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Denver, Colorado, liay 12, 1933

MEMORAMDUM TO CHISF DESIGITING ENGINZZR

By E. #. Lanc, Rescarch Enginecr
Subject: Hydraulic liodel Experiments for the Design of the Hoover
Dam - Book 2 - Results of Visual Tests on Semifinal and

Final Desiens.

The experirients upon the first model types, and particu-
lérly the results obtained upon the first model constructed at the
Montrose laboratory, showed that unusual care would be necessary
if a spillway was to be developed which would be satisfactory, not
only in the action in the spillway channel but also in the tunnels
leading from the spillway proper back to the river.

Since no very satisfactory type was evolved by the tests
on the first 1:20 and 1:100 models at the Montrose laboratory, nor
by the addition to them of various forms of baffles, a new model
was installcd at the Colorado Agricultural Laboratory which embod-
icd the pertinent results of the obsorvations on the previous mod-
els, Tho principal difference betweon this model as originally
constructed, and the first Montrose model (M-1l) was that the slope
of the channel bottom in the new modol was flatter, in order that
the depth 'of water in it would be greater and the turbulence there-

fore reduced.
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Drum Gate Side Channel Spillway Model C-4

The prototype of the C-4 modol is showrn on Figure 13,

The modol was built on a scale of 1:60 or 1 inch on the model equal
to 5 feet on the prototype. It had four drqm gatos, each 100 foet
long, and a side channel trough approximately 45 feet decp ;t the
uspor end and 95 feect at the lower end. The crest and side channel
were constructed of wooden frames covored with galvanized iron. In
the first tests the model did not have movable gat®s, the solid crest
being shaped to represent the condition with the drum gates down,
Gates ywhich could be regulated were added later. The tramsition
from the trapezoidal chamnel to the circular 50-foot diameter tumnol
was made by running laths between accurately cut and spaced collars
and plastering over them with a mixture of Quick-setting cement,
lime and sand, The top of the transition was left off for scme
distance in order that the flow in it might be observed. Unfor-
tunately no satisfactory pictures of this flow could be obtained,
due to interference of the framing and lack of light.

The flow over the model was measured on a 2-foot Cipol-
letti weir, previously desciibed. The 1ocat%on of the model in the
laboratory was practically the same as that of the C-2 model shown
on Figure 4. The height of the model crest was sufficient to sub-
merge the measuring weir at high dischnrgeé, and an extcnsive se-

ries of volumetric measurements were made to accurately calibrate

the measuring weir under this submerged condition. The maximum
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discharge over the model was about 7,2 second-feet and the corres-
ponding depth on the model crest about 5 inches. The head on the
model crest was observed by means of float gages, as previously
described.

In the tests made upon this model, except in a few in-
stances which will be noted, no major changes were made in the
shape of aither side of the chamnnel or in their position with re-
spect to edach bther. The principal changes were made in the tran-
sition fram the trapezoidal chamnel to tunmnel section, usually
spoken of as the "transition,"” in the addition of bvaffles, and in
the presence or absence of the model topography of the hillside.

The main object of the experiments was to develop a de-
sign which would allow the water to flow down the tunnei as amooth-
ly as possible without completely filling the tumnel section., A
large number of tests was also performed to investigate the effect
of various devices on the flow. In order not to unduly increase
the size of this report, the details of most of these setups are
not presented in it, but a copy of a sketch of each one is filed
with the office file copies of this report.

Considerable quantitative data waé also observed on this
model. Cross sections of the flow in the channel were observed
for a large number of conditions. A number of observations were

made in the transition on the depth of flow. Determinations were
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also made of the discharge coefficients of the bgee crest forms
used and of the flow over the crest gates at various positions.
The results of these quantitative observations are discussed in
later sections of this report dealing with these particular fea-

tures of spillway design.

Results of the Tests on the C-4 }odel

The condition in the orizinal design of the C-4 drum
gate spillway is shown on Plate 53. These show that the water en-
tering the tunnel was much higher against the rear wall, which
caused a transverse flow in the upper end of the tumnel and produced
undesirably rough conditions of flow down the inclined shaft. A
similar transverse flow action is well shown on Plate 57. It was
believed that by blocking off the downstream 60 feet of the spill-
way crest this condition would be improved. This was tried, and
the reduction in flow over the crest was campensated for by a gate
at the upper end of the channel which permitted the water to flow
directly into the channel along its axis. The results of this ex-
periment indicated that if a space of 60 feet was left between the
end of spillway section and the entrance to the steep slope of the
transition it would allow the difference in elevation on the two
sides of the channel to equalize upstream fram the transition and
eliminate the cross flow at the tunnel entrance which would result

in much better conditions of flow down the tunnel,



PLATE 53

il N dif TN .
A-MODEL WITH TRANSITION NO.I B-DISCHARGE 80,000 SEC.FT.
C-DISCHARGE 160,000 SEC.FT D-DISCHARGE 200,000 SEC. FT.

ORIGINAL DESIGN OF DRUM GATE SPILLWAY MODEL C-4
TRANSITION NO.I



PLATE S4

A-MODEL WITH TRANSITION NO.IA B-DISCHARGE 80,000 SEC.FT.

C -DISCHARGE 160,000 SEC FT D-DISCHARGE 200,000 SEC FT

DRUM GATE SPILLWAY MODEL C-4
WITH 60 FT. CHANNEL EXTENSION-TRANSITION NO.IA



A-ISFT. WEIR AT END OF CHANNEL B-20FT. WEIR AT END OF CHANNEL

C-30FT. WEIR AT END OF CHANNEL

DRUM GATE SPILLWAY MODEL C-4
EFFECT OF CROSS WEIRS OF VARIOUS HEIGHTS AT
LOWER END OF CHANNEL WITH 200000 SEC FT. DISCHARGE

§SS 3Lvd



A-MODEL WITH 2I FT. OFF SET

B-DISCHARGE 200,000 SEC.FT.-LOOKING DOWNSTREAM

DRUM GATE SPILLWAY MODEL C-4
EFFECT OF OFFSET IN CHANNEL SIDE

C-DISCHARGE 200,000 SEC.FT.-SIDE VIEW

vl
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PLATE 57

A DISCHARGE 120,000 SEC FT B-DISCHARGE 160,000 SEC. FT.

C-DISCHARGE 200000 SEC FT D-DISCHARGE 200,000 SEC.FT.
LOOKING DOWN THE TUNNEL

DRUM GATE SPILLWAY MODEL C-4 TRANSITION NO.2



Chanpe;ug;tension of 60 Feet

The spillway model was therefore modified by moving the
transition 60 feet downstream, with a straight section, having
relatively level bottom, inserted betwean the end of the spillway
section and the transition, as showm in Fig. 14 and Plate 54. The
improvements resuliin-. fromn the addition of the 60-foot section
may be seen fram a comparisan of the views on Plates 54 and 53.
The elongated transition also caused a greater depth of the water
fhroughout the channel, and resulted in a smoother flow of the wa-
ter all along the cliannel and as it entered the sloping section of
the transition., This greater depth of water in the channel was not
sufficient to reduce the coefficient of discharge by creating too

great a subtmdrgence of the crest at the upper end.

Cross Weirs of Various Heifhts

The cxtension of the channel section below the spillway
creat was considurcd extremcly beneficial and was incorporated in
the succossive ctens lcading to the final design. The increased
deoth of the wator in the channel scemed advantagcous and an inves-
tigation was ma<ic o." the possibility of improving thc flow conditions
by causing still grcater depth of channol flow by moans of a weir
across the chunnul at tho lower ond. A sot of expcrinents was tried
wvith weirs of 15, 2¢C and 30-foot height at the cud of th¢ 60-foot

cxtension in the chianncl. ‘Thesc tests indicated that the flow con-

Q
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ditions improved as thc weir incroasod in height, as shown on Plato

55.

