The jet.did not dive into the
bucket with the result that the flow occcurred entirely on the surface
of the pool. This ccndition submerged the gate pins. In order to
limit the time during which this undesirable condition will exist to

8 short period immediately after the spillway ie first placed in opera~
tion, the width and depth of the chaunel .domnstream from the spillway
were fixed Bo thut the maximum tallwcter elevations as controlled by
the channel were those which produce satisfactory conditions below the
gates. These teillwater elevations are lower then those of the present
river, but they will occur as soon as.a relatively small amount of ret-
rogression has taken place in the river bed itself. The maximum talle
water elevations were, therefore, taken -to be those:for which the jet

flowing over the crest comménqu to dive into the bucket. These limi (-

ing tailwater elevations, as determined from ‘the model, are shown in
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curva B .of figure 3. This curve was used as the maximum tailwater
curve for future tests. The average of the maximum (curve B) and the
minimum (curve A) tallwater alevations for eny particular discharge
is referred to as the average tsilwater elevation for that quantity
(curve C).

Preliminery studies. Preliminary observations on the operation
of the stilling pool showed that critical conditions were obteined
with the minimum tailwater curve (curve 4, figure 3). Ihafafcre, a
seriess of tests were conducted using tailwuter depths obtained from
this curve. The stilling pool was rough but satisfactory except for
horizontel eddies at the sides of the pool. These eddies caused exces-
eive erosion on the riprupped slopes snd, at the higher discharges,
sxposed the wells below the elevation of the slll. To correct this
undepireble condition, several low training wnils were tried ae a
downstream extension of the end wells of the spillway. Training walls
Noe. 1 and 2 of figure 2 produced a decided improvement, wall No. 1
being the better of the two. However, the undesirable erosion on the
end slopes persisted at high discherges. Training wall No. 3 was the
result of eliminating the high -ihg walls extending from the ends of
the 8ill to the benks, raising the low training walls to elevation 365
et the ends of the originel treining wells, and exterding them oh a
2 to 1 slope downstrean to elevation 300. KRiprep beckfill was pleced
behind the walls, and the riprep on the 1% to L.slopea extended 50 feet
farther downstream. This errangement geve sxcellent stilling-pool con-
ditions up to a dischurge of 150,000 second-feet., While erosion on
the benks existed, for higher discharges, conditions were improved.

It was thought that repairing some damege efter un excessive flood
. would be more economical than providing complete protecticn in the

initial structure. Training wall No. 3 is accordingly recommended for :

incorporstion in the structure and was used during subsequent model
atudies.

Sill studies. The original sill (sill No. 1, figure 2) produced
a rough water surface in the stilling pool. However, the toe of the
bucket was not endangered by scouring since the major portion of the

ercosion in the river bed occurred fsartier downstream. As the bed of
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the .pool in the prototype rconsists of hard basslt, no concern 18 felt -
for the'htabiliuy of the structure or the satisfectory operation of

the stilling pool et minimum tallwater elevations. Becauee of possible
erosion of the sharp corners of the dentates by river-bed material
carried back into the stilling pool by the ground roller, it was deened
advisable to deielop a solid sill which would give hydraulic conditions
equal to those of the dentated sill. Such a #ill wouid alsoc result in

& saving in construction. The dentated and four types of solld Bills

(figure 2) were accordingly tested under the same procedure for water-

surface and scour profiles. For each sili, water-aurface profliles were

taken st successive discharges of 25,000, 50,000, 100,000, 150,000, and
200,000 second-feet with their corresponding minimun tailwater eleva-
tion. Préliminnry ouservations showed a stabilized scour pattern for
any discharge at the end of & peried of one hour. Bach -discharge was,
therefors, maintained for this period, .after which the flow was care-
fully stopped to avoid disturbing the scour pattern. The scour profille
was then recorded. The river bed was initiarly placed‘at elevetion 300
for the test of each Bill and was not disturbed batween discharges.

The results of these sill tests ere shown on figure 4. There was llttle

‘diseimilarity between the results obtained with the five different
Bille. Originel analysis of the data, made during the oparation of the
ﬁ}ﬁodel end influenced largaly hy the construction coet, lead to .8ill
No. 5 being considered as the recommended design. However, final anel-

ysis of the data resulted in the recommendation of sill No. 3 as the
most satisfactory econcmicel design. Sill No. 5 did produce slightly
better scour coﬁditiona but gave & reduced depth of water in the backet.
‘Final studies. The chunge in the recommended s8ill design resulted
in the final spillway teste being made with sill No. 5. However, the
results of these final tests, with the exception of the water-surface
end pressure profiles for the bucket, would be the same regerdless of
wnich 8ill was used. Piezometric pressures on Lhe creat and bucket
were obtained at discharges of 50,000, 10u,000, 150,000, and 200,000
pecond-feet for minimum tailwater elevetions (figure 5). The water-
gurface profiles over the bucket are somewhet lower than would be ob-