Offset in Chagng}gjg}}ugp Crest Side

For all conditions of flow in the spillway, part of the
channcl opposite the ogoe crost was taken up by the water flowing
ovor the crest which had a vory small componont of flow in the di-
rection of tho channel. Tho space occupied by the water flowing
along the channel was therefore practically that between the rear
vall and the outer fa&ce of this nappe -from the weir. At the down-
strcam end of thc ogee section the effective channel area suddenly
increased to tho full width of the channcl, since there was no
nappe thero to reduce the section. This abrupt enlargement caused
a whirl on the crest side of the channel wherec it occurr;d and a
cross movement of the water fram the opposite side of the channecl
took place as the water adjusted itself to the new channel shapo.
Both of thesc actions resulted in undesirable conditions of flow
down the tumncl,

In ordcr to remedy this condition an offsct "7as con-
structed on the weir side of the tramnsition, beginning just below
the ogee section (Plate 56-A), which tendod to make the side of
this portion of the channcl more nearly a continuation of tho ef-
fective side of the channel upstream from it; i. e., the upper

face of the napvc fram the ogee weir. This offsot‘also had the



effect of reducing the channel section in the transition and thus
producing a greater depth of flow in the channel. Both of these
effacts acted together to improve the nature of the flow in the

channel (Plates 56 and 57-D) and in the transition and tunnel,

Transition No, 2 "°

This action was further tested by the construction of
transition No. 2 (Figure 15) which incofporated a 15,3-foot off-
set on the crest side and a cross weir with crest at El. 1125 at
the entrance to the transition, This caused an improvement in the
flow entering the tunnel, as may be seen by a comparison of Plate
57 with Plate 53, The flow down the tunnel with this setup, al-
though fairly smooth, was less desirable than was secured in the
final design, as it filled the shaft to a greater extent.

By raising or lowering the entire transition section,
keeping the rear wall of the transition in line with the rear wall
of the channel, tl:e height of the cross weir could be changed and
at the same timo the offset on the crest side varied, the offset
increasing as the cross weir height increased. An offset of 10
feet was found to give the best conditions and a greater distance
was found to be detrimental, When the transition was raised to
sufficient hoight to produce a cross weir of enough height to give

,the best conditions in the channel, however, the offset produced

was too large,
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Transitions Nos. 3 and 3A

Transition Yo, 2 did not include the 60-foot length be-
tween the ogee crest and the beginning of the steop section, and
the lack of it was ovident in the results obtained. In order to
incorporate all the points tending toward good results which, had
been discovercd in the previous tests, another transition, No. 3,
was built which included the 60-foot extonsion, the 10-foot offset
at the end of the ogec crest and a cross weir_43 feet high, with
crost at 1. 1145,

The dimensions of the prototype of this transition are
given in Fig. 16, Plate 59 shows the model and the conditions of
flow. This form of transition gave exceptionally smooth flow into
the tunnel at the maximum discharge. However, at this discharge it
backed tho vater up in the channel causing sufficient submorgence
of the crost to reduce the spillway capacity. This transition (No. 3)
with minor changes was incorporated in tlie final design.

In transition No. 3-A, shown on Fig. 17 and Plates 60 and
61, tho No., 3 transition was lowered 5 foet, making the weir at the
entrance at elevation 1140, which ducreased the submergonce of the
crest and incroased the discharge capacity. The action in the spill-
way channcl and transition, however, were not as favorable as with
transition No. 3.

Transition o, 3-C, shown by Fig. 18, was madec fram tran-

sition No. 3 by adding a level section of channel bottam at El. 1110
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A-DISCHARGE 120,000 SEC FT WITH TRANSITION NO 2

C-DISCHRARGE 200,000 SEC FT WITH TRANSITION NO 2

DRUM GATE SPILLWAY MODEL C-4

B8-DISCHARGE 160,000 SEC fT WITH TRANSITION NO 2

C ~DISCHARGE 200,000 SEC.FT.
WITH TRANSITION NO fA AND CROSS WEIR

8s 31vd



PLATE 59

A-MODEL WITH TRANSITION NO 3 B-DISCHARGE 80,000 SEC FT

o B EE (Cache GEE BT U-DISCHARGE 200,000 SEC FT

DRUM GATE SPILLWAY MODEL C-4 WITH TRANSITION NO.3



PLATE &

A-MODEL WITH TRANSITION NO. 3A B-DISCHARGE 40,000 SEC. FT.

C-DISCHARGE 80,000 SEC FT D-DISCHARGE 120,000 SEC FT

DRUM GATE SPILLWAY MODEL C-4 WITH TRANSITION NO 3A



from the end of the spillway section 107 feet downstream to the
cross weir, which was at El. 1140, This was done to test the ad-
vantage of a longer section than 60 feet between the wedr crest
and inclined portion of the transition, The increased length

was of no advadtage and no further tests were made with it.

Transitions Nos. 4 and 5

Two other forms of transition were experimented upon.
One of these, No. 4, was very similar to No, 3-A except the parab-
ola of the bottom of the transition was much steeper in No. 4, as
shown in Fig. lgo The results of the steeper parabola were not
satisfactory. Transition No. 5 (Fig. 20) had a low cross weir at
El, 1125 and an offset on the crest side of the transition, the
same Aas trangition No., 2, but had a very much flatter parabolic
slope for the bottam of the transition. This tramsition did not
improve the flow dovn the tumnel, and seemed to indicate that the
high cross weir was necessary with a flat parabolic curve to give
good flow down the tunnel., Ths conditions of flow with transi-
tions Nos, 4 and 5 are shown in Plates 62 and 63. To improve the
approach to the spillway in tests using transition llo. 4 a curved
guide wall was placed upstream fran the crest at each end as shown
in Plate 61-C. This curved wall improved the flow and was retained

in the final design.
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PLATE 61

A=PISEHARICEORID0 S HE. R B-DISCHARGE 200,000 SEC. FT.

C-CURVED GUICE WALL AT END OF SPILLWAY CREST

DRUM GATE SPILLWAY MODEL C-4 WITH TRANSITION NO. 3A



PLATE 62

A -MODEL WITH TRANSITION NO. 4 B -DISCHARGE 80,000 SEC FT

C-DISCHARGE 160,000 SEC FT D-DISCHARGE 200,000 SEC FT

DRUM GATE SPILLWAY MODEL C-4 WITH TRANSITION NO.4



PLATE 62

A—-MODEL WITH TRANSITION NO. S B-DISCHARGE 100,000 SEC.FT.

C-DISCHARGE 150,000 SEC FT D-DISCHARGE 200,000 SEC FT

DRUM GATE SPILLWAY MODEL C-4 WITH TRANSITION NO.5
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Curved Wall at Upper End of Channel

Since transitions Nos. 4 and ‘5 proved less satisfactory
than No. 3, the ldtter was replaced in position and future tests
continued with it. : Curved walls were introduced from the upstfeam
end of the spillway face to the back of the channel to smooth out
the flow in the upper end of the channel as shown in Plates 64 and
§5 and Fig. 25, The condition with the square end in the channel
is ehown on Plate 66, At low flows an undesirable wave was formed
at the upper end of the channel (Plates 64-B and 65-B) similar to
that found on the li-1 model (Plate 34). At high flows the curved
wall had 1lit¥le effect. The gemeral appearance of the spillway was
much better with a curved upstream end, and by the proper gate ma-
nipulation it would never be neceaéary to form this m@esirable
wave. The curved wall was therefore incorporated in the fimal de-
8ign.

In testing model C-4, three different forms of spillway
crest were used in an attempt to improve the discharge coefficients.
The use of the three types had no effect apparent to the eye on the
action of the spillray. Their guantitative effect on the discharge
- will be discussed in the later section of this report dealing with

the flow over ogee crests.

10



B -DISCHARGE 80,000 SEC. FT. C-DISCHARGE 200,000 SEC.FT

A-MODEL WITH SHORT RADIUS CURVE
LOOKING UPSTREAM LOOKING UPSTREAM

DRUM GATE SPILLWAY MODEL C-4
SHORT RADIUS CURVE AT UPPER END OF CHANNEL



A-MODEL WITH LONG RADIUS CURVE

B-DISCHARGE 80,000 SEC.FT
LOOKING UPSTREAM

DRUM GATE SPILLWAY MODEL C-4
LONG RADIUS CURVE AT UPPER END OF CHANNEL

C-DISCHARGE 200,000 SEC.FT.
LOOKING UPSTREAM

SO 31vid



B -DISCHARGE 80000 SEC FT C -DISCHARGE 200,000 SEC.FT
A-MODEL WITH SQUARE END LOOKIRIG UBSTREAM LOOKING UPSTREAM

DRUM GATE SPILLWAY MODEL C-4
UPPER END OF CHANNEL WITHOUT CURVE



Tests of Baffles and Similar Devices on the C-4 Model

The form of spillway finally adopted contains no baffles
or other devices to break up currents and emooth out the flow. The
tests leading up to this selection, however, included very extensive
experiments on such devices. Most of these tests were performed on
the C-4 model, Although considerable progress wag made in improving
the flow conditions by this means, satisfactory results were secured
without them and it was believed that the additional improvement did
not warrant the extra expense involved in their construction. How-
ever, it is velioved that a record of these experiments will be of
- value to future desigﬁéra of side channel and other spillways and
they are therefore briefly described herein.

The £ests in this field were very camprehensive, including
a variety of basic forms and a great number of minor changes and
cambinations of them, In all, about 100 different arrangements and
combinations were tested. To include a discussion of all of these
would unduly lengthen this report. Only a brief account has there-
fore been included, but to preserve a record of all the tests a set
of sketches of all the baffle arrangements on all of the modcls has
been drawn up and filed with the office file copies of thia roport.

Theso tests were carried on simultaneous,)y with the devel-
opmonts loading to the final design, and therefore include rumns with

baffles using all the various tramsition forms previously discussed.



In order that tho developments leading to the final design might not
be obscured, it was bolieved botter to discuss thesc main steps sep- -
arately fram tho tosts with baffles, rathor than to covor them both
in a chronological order. In discussing tho baffles, only tho stops
in the duvolopment of the principal forms will be described.

The purpose of the various baffle devices was to check the
volocity produced by the fall ovor tho spillway crest, as this would
lessen the turbulence in the channel and reducec the height to which
the water piled up on the rear side of the channcl, The accomplish-

ment of these results improved the flow conditions down the tunnel,

False Floor Sloping Across Channel

One of the first methods tested to accomplish these re-
sults was the ingtallation of a false floor sloping across the chan-
nel, intersecting tho rear side of the channel at an angle of 96° at
the olevation of tho channel bottom, as shown on Figurc 21 and Plate
67. This altoration was oxpected to raise the water surface on the
crest side and direct the jet against a normal surfaco, on which the
tendency to rise would bc lesm than in thc casec of the original form
where the angle was obtuse@. The reosults with this setup were but
little improvement bver the eriginal form, as may be scen by a cam-
parison of Plates 53 and 67, The cffect of adding curved-faced baf-
fles in throe positions om the cross sloping floor; i. e., near the

rear wall, on the conter line, and noar the crest side, were also
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PLATE 67

A-MODEL WITH FLOOR SLOPING ACROSS

CHANNEL,96° TO REAR WALL B-DISCHARGE 80,000 SEC.FT.

C-DISCHARGE 160,000 SEC.FT. D-DISCHARGE 200,000 SEC.FT.

DRUM GATE SPILLWAY MODEL C-4 TRANSITION NO.I
EFFECT OF FLOOR SLOPING ACROSS CHANNEL



-

" tried. The latter position was most beneficial as the baffles tend-

ed to even out the flow across the chamnel at all flows except the
very low ones, as shown on Plate 68, Some of the other minor changes

of this general form are shown on Figure 2l.

ﬂ:éough in Front Half of Channel

Another form of barffle tested was a ledze on the rear half
of the chamnel, leaving a trough on the crest side as shown on Fig-
ure 22 and Plate 69-A. This is approximately the same form as test-
ed o the M-1 model and shown on Plate 43. At high flows the offect
of the trough was beneficial, but for low flows it was probably less
desirable than the original design. The details of same of the vari-
ations of th:ls'major form which were tested are shown on Figure 22.

Dentated baffles on the front edge of the ledge (Plate 69=C)
resulted in improved conditioms. This form led to cutting the den-
tates in the ledge itself and them to the addition of the projecting
blocks, which made up the best form of baffle deviseds, This form of
baffle is shown on Plates 70 and ¥igure 23. The effect of the den=-
tated baffle may be seen by camparing Plates 61 and 70, A few of the
many varieties of this baffle are shown on Figure 23.

In its best form this baffle was 20 feet high at the upper
end of the chamnel and 30 feet high at the lower end, and was placed
diagonally across the channel bottom from a position 10 feet in front

of channel center lino at upper end to 10 feet in rcar of center line
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O ATE 68

A-MODEL WITH DENTATED DEFLECTORS B-DISCHARGE 50,000 SEC. FT.
ON CREST SIDE OF SLOPING FLOOR

C-MODEL WITH DENTATED BUCKETS ON

CREST SIDE OF SLOPING FLOOR BEDLSCHA SRS SEGDIO0ONS iy T

DRUM GATE SPILLWAY MOUDEL C-4 TRANSITION NO.I
EFFECT OF DENTATED DEFLECTORS 8 BUCKETS ON SLOPING FLOOR



PLATE 69

A-MODEL WITH TROUGH IN FRONT B -DISCHARGE 200,000 SEC.FT
HALF OF CHANNEL PLAIN OFFSET
C-MODEL WITH TROUGH IN FRONT HALF D-DISCHARGE 200,000 SEC.FT.
OF CHANNEL AND DENTATED SILL OFFSET WITH DENTATED SILL

DRUM GATE SPILLWAY MODEL C-4 TRANSITI

P Po e sagr Sose e e Seh 2 onf A lal B oM S A e o .

ON NO.I



PLATE 70

A-MODEL WITH DENTATED BAFFLE B-DISCHARGE 80,000 SEC. FT.
C-DISCHARGE 120,000 SEC. FT. D-DISCHARGE 200,000 SEC.FT.

DRUM GATE SPILLWAY MODEL C-4 TRANSITION NO. 3A
EFFECT OF DENTATED BAFFLES & OF CURVE IN UPPER END OF CHANNEL



at beginninz of transition. The dentates were made by cutiing notch-
es in the leading edge of the baffle, var:;ing from 10 feet to 15 feet
deep at an angle of 45° with the vertical, spaced from 8 feet to 10
feet apart. The overhanging blocks were about two-thirds the width
of the dentates. This type of bafile was tested witi all the dif-
ferent transitions and cross weirs.

Cn Plate 71 is shown this form of baffle with the 3-A
transition, wihich was the best form developed using the baffles.

The flow conditions for 120,000 second-feet and 200,000 second-feet
are given on views B and C. The improvement due to the baffle may
be observed by camparing these views with those given on Plates 60-D
and G6l-F. As will be seen, the baffles caused a material smoothing
out of the flow,

By the action of this baffle, part of the water falling
over the crest vas deflected back toward the crest side and thus
tended to nale the water level more nearly oqual on the two sides
of the channcl. T7The bhaffle face was set samewhat at an angle with
the dircction of the center linc of the channel since with the face
set on the conter line there was a tendency of thc water in the
channel to pulsatc back and forth across tho channel in a sort of
tidal motion, and ti:is did not occur with the bafflo set at an angle.
At 200,000 sccond-fect discharge the weir at the uppor ond vas sub-
merged so deeply that the overflowing stream did not dive down to

the bottar of the channel but rather it passed over the top and

14 -
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A-MODEL WITH BAFFLES

B-DISCHARGE 120,000 SEC FT

DRUM GATE SPILLWAY MODEL C-4 TRANSITION NO.3A
BEST FORM OF CHANNEL AND BAFFLE DEVELOPED

C-DISCHARGE 200,000 SEC FT
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did not come into contact with the baffles. Their efiect was, there-

fore, not as great at the maximum discharge as at scuewhat lower

flows.

Deflectors Attached to Crespr§ide of Chaniel

Plates 72 and 73 show several other forms of baffles and
deflectors which were experimented upon. The details of these setups
are given on Fizure 24. The first of these (Plate 72-A) was a straight
deflector with curved upper surface attached to the ogee 20 feet below
the crest elevation, The deflecting action at low flow is shown on
Plate 72-B.

ThS form shown on Plates 72-C and D gave better results.
This form caused two opposing currents which impinged on each other.
The portion of the overfalling nappe which passed between the teeth
followed around the channel perimeter and that meeting the top of the
teocth was deflected more or less horizontally across the channel.
These two strecams tend to meet in the channel and much of the energy
was dissipated by impact. The blocks had to be set high enough to
allow the under roll to take place beneath them. This is samewhat
objectionable at low flows, particularly at the unper ond of the
channel as there is no pool there to receive the impact of the jct.