teined with the recommended design. Discharge curves were obtained




clevations (figure 3). 1
average tailwater eleva ; For maximws tallwiter elevations, the
discharge wae somewhat less:dus to aubmergance.' In other words, the
oapaclty of the apillwny:ifll increass as ﬁﬂe channel downsliream erodes.
The flow chnractaristios for the final design spillwey are shown
in figurss 6 to 11, inolusive, with discharges of 40,000, 80,000, 120,000,
and 130 ,OOD pecond-feet and maximum, average, and minimun teilweter ele-
vatione. The maximum -design ceapacity of 200,000 second-feet is shown
in figure 12 with average md minimun teilwater heighte.
nggggggﬂg;;ggg, In-tﬁe operation of the spillway, attention is
' particularky called to the neceseity of maintaining all of the spill~
way gates at the same -slevation. Unequll diatributicn of flow under
the gates will create sddies in the 8tilling pool of & destructive na-
ture, which must be avoided. The roller in the bucket has an upstream
velocity component which causes logs and floating debris to e retained
on the water surface near ths high-velocity water floéﬁag:under the
gateg. The constant pounding:of this floating dphwis=may be destruc-
tive to the'dolﬁstraamucornera‘sf tho;pioru. It 1s suggested that
thase corners be protected with a metal facs, probably angle irons.
‘The recommendsd sill may be reduced in sise, and ‘henco in cost, with-
out ilpairing its efficiency by steepening its dounatrunn face. Accord-
ingly, it.is recommended that the downstream fece of the &ill be steep-
ened until it,lios in the plenes determined by the veriex of the sili
(elevation ‘300) and the center of the circle which forms the bucket.
Bince the mopt severe erosion ocourred at the ends of the stilling
pool near the 2 to 1 sloping training walls, care must be exercised
that the footings of these walls are carried into the hard basaltic
strete of the foundation.

CANAL HEADWORKS

Studiee of capal hegdworks. Iwo designs wers proposed for the
capal headworks, one with itwo radial gates (deeign 4), and the other
with one radial gete (design B) (figure 13). Bince it mey be necee-

ary for the headworka to operste with a range of forebay between
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to study the
action of the hydraulic jusp below the getes and the effectivensss of
. the transition immediately downstresm for aach of these extreme condi~
tions. 4 model of ‘each deaign was constructed snd tested to determine
the consistency of tha formation of the Jump upstrean from the trensi-
tion. [EKach design was tested with varioue gate opsnings using reser-

elavations 362 and 372, il was considered advisable

voir water surfaces at elevations 362 and 372. Discharges ware mess~
ured to obtain date from which discharge curves were constructsd for
\ both the single- and double-gete designs. Since it wae considered
depirable that there should be a factor of safety in thn design of the
pool, tests were run with discharges somewhat in oxcaua of the design
.capacity. Attention was given to those gete openings st Ihich‘wntnrl
. overtopped the sides of the pool.
| Design A, employing two 22-foot gates and & pool floor at eleva-
tion 347, operated satisfactorily for all gate openings with the pomnd
at elevation 362. With the pond at .elevation 372 and the gates open
7.5 feet (discharge 7,000 second-feet), water overtopped the sidss of
the pool and, &t lLarger gete openings, overflowsd the capal banks
farther downstresm, with the.jump forming continuously upstresm from
the transition.

Design B, with one 4O=-foot gate and & pool floor et elevation 347,
alpo gave satisfactory operating oh&rncterlatics for the normal. pond
elevation. ¥With the reserveir at emevation 372 and the gate raised
five feet (discharge 4,500 Becond-feet), the jump awept out of the pool -
end formed in the canal downstresm from the transition. Lowering the
floor of the pool two feet to elevation 345 (design C) confined the
Jump to the pool for both pond elevations and all gate opaningé. With
& pond at slevation 372, weter overflowed the ﬁool gides when the gate
wae raised 10 feet. With the pool floor placed at elevation 346
(design D), the jump did not eweep out of the pool at the higher pond
eleovation until the gate was opened 10 feet.

Discharge curvep for the flow undar the single gete in designs B,
C, and D and the two smaller gates in design A were obtained for the
pond at elevations 362 and 372. The rating curve for the trapesoidal

canal section shows the conditlons under which the model wee tested. |
Thege curvee are shown on figure 14.