On Plates 73-A and B is shown a combination of these curved
deflectors with a coping baffle somewhat similar to that tested on

the M-1 model. This combination gave a very satigfactory dissipation
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PLATE 72

A-MODEL WITH DEFLECTOR B8 -DISCHARGE 100,000 SEC FT.
PLAIN DEFLECTOR ON CRESTFACE-TRANSITION NO 3

C-MODEL WITH DENTATED DEFLECTORS D -DISCHARGE 200,000 SEC FT
CURVED FACE DENTATED DEFLECTO#HS> ON CREST-TRANSITION NO. 5

DRUM GATE SPILLWAY MODEL C-4
NEFE) FOCTORS NN CDEST CINE A\ MIdANINICHT



PLATE 73

A-MODEL WITH DEFLECTOR B-DISCHARGE 200,000 SEC FT
CURVED FACE DENTATED DEFLECTOR ON CREST AND COPING BAFFLE ON REAR WALL

C-MODEL WITH DENTATED BLCCKS D-DISCHARGE 40,000 SEC.FT
DENTATED BLOCKS ON CREST FACE AND CURVED WALL IN UPPER CHANNEL

DRUM GATE SPILLWAY MODEL C-4
NEFFLECTORS ON CRFST SINDF OF rHANINTETY



of the energ: of flow but introduced so much obstruction to the lon-
gitudinal flow of the vater in the channel that the flow over the
upstream end of the crest was badly obstructed. The form shown on
Plates 73-C and D seemed fairly satisfactory for hish flows but gave
undesirable results for low flows. ’

A trough on the rear side of the channel as shown in Plate
74 was also tried. This was similar to one tested on the M-=2 model

and lilee it did not give very satisfactory results.

False Rear Wall in the Channel

In addition to the baffle studies a few tests were made
to investigate the possibilities of changing the channel cross sec-
tion. This was done by inserting a false rear wall in the channel,
making an angle of 60° with the horizontal as showm on Plate 75.
This narrowed the channel bottam to half the original width at the
upstream end and full width at the lower end. This contraction im-
proved the flow conditions for a given height of cross weir. Higher
cross weirs were alco tried, as shomm on Plate 75, and the flow im-
proved as the height of the cross weir increased. The result was
not as good as that with the larger channel with weirs producing the

same degree of submergenco.
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PLATE 74

~ -MODEL WITH TROUGH NEAR REAR WALL FARGE 75,000 SEC f

O SEC O-DISCHARGE 206 00

DRUM GATE SPILLWAY MODEL C-4 TRANSITION NO 5
TROUGH ON REAR SIDE OF CHANNEL



B-DISCHARGE 200,000 SEC. FT

A-MODEL WITH FALSE BACK IN CHANNEL
I5 FT CROSS WEIR AT STA 5+17

C-DISCHARGE 200,000 SEC FT D-DISCHARGE 200,000 SEC.FT
20 FT. CROSS WEIR AT STA 4+57 35 FT. CROSS WEIR AT STA 4+57

DRUM GATE SPILLWAY MODEL C-4
FALSE BACK IN CHANNEL AND VARIOUS CROSS WEIR HEIGHT S



Drum Gate 3ide Chanmel Spillway, Model }-3, Exreriments at

Montrose Iaboratory

In order to test out on a lurger scaloc the results ob-
tained on the 1:60 scale drum gate model at the Colorado Agricul-
tural College lahoratory, a similar model was constructed on a
1:20 scale at the laboratory at Montrose. This model, except for
scale, was the samo as that tested at Fort Collins, using the 3-A
transition as shown by the prototype drawing, Figure 17. The con-
struction wvas similar to that of the M-1 model previously described.
In the rear wall of this model were placed three windows in order
that the action of the water inside the spillway chamnel might be

observed.

Flow in Original Design of =3 lodol

A number of experiménts were carried out on the M-3 model
to improve tﬁe conditions of flow in the spillway channel and through
the tunnel, These will be discussed in the folldwing paragraphs,

The details of each setup are got given in this report but copies
of sketches of all of them are filed with the office file cdpy of
this report.

Zxtonsive quantitative obsorvations were made on this
model, Theo cross scctions of the channel flow for various condi-
tions wore detorminod aﬁd the pressures on the bottom and side

walls of the channel and on the bottam of the tramsition were ob-

& 17



served. The coefficicnts of dischérge for the various forms of
crest for a wide range of flows were observod and also for the drum
gates in the various positions. Observations were also made of the
air content in the spillway channel and of the velocity of flow in
the spillway tunnel., These quantitative results are discussed in
the later sections of this report dealing with the particular fea-
tures.

The appearance of this model is shown on the three views
of Plate 76. The action of this model for flows of 40,000, 80,000
and 120,000 second-feet are shown on Plate 77, and for 160,000 and
200,000 second-feet on Plate 78. The similarity of the action of
the large s;ale model to that of the small scale may be seen by
comparing these plates to the views shown on Plates 60 and 61, At
the lower discharges the action of these spillways was very similar.
The appearance for thoe 200,000 second-foot discharge doos not show
such exact similitude but this is because at this discharge there
was a tondency for surging and the still pictures boing taken at
different points in the surgo do not show the action under exactly
the same conditions. Also, in a later part of this report the cam-

parisons of the sction for the tvo model scales will bc made on a

quantitative basis.



C-SIDE CHANNEL MODEL
LOOKING UPSTREAM

B-SIDE CHANNEL MODEL
LOOKING DOWNSTREAM

DRUM GATE SIDE CHANNEL SPILLWAY MODEL M-3

A-VIEW OF MODEL SETUP
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PLATE 77

A -DISCHARGE 40,000 SEC.FT.

B-DISCHARGE 80,000 SEC.FT.

C~-DISCHARGE 120,000 SEC.FT.

FLOW IN DRUM GATE SIDE CHANNEL SPILLWAY
MODEL M-3



PLATE 78

A-DISCHARGE 160.000 SEC.FT.

8-DISCHARGE 200,000 SEC.FT.

C-DISCHARGE 200,000 SEC. FT.

FLOW IN DRUM GATE SIDE CHANNEL SPILLWAY
MODEL M-3



Curved Wall at Upstream End of the Channel

Experiments were made on this model with curved wall at
the upper end of the chamnel similar to those investigated in the
1:60 model. Plate 79 shows one of these walls in place and the ac-

tion of the spillway with a 200,000 seconéd-foot discharse.

Experiment with Dentated Baffle

Two forms of dentated baffle were experimented upon in the
M-3 model. These were similar to the overhanging dentated form ex-
perimented on in the 1:60 model, as described on page 13 and shown on
Plates 70 and 71. The two forms tested on the M-3 model were similar
except that in the second form the altermate teeth of the first form
were removed, Experiments were also made with the closely-spaced
teeth and the curved wall at the upper end of the channel,

Plate 80, view A, shows the first form of dentated baffle
experimented upon, It is an exact duplicate of that shown on Plate
70 in the 1:60 model. The results of this médel are shown on Plates
80 and 81 for discharges of 40,000 to 200,000 second-feot. The sim-
ilarity of the action of this model with that of the 1:60 model may
be seen by comparing these views with those shown on Plates &1 and 70.

The runs on Plates 80 and 81 were mede with a square end on
the channel, as shown on Plate 76. Thoée on Plates 82 and 83 were
mado with a curved wall at the upstream ond of the chamnel. The sec-

ond form of dentated baffle was made from the first by removing the
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PLATE 79

A-NO FLOW B-DISCHARGE 200,000 SEC FT
LOOKING DOWNSTREAM

C-DISCHARGE 200,000 SEC. FT.
LOOKING UPSTREAM

CURVED WALL AT UPPER END OF CHANNEL
DRUM GATE SPILLWAY MODEL M-3



PLATE 80

A-NO DISCHARGE

B-DISCHARGE 40,000 SEC. FT.

DISCHARGE 80.000 SEC FT

FLOW WITH FORM 3 OF DENTATED BAFFfLE
IN DRUM GATE SPILLWAY MODEL M~-3



PLATE 8l

A-DISCHARGE 120,000 SEC. FT

B-DISCHARGE 160,000 SEC. FT.

C-DISCHARGE 200,000 SEC. FT.

FLOW WITH FORM 3 OF DENTATED BAFFLE
IN DRUM GATE SPILLWAY MODEL M-3



A-LOOKING DOWNSTREAM

B-LOOKING UPSTREAM

FORM 3 OF DENTATED BAFFLE WITH CURVED WALL AT
CHANNEL END. DRUM GATE SPILLWAY MODEL M-3

C-DISCHARGE 31,500 SEC F7T
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PLATE 83

A -DISCHARGE 120,000 SEC. FT. B ALSCIARCE NG, 513G, [7 1
MODEL M-3

C-DISCHARGE 200,000 SEC. FT D-DISCHARGE 200,000 SEC. FT.

FORM 3 OF DENTATED BAFELE WITH ¢ URVED WALL

Al
CHANNEL END DRUM GCATE

SPIL L WAY MODLEL M 3



A-NO DISCHARGE

B-DISCHARGE 40,000 SEC. FT.

FLOW WITH FORM 2 OF DENTATED BAFFLE
IN DRUM GATE SPILLWAY MODEL M-3

8 3LVvd



alternate teeth. This baffle is shown on Plate 84, view A, and with
a discharge of 40,000 second-feet on view B, The action of this baf-
fle is quite similar to that having closer-spaced teeth. Both of
these baffles resulted in the smoothing out of the water surface in
the channel, but offered some obstruction to the flow. The improve-
ment was not believed to be sufficient to justify the expensive con-

struction necessitated by the baffle, and tiaerefore none was used in

the final design.

F;gy with Drum Gates Raised

A series of experiments was made with the drum gates raised
in order to determine the action of the spillway under these condi-
tions and to see if it were possible to obtain better conditions of
flow at low discharses by means of adjusting .the various gates.

Plate 85, view A, shows the conditions in the spillway wheﬂ discharg-
ing 31,500 second-fest with all the gates at theilr maximum elevation
(1221.7), This is the condition which it was estimated would be
reached by the peak of a flood equal to the 1884 flood if the flow
was distributed equally between the two spillways. This is the larg-
est flood of which there is a usable record. Views B anc C of Plate
85 show the effect of different gate levels at the different ends of
the spillway. In view B the greatest part of the discharge came from

the upstream gates. The upstream gate (1o. 1) was entirely down.
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PLATE 85

A-DISCHARGE 31,500 SEC FT
ALL GATE CRESTS AT EL. 1221.7

B-DISCHARGE 144,000 SEC. FT

LARGEST FLOW FROM UPSTREAM GATES OB CHARGE 158,880 SEC. FT.

LARGEST FLOW FROM DOWNSTREAM GATES

FLOW WITH DRUM GATES UP. SPILLWAY MODEL M-3



Gate 2 was ome-rTourth p, gate 3 one-half up, and gate 4 three-
fourths of its full height up, The discharge was 144,000 second-
feet, which was the'greatest that would flow over the spillway
crest under these conditions with a water level at the maximum
flood linc, elevation 1232i In view C the discharge was largest
over the downstream gatess Gate 4) the downstream gate, was en-
tirely down, gate 3 one-fourth up, gate 2 one-half up, and gate 1
three-fourths up. These experiments showed that at low dischargos
improvement in the flow conditions could be secured by having the
greatest flow ovor the downstream end of the spillway but at larger
flows the hest results were obtained with greater flows over the
upstream ond of the crest. This is because for amall discharges
the depth of water at the lower end of the chamnel is relatively
much greater, with rospect to that at the upper end, than at large
flows on account of the pool formed just upstream froem the cross
weir of the channel. This greater depth can dissipate the cnergy
of the small flows with relétively small disturbance, while the
water pasging over the uppoer end of the weir does not fall into
this pool. At larger dischargecs the depths at the two ends of the
channel become morc nearly equal, but the drop from reservoir level
to channel lovel is lcss at the upper end and the disturbance there
is therefore less.

The flow conGitions for gates uniformly raised one-fourth

of the way up are showm on Plates 86 and 87, In this case, the tur-



A -DISCHARGE 31,500 SEC. FT.

B-DISCHARGE 50,000 SEC. FT.

FLOW WITH DRUM GATES ONE-QUARTER UP
SPILLWAY MODEL M-3

C -DISCHARGE 80,000 SEC. FT
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A-DISCHARGE 120,000 SEC. FT.

B-DISCHARGE 150,000 SEC. FT.

FLOW WITH DRUM GATES ONE-QUARTER UP
SPILLWAY MODEL M-3

C-DISCHARGE 150,000 SEC. FT.
LOOKING DOWN TUNNEL TRANSITION
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bulence in the chamnel is slightly groater than for the gates down,
since tho water level in the resgrvoir is higher with tho gates up
and therefore the drop botweon the reservoir surfaco and tho water
level in the channel is greater, c@using more energy to bo dissi-

pated in tho sido channel and ther.ufare more turbulence to be pro-

-

duced,

Direction of Currents in Side Channel Spillway

Obsorvations were made on the direction of the current in
the sido channel by obsefving tho path teken by a stream of colorod
water introduced into the flow in front of the windows which were in
the rear sido of thec channel. Plate 88 shows the path for a 200,000
socond-foot diecharge at these throe windows., It will be noted that
in all cases tho flow is diagonally upward in the diroction of the
flow down the channcl. This confirms the results obtained on the
C-2 model. The upward direction of flow at the dovmstroam window
is due to the wvater rising to pass over the weir at the entrance to
the transition., The rising path at the other two windows is due to
a combination of tho rising strcam on the back side of the channel,

together with tho longitudinal flow in the channel itself,

Refercnce to Airggpntent in tho Channel

Extonsive experiments were made on the }M-3 model to deter-

mine the air content in the vwater passing down the sido channel and
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A-UPSTREAM WINDOW

B -MIDDLE WINDOW

DIRECTION OF CURRENTS IN SIDE CHANNEL SPILLWAY
FOR 200,000 SEC. FT. DISCHARGE OBSERVED THROUGH
WINDOWS IN REAR WALL OF MODEL M-3

C-DOWNSTREAM WINDOW
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|5 B-APPARATUS FOR MEASURING
A-METHOD OF OBSERVING AIR CONTENT C-PIEZOMETERS FOR OBSERVING
CREST ELEVATIONS PRESSURE ON WALLS AND BOTTOM

INSTRUMENTS AND METHODS USED IN MAKING MEASUREMENTS
DRUM GATE SPILLWAY MODEL M-3



the pressure at numerous points on the side walls and in the transi-
tion section. Plate 89, view B, shows the apparatus used to deter-
mine the air content. View C shows a éet of monometer tubes used
to observe the pressure of the water on the bottom of the transi-
tion. Detailed results of these experiments are given in a later

part of this report,

2xperiments on 1:100 Scale Model, M-4

A model on 1:100 scale was constructed of the same shape
as that on the 1:20 scale previously described, and the 1:60 scale
at Fort Collins laboratory with the 3-A transition. The prototype
dimensions are given 6n Figure 17. In this model the transition
was constructed with an open top so that the flow could be readily
observed. The condition for various discharges are shown on Plates
90 and 91. The results were very similar to those on the 1:20 and
1:60 models, The quantitative comparison of these results is given

in a later part of this report.

Similitude of Results on C-4 and M-3 liodels

The similarity of the results obtained on the models M-4,
C-4 and -3 was so close that great confidence was felt in the prin-
ciples of model testing and that the results obtained on the models
could be extended to the Qction of the prototype. A comparison of

these results on a quantitative bvasis is given in Book 3. The ap-
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R = B-DISCHARGE 40,000 SEC. FT. C-DISCHARGE 80,000 SEC FT.

FLOW IN [:100 SCALE SPILLWAY MODEL M-4



A -DISCHARGE 120,000 SEC. FT

8-DISCHARGE 160,000 SEC. FT.

FLOW IN 1:100 SCALE SPILLWAY MODEL M-4 -

Z-DISCHARGE 200,000 SEC. FT.

16 31vVd



pearance of comparable tests for all cases where good photographs
are available are shown on Plates 92 to 94 inclusive. Plate 92,
views A and B, shows the C-4 and -3 models without baffles and
views C and D show the appearance with flows corresponding to
200,000 second-feet. The actions are seen to be very similar,
there being a strong resemblance between the two even in the case
of the minor wavé formations. In the 1:20 model the vater surface
is more frothy, as a result of the fact that the surface tension,
being of the same magnitude in both models, is relatively amaller
in the case of the larger model. Comparison of model and prototype
on other structures where available
results/also show a similar relation, as there was more spray and
foam in the case of the prototype.