Qumgﬂ.g__g. Dasigna A and D ars both considered satisfec—
tory aa]utiona of the canal heamdworks problsm. Field oparating nondi—
~tions might. make the single-gate design more desirable.. !.ither design
is ce:f tain to glve satisfactory hydraulic conditions and ample prbt.ae-
- tlon ‘to the canal if operated with reascpable cere. Figure’ 1.4 indicates
" tha%, with & ressrvolr at elsvation 362, elther design will giw:
ample canal discharge. With thes pond at elevation 372, ga'w opmningn
ghould be about 3.0 feat and 2.5 fuot. for the singl.e— ‘and doublo—gate
designs, respectively, for the nnmnl ‘oanel dlscharge of 2,960 sa‘.ond-
feet. Autometic reguiation .of the diacharge might be desirable. It
ip recomnended that sufficient {reeboard be allcowed on the cansl-
hendworks stilling-pool walls to confine the gruater portion of t.he
spray and splash that invariably accompany & hydrau) ic jump in this
type «of structure. It ip felt that the verticel walls should be ex-
tended up to about elevation 370. Flow conditlions for the two recom-
mended designes are showm on figuree 15 and 1.6. . j?}“'




ABSTRACT OF CORRESPONUENGE ON THE MODEL STUDIES

9-26-.38

12~15=38

f i

Telegrem from the Commiseloner of the Bureau of Reclams-

tion to the Denver office giving suthority to comstruct
the mcidel. ’

From Acting Chief Engineer to Office of Indian Affairs
concerning design of the wing walls below the spillway
and the shape of the downsgtream bucket, together with

other design features including the ocanal headworks.

From Acting Chief Engineer to Psul F. Henderson coRCcern-

ing results of modsl stilling pocl tests with the dentated
8ill (eill No. 1). Flow anc scour pictures were mtisched.

Talegrﬁm from Chief BEnginesr to the Indian Irrigasion Serv-

1ce requesting authority‘ﬁn diszantle the model.

Telegram {rom the Indian irrigation Service to the Bureau

of Recleamation replying to above. Additional model flow

pictures taken from the upstream and side were requested.

From Chief Engineer to Paul F. Hendsreon concerning resulte
of model teste with the horizontal sill (eill Ho. 5, orig-

inal recommendation). Flow and scour pictures of the
Btilling pool together with views of the model from the

upstrean were attached.

From.chief Englneer to Lhe Orfioo of Indian Affaire con~-

carning the change in the racommended sill design fron nill
Noe. 5 %o aill No. 3.
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DISGH)_U?GE 40,000 SECOND~FEET - FOND ELEVATION 362
TATIMATER ELEVATION 350.8

DISCHARGE 80,000 SECOND-FEET - POND ELEVATION 362
TATIWATER ELEVATION 355.7

MAXIMUY, TAILRATER ELEVATIONS




DISCHARGE ‘120, C00 SECOND=FEET
TAILWATER ELEVATICN 359.2

DISCHARGE 180,000 SECOND-FRET
.TAIIWATER ELEVATION 382.9

MAXTMUM TAILWATER FLEVATIONS

'RECCMMENDED DESIGN




DISCHARGE 40,000 SECOND-FEET ~ FOND ELEVATION 262
TATIWATER ELEVATION 338.2

DISCHARGE 80,000 SECOND-FEET — FOND FLEVATION 362
~TAILSATER ELEVATION 342.5 )

AVERAGE TAILWATER FLEVATIONS

RECOMMENDED DESIGN




DISCHARGE 120,000 SECOND-FEET - FOND ELEVATION 362
- TAILWATER ELEVATION 345,5

DISCHARCE 180, 000 SECONDFERT
TAIIVATER ELEVATION 348.9

AVERAGE TAILWATER ELEVATION: s

RECRMMENDED DESIGN




DISCHARGE 40.000 SECOND-FEET - POND ELEVATION 362
TATIWATER ELEVATION 325.6

DISCHARGE, ‘80, 000 SECOND~FEET - POND ELEVAT ON 362
TAILWATER ELEVATION 329.2

MINIMUM TAILWATER ELEVATIONS

RECOMMENDED DESIGN




DISCHARGE 120,000 SECOND-FEET - FCND ELEVATION 362
TATLVATER ELEVATION 231.7

DISCHARGE 180,000 SECOND-FEET
TATIVATER ELEVATION 334.3

MINIMUM TAIIMATER ELEVATIONS

HECMMENDED DESIGN




DISCHARGE 200,000 SECOND-FEET
TATIWATER ELEVATION 349.3

AVERAGE TATINATFR ELEVATION

DISCHARGE 200,000 SECOHD-FEET
TAIIWATER ELEVATION 336.0

MINDMUM TAIIWATER ELEVATICN
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O M 12-2-38

GATE OPENING IN FEET

DEFTH OF FLOW IN FEET
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GATES RAISND 2,6 FEET GATES RAISED 5.0 FEET

POND ELEVATION 72

DESICN A = TWO 22-F0OT ‘GATES

CANAL HEATWORK STUDIES




GATE RAISED 7.5 FEMT

GATE. RAISED B.5 FEET GATE RAISED V.5 FERT

FOND ELEVATICN &72

DESICN D - ONT 40-FCCT GATE

CANAL HEATWORK STUDIES