The  same models with curved upstream ends and dentated
baffles are shown on Plates 93-A and F. Comparatle views for flows
of 200,C00 second-feet are shown on views C and D. The general
agreement in apvearance is close but there is some difference in
detail. The flow conditions fram tha standpoint of these minor
differences go through a certain rough cycle and unless the two
photographs were taken at the same position in the cycle, they
would differ somewhat in appearance, although the action in the
two spillways might be exactly similar., For this reason the com-
parison on Plate 93 gives an impression of less exact agreement
than really existed. Comparisons of the conditions for flows of

160,000 and 120,000 second-feet are shown on Plate 94. The agreement
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PLATE 92

A-FORT COLLINS 1:60 MODEL B~-MONTROSE (:20 MODEL
c-4

M-3

C-DISCHARGE 200,000 SEC. FT
! D-DISCHARGE 200.000 SEC FT
MODEL C-4 MODEL M-3

COMPARISON OF FLOW CONDITIONS IN C-4 AND M~-3 MODELS
NO BAFFLE IN CHANNEL



PLATE 93

A-FORT COLLINS 1:60 MODEL B-MONTROSE 1:20 MODEL
C-4 M-3
C -DISCHARGE 200,000 SEC FT D-DISCHARGE 200000 SEC FT
MODEL C-4 MODEL M-3

COMPARISON OF FLOW CONDITIONS IN C-4 AND



PLATE 94

A -DISCHARGE 160,000 SEC FT B-DISCHARGE 160,000 SEC. FT.
MODEL C-4 MODEL M-3
C-DISCHARGE 120,000 SEC. FT. D-DISCHARGE 120,000 SEC. FT.
MODEL C-4 MODEL M-3

COMPARISON OF FLOW CONDITIONS IN C-4 AND

L2 . "™ RAAANIETI © WITI INCALITATCOCIY OQACCIL E IN ,AIANINET



here is also very goed. It is believed that these three plates

show that very satisfactory agrecment was secured between the re-
gimilarity was

sults of these two models. Very close also ob-

tained with tho quantitative comparisons of the 1:100, 1:60 and

1:20 scale models; as will be shown in Book 3. Visual comparison

was not possible in the case of the 1:100 model on account of the

lack of satisfactory photographs.

The Final Spillway Design

As a result of the tests of the weir nappe shapes, and

the flow over various ogee shapes, described in Book 4 of this re-
port, a forp of ogee crest was developed which permitted a greater
flow over it than the forms used on the C-4 and M-3 models. This
improved form was incorporated in the final desisn. The other prin-
cipal differeﬁce between the final design and the semifinal design,
represented by the C-4, 1:~-3 and M-4 models, was in the height of the
cross weir in the spillway channel. In the semifinal designs the
creat of this weir was at eievation 1140. To use a higher weir with
‘these models backed the water up in the channel for discharges of

) 200,000 second-feet to such an extent that the flow over the upper
end of the spillway weir was considerably reduced. The tests of the
C-4 model, with the No. 3 transition, which had a cross weir at el-
evation 1145, showed however that better flow conditiona.were ob-

tained in the spillway channel and the tunnel than with a weir at
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elevation 1140, This was a considerable advantage as it made the
pulsating conditions which were experienced with the M-1 model still
less likely to occur in the prototype. It was found that with the
irproved crest form the discharge would be practically the same with
the higher cross weir as with the former crest form and lower weir.
Slightly lower levels would te obtained in the reservoir by using
both the improved crest and lower weir, but this difference was so
small that the advantage of tetter flow conditions predorinated and
the cross weir at elevation 1145 was adopted. The effect of the
changes incorporated in the final design was therefore an improved

condition of flow rather than an increase in discharge capacity.

Tests on Models of the Final Design

Extensive tests were made on the models of the final de-
sign, These fall into two genéral classifications; wvisual tests
and quantitative tests. The visual tests consisted of:

l. Observation of the flow conditions with all gates down and
with gates partly and completely raised.

2. Tests to determine the best form of downstream end cof the
piers on the crest.

3. Test of a device for improving flow conditions at the up-

stream end of the channel,

4, Tests to determine the best operating program for the gates

during a flood,
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The quantitative tests consisted of:

l. Determination of crest discharge coefficients with gates
closed, partly raised, and fully raised, and comparison of the re-
sults on the three r.odels.

2. Obtservation on the depths of flow in the spillway channel
and transition, and comparison of the results on the different models.

3. Determination of pressures on the bottom and sides at vari-
ous points on the crest, channel and transition and comparison of the
results on the three models,

4, lieasurement of air content of the water flowing in the side
chanrel.

Visual determination of flow conditions were made on all
three models and comparisons cf the action of the various models
was made by means of photographs to determine the reliability of
the prinziples of similitude.

The operating progream was worked out principally on the
1:60 model as it ms easier to manipulate the gates on it. Some
tests, however, were made cn the 1:2C model. The tests of the gate
Fiers were made on hoth 1:¢C and 1:2C scales, The test for the de-
vice for improving the flow at the upper end of the channel was made
only non the 1:20 model.

Cf the quantitative tests, the crest coefficient determi-

nations were made on all three models and the observations of pres-
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sures on the crest, channel and transition, were made on the 1:20
and 1:60 models, The observations on the depth of 1low in the
channel and transition were made on all models, The air content
was determined only on the 1:2C model. The results of the quan-
titative tests and the comparison of them from the standpoint of

similitude are given in Book 3 of this repoxrt.

Final Design Models M-5, C-5 and C=6

The final design 1:20 scale model M-5 at the Montrose
laboratory was constructed of galvanized sheet iron over a wood
frame in a manner somewhat similar to that of the M-1 and M-3
models previously described. Advantage was taken, however, of
the experience gained on the early ones and the framing was de-
signed somewhat difierently, A plan and vertical section of this
model is shown on Figure 26. A cross section of the model with the
adjacent topozravhy is shown on Figure 27. Two views showing dif-
ferent stages of the construction are shown on Plate 95. This plate
also shows views of the completed model. Other views of the model
are shown in connection with a comparison of the views of the three
models on Plates 97 a2nd 98, The gates of this model could be raised
to any desired height by msans of screws operated from the inside.
The entire shape of the gates was not built, and a canvas diaphragm

was used to prevent the water from passing through the space beneath

28



Cof

Froor ot taredoy

\ /
\\\‘.m 5003¢0My of Nevads o/
\

no

canyon walt..- >
“
—~—— A

=
s 4

- Lol ——

P

PLAN

SECTION ALONG CENTER LINE

SCALE OF MODEL

"y

200 v 1 o soar
1-:-0-?&- +~ + + <
»% © @

N e e
PROTOTYPE

*30"Wood stove pipe

NOTE

For typical cross section see
Dwg 45-D-2900.

_.+30" Wood shove pipe

ORPARTWVENT OF YHE INTERIOR
BUREAU OF RECLAMATION
BOUWDER CANYON PROJECT
HOOVER DAM HYORAULIC EXPERIMENTS
FINAL DESIGN SIOE CHANNEL SPILLWAY
PLAN & SECTION OF MODEL M—5
MONTEDSR

LASORATOAY
SRy cwa e T tap ans .
e 10 NOC Oosnstmese

92 ©N 214

oucud wes.

DV




-Aus of weirr

R=T3".

El. 1237
5. o,
: l f
am s e A_T'c“! or uootL 2rr ‘ I'“'Q Channel
llo l'l I;_; z l'c a'o :'o alon Crest EI |2054.\ l‘ l f
sROTOTYPL SRR e s i '
N IR | ;
£ ‘gﬂ S | i | [N
: Ryl f..;] X l %1 Slope...._. . .
19 ! t ( . by
l ||' 1 ', ' {
Tar-, 1H'1nE ‘ i i
Metal sealing strip---- P § ; [ \ |
= W SIS ' 3
1{,': i e oo - * X ny
Sl . |
Topography of Nevada l
canyon wall---.

HOOVER DAM NYDRAULIC CXPEZRIMENTS
TYPICAL CROSS SECTION
OF MODEL M-S

.................

L2 94



1: 20 MODEL RATIO

1:60 MODEL RATIO

1:100 MODEL RATIO

COMPARISON OF SPILLWAY MODELS, FINAL DESIGN
LOOKING UPSTREAM

|

PLATE 97



PLATE 98

1: 20 MODEL RATIO

| 60 MODEL RATIO

1'100 MODEL RATIO

COMPARISON OF SPILLWAY MODELS, FINAL DESIGN
LOOKING DOWNSTREAM
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the top of the gate. This model was provided with windows in the
side channel to observe the flow. It was pa:lﬁted with a very light
gray paint and lines vere painted on to show the stati&ning along
the channel and the elevations. The same transition, slightly
modified, vas used for this as for the }-3 model and the model of
the tunnel vas the same as for the I-1 and M-3 models.
‘ The 1:60 model {C~5) of the final design of the spillway
was constructed in a very similar mammner to that of the C-4 model.
The design of this model is shown in detail on Figure 28, ].:t dif-
fers from the other models in having gates which could be quickly
raised or lowered by means of push-rods actuated through a rack
and pinion from the outside of the model, This arrangement greatly
facilitated the experiments to determine the effect of gates in va=-
rious poeitionso The topography in front of the mpdel was construct-
ed of a lean cinder concrete. Views of this model from the upstream
side showing the topography are given on Plate 96. An idea of the
very large size of the prototype of this spillway may be gained by
comparison of the size of the model of thé spillwey with the minia-
ture automobile and truck in front of the .le'ft end of the crest in
the upper view., Other views of this model are shorm on Plates 97
and 98,

The 1:100 model.was also constructed of galvanized iron

over a wooden frame. Great care was taken to secure an eccurate
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1:20 MODEL RATIO

160 MODEL RATIO

1:1100 MODEL RATIO

COMPARISON OF RESULTS OF EXPERIMENTS ON
SPILLWAY MODELS,FINAL DESIGN. LOOKING UPSTREAM
DISCHARGE 200,000 SEC. F'I

THE DESIGN CAPACITY

PLATE 99



1:20 MODEL RATIO

1:60 MODEL RATIO

1:100 MODEL RATIO

COMPARISON OF RESULTS OF E_XPERIMENTS ON
SPILLWAY MODELS, FINAL DESIGN. LOOKING DOWNSTREAM

DISCHARGE 200,000 SEC. FT.
THE DESIGN CAPACITY

PLATE 100



reproduction in order that the results of the three models would be
comparable. No gates were used on this model, and the crest was
shaped to represcat the shape with the drum gates dovmn. Views of

this model are also shown on Plates 97 and 90.

Similarity of Visual Results on the Three Final Design Models

The action of all three models for all the conditions ex-
perimented upon '7as found to be surprisingly similar, This is strik-
ingly shovm by comparing the photographs of the flow in the three
models for the corresponding discharges and gate settings, as shown
on Plates 97 to 112 inclusive., Plates 97 and 98 are comparable
views of the threc models ﬁith no flow. Plates99 and 100 show the
three models +with discharges corresponding to 200,000 second-feet,
the former lookin; upstream and the latter dowmstream. A very close
correspondence in the general features is noted, and in most cases
this extends to the dectails of tho wave action as well. This is
particularly truc in Plate 100 as shown by the close correspondence
beteen the wave action bclow each of the corresponding gatos.

The flow conditions in the channel for discharges of
160,00 sucond-:Tuct and over went through a series of rough cyclos,
in whick cortain forms of flow appeared at intervals., Unloss tho
photographe wore tal:cn at the same stage‘in the cycl. they would
appear to indicaic different flow conditicns, e¢ven if the conditions

considering the whole ecycle werc exactly the same. For this rweason
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PLATE 10l

i1:20 MODEL RATIO

1: 60 MODEL RATIO

I:100 MODEL RATIO

COMPARISON OF RESULTS OF EXPERIMENTS ON
SPILLWAY MODELS,FINAL DESIGN. LOOKING UPSTREAM
DISCHARGE 160,000 SEC. FT.



PLATE 102

I 20 MODEL RATIO

1 60 MODEL RATIO

1:100 MODEL RATIO

COMPARISON OF RESULTS OF EXPERIMENTS ON
SPILLWAY MODELS,FINAL DESIGN. LOOKING UPSTREAM

DISCHARGE 160,000 SEC. FT.



PLATE I10S

1120 MODEL RATIO

1:60 MODEL RATIO

1:100 MODEL RATIO

COMPARISON OF RESULTS OF EXPERIMENTS ON
SPILLWAY MODELS,FINAL DESIGN. LOOKING UPSTREAM

DISCHARGE 80,000 SEC. rI.



PLATE 106

1120 MODEL RATIO

1:60 MODEL RATIO

1:100 MODEL RATIO

COMPARISON OF RESULTS OF EXPERIMENTS ON
SPILLWAY MODELS, FINAL DESIGN. LOOKING DOWNSTREAM

DISCHARGE 80,000 SEC. FT.



PLATE 107

1:20 MODEL RATIO

1:60 MODEL RATIO

1:100 MODEL RATIO

COMPARISON OF RESULTS OF EXPERIMENTS ON
SPILLWAY MODELS, FINAL DESIGN. LOOKING DOWNSTREAM

DISCHARGE 40,000 SEC.FT.



220 MODEL RATIO-GATES RAISED %

1:20 MODEL RATIO-GATES COMPLETELY RAISED

1'60 MODEL RATIO-GATES RAISED -:—

1:60 MODEL RATIO-GATES COMPLETELY RAISED
COMPARISON OF MODELS OF FINAL SPILLWAY DESIGN
GATES RAISED

801 3Llvd



1:20 MODEL RATIO 1:60 MODEL RATIO
DISCHARGE 80,000 SEC. FT.

1120 MODEL RATIO 1:60 MODEL RATIO
DISCHARGE 40,000 SEC. FT.

COMPARISON OF RESULTS OF EXPERIMENTS ON SPILLWAY
MODELS, FINAL DESIGN,GATES RAISED :

aq
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1:20 MODEL RATIO 1:60 MODEL RATIO
DISCHARGE 80,000 SEC. FT.

1:r20 MODEL RATIO 1:60 MODEL RATIO
DISCHARGE 40,000 SEC. FT.

COMPARISON OF RESULTS OF EXPERIMENTS ON SPILLWAY
MODELS, FINAL DESIGN, LOOKING UPSTREAM, GATES RAISED

1
2
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1:20 MODEL RATIO 1:60 MODEL RATIO
DISCHARGE 80,000 SEC. FT.

1'20 MODEL RATIO 1:60 MODEL RATIO
DISCHARGE 40,000 SEC. FT.

COMPARISON OF RESULTS OF EXPERIMENTS ON SPILLWAY MODELS,
FINAL DESIGN, LOOKING DOWNSTREAM,GATES RAISED '5
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1:20 MODEL RATIO 1:60 MODEL RATIO
GATES RAISED 7 -DISCHARGE 40,000 SEC. FT.

M

1:20 MODEL RATIO 1:60 MODEL
GATES COMPLETELY RAISED-DISCHARGE 40,000 SEC. FT.

COMPARISON OF RESULTS OF EXPERIMENTS ON SPILLWAY
MODELS. FINAL DESIGN, GATES RAISED
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the similarity of flow may have been even better than indicated by
the photographs,

The effect of the same surface éension in the water in
all three models is noticeable in the incréase in surface roughness
or frothiness as the size of the model is increased, and the surface
tension therefore relatively reduced. Plates 101 and 102 show the
conditions in the three models for flows corresponding to 160,000
second-feet with all the gates down. Here again the close similar-
ity even in the wave forms is noticeable., This is also noticeable
on Plates 103 and 104 which show the conditions for flows of 120,000
second-feet, in Plates 105 and 106 for 80,000,and in Plate 107 for
40,000.

The flov conditions with the drum gates in raised positions
for the 1i-5 and C-5 models show the same close correspondence of flow
conditions. Plate 108 shows the models with no flow. On Plate 109
are shown comparisons for flows of 40,000 and 80,000 second-feet with
the gates raised one-quarter. A similar comparison is shown on
Plates 110 and 111 for gates half raised. On Plate 112 is shown
the conditions for discharges of 40,000 second-feet with gates three-
quarters and fully raisede In all these conditions the correspondence
is very close, in most cases extending to the minor v@ve forms.

It is believed that a detailed study of the results of the

comparable runs on the three models as shown by these photographs
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will demonstrate conclusively the close similarity of the action of
these models, the smallest of thich is one-fifth the size of the
largest. This fact, together with the fact that whenever it has
been possible to obtain comparisons between models and their pro-
totypes, a close similarity has alwvays been found, is believed to
be sufficient grounds for the conclusion that the spillways of the
Hoover Dam will perform in a mAnner very close to that indicated
by the model tests and that the great volumes of water involved
w7ill be safely handled. This conclusion is still further confirmed
by the quantitative comparisons of the results obtained on these

spillways, as given in Books 3 and 4 of this report,

Study of tho Shape of Downstream End of Crest Piers

One of the valuable rosults of model tests is the check
which they give of the performance of the details of the structures
as well as of the main features. When the -5 and C-5 models of the
spillwvay woreo first tosted, it was discovered that a partial vacuum
formed under tho nappe flowing over the gate with the gates in a
partially raised position, At the ends of the gates, the water
flowed around the pier in such a manner that no opening existed
behind tho pier through vwhich air could flow to the space beneath
the nappe, from vhich air was continually being carried awvay by the
overflowing vater. This condition is shovm for various gate open-

ings and flows on Plate 113. The water at the ends of thoe gate
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PLATE 113

GATES RAISED FULL HEIGHT
LAKE AT EL. 1232

GATES RAISED ¥4-DISCHARGE 90,000 SEC FT

GATES DOWN-DISCHARGE 200,000 SEC FT

CONDITION AT DOWNSTREAM END OF GATE PIERS
ORIGINAL DESIGN M-S MODEL



spread rapidly in a lateral direction and maintainod a sheet of
wvater ono side of vhich vas constantly in contact with tho pier
faco. In ordor to cause this sheet to break contact with the

pier, and form an open space through which aeration of the nappe
could take place, the parallel sides of the pier were extended
dowvnstream and the cylindrical portion at the downstroam end of

the pier ms made wvith a smaller radius than half tho pier thick-
ness. This resulted in an offset at the downstream edge of the
parallal s;des of the pier. Several cambinations of radii and
extension of parallel sides were tested. The results of several

of them arc shown on Plate 114. View A vwas taken looking dovm

from the top of thoc pier. With an extension of the parallel. sides
of the pier 1.5 feet further downstream than in the orisinal de-
sign, and a decrease of the radius of the cylindrical portion of
1.0 feet, which produced a 1l.0-foot offset in the picr sides at
this point, It shovs a spacc betwoen the edges of the nappes from
the twvo gates and the face of the pier. Through this space air could
pass to aerate tho undor side of the nappe. Views B and C show re-
sults with other oxtensions and pier radii. It was desirable to re-
duce the extension to a minimum, in order to reduce the volume of
concrote in the piers. An extension of 1.33 feet and a decrease

of pier radius of 1.0 feet were finally adopted. This shape closely

approximates that shown on view A.



PLATE 114

A-PARALLEL SIDES EXTENDED I.5 FT
CYLINDER RADIUS (¥ PIER THICKNESS=-1.0 FT)

B-PARALLEL SIDES EXTENDED 2.0 FT.
CYLINDER RADIUS(Y, PIER THICKNESS-1.0 FT))

C—-PARALLEL SIDES EXTENDED 1.5 FT.
CYLINDER RADIUS (/2 PIER THICKNESS-1.S FT.)

CONDITION AT DOWNSTREAM END OF GATE PIERS
SIDES EXTENDED,CYLINDER RADIUS DECREASED



PLATE 114

A-PARALLEL SIDES EXTENDED 1.5 FT.
CYLINDER RADIUS (% PIER THICKNESS-1.0 FT)

B-PARALLEL SIDES EXTENDED 2.0 FT.
CYLINDER RADIUS (s PIER THICKNESS =10 FT)

C-PARALLEL SIDES EXTENDED L5 FT.
CYLINDER RADIUS (Y2 PIER THICKNESS-1.5 FT.)

CONDITION AT DOWNSTREAM END OF GATE PIERS
SIDES EXTENDED,CYLINDER RADIUS DECREASED



PLATE 114

A-PARALLEL SIDE.S EXTENDED I.5 FT.
CYLINDER RADIUS (!5 PtER THICKNESS-I.0 FT,)

B-PARALLEL SIDES EXTENDED 2.0 FT.
CYLINDER RADIUS(Y, PIER THICKNESS=-LO FT)

C~-PARALLEL SIDES EXTENDED L5 FT.
CYLINDER RADIUS ("2 PIER THICKNESS -1.5 FT.)

CONDITION AT DOWNSTREAM END OF GATE PIERS
SIDES EXTENDED,CYLINDER RADIUS DECREASED



Baffle at Uppor End of Chamnel

At low discharges, i7ith the gate near tho upstream end of
the crest at equal elevations, an undesirable wave formed at the
upstream end of the channel, due to the effect of the curved wall
at the upper end, as described on page 10. In order to remedy
this condition a form of baffle was tested in the 1:20 scale model.
It consisted of two steps, as shown on Plate 115. The_baffle, how-
ever,.did not removo the undcsirable wave. The conditioﬁs for flovs
of 20,000, 40,000 and 80,000 second-fect are also shovmn on Plate
115. The action of tiic baffle became more effective at higher dis-
charges, but even -ith no baffle the i:ave action tended to decrease
as the discharge increased. Hence, little improvement -as offected
by the bafflc at any discharge. Somevhat bettor results viere ob-
tained by removing the lotier of the two steps and placing an over-
hanging coping on thc higher step. By the proper opcration of the
drum gates during a flod, however, as described in the last para-
graphs of this book, the undesirable wave tas largely oliminated,
oxcept for such small discharges that no harm could rcsult, and it
was not considored worth vhile to make further search for a baffle

form for this purpose.
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BAFFLE WITH NO FLOW DISCHARGE 20,000 SEC. FT.

DISCHARGE 40,000 SEC. FT. DISCHARGE 80,000 SEC. FT.

TEST OF BAFFLE AT UPPER END OF CHANNEL

Sl 31vAd



EFFECT OF CROSS WEIR IN CHANNEL
At the conclusion of thgbxperiments on the 1:20 model, to
determine the discharge coefficient of the sﬁillway crest without the
sulmergence caused by the cross weir in the spillway channel, a por-
tion of this weir was removed, which loworéd the offoctive crost ape
proximatcly 12 ft. Thc improvomont in tho flow conditions in thc chan-
ncl duo to tho higiicr woir is strikingly shown by a comparison of thc

conditions with thc weir at the two hoights, as shovm on Plato 116.

Detcrmination of Gato Operating Program

In ordor that tho épillways might function in the bust pos-
8iblo manncr an cxtcnsive study was madc on the C-5 modcl to detcrmino
thc way in which the gates should bc opcrated during a flood, Most of
tho prcvicus experiments had bocn carried on with the gatos all at the
same cleviticn altho on tho M-3 modcl (Plato 85) somo studios werc
nado with gntos at various olcvations, In all, 75 diffcrent opora-
ting programs worc tricd out. Those combinations fell into fivo groups
according to tho action of the gates as the flow is increasod, -rhich
sioro as follows: (1) c¢ll gatos moving at the samo ratc and olovation;
(2) oach gutzs lowered entiroly down bofore thc noxt gato starts; (3)
cach gatu lovorcd fivo ft. boforc the noxt succossive gato starts,
aftor which thcy 21l move down ~t the samo rato; (4) sumo as group
No. 3 cacopt using 10 ft, drop insteocd of 5 ft.; and (S5) some miscole
lanoous ordors.

0Of thoco ceventy-fivo programs, threc were nearly equally

dogir:blo, md woru solccted for furthcr dot~ilcd study. In program
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DISCHARGE 200,000 SEC.FT. DISCHARGE 160,000 SEC. FT.
CONDITIONS WITH CROSS WEIR AT FINAL DESIGN HEIGHT

( £1

®

CONDITIONS WITH CROSS WEIR LOWERED 12 FT.

EFFECT OF LOWERING CROSS WEIR ON
CHANNEL FLOW CONDITIONS

91 Jivd



A of these thre., sates 1 and 4 (numbering from the upstream end of
the channel) loviered equally until they were doom 5 ft., at vhich
time the middle two gates, 2 and 3, started to drop and all four
cgates lowered at the samo rate until they roa&ched the fully open
position, In program-B the upstrocm gato, No. 1, lowercd 5 ft., at
which point tho romeining three gatos started to drop and all four
gatos continucd to lowor at tho samo ratc. In program C all the
zates droppod at tl.e samo timo and rato. Tho action of thc wator
for thosc various programs is shown on Platcos 117 to 122 inclusive.
Tho action is showm quantitatively on Figuros 61 and 62 in Book 3.
The action of tho apillway for theco threo programs was so0 ne.rly
oqually desiralle that it wos difficult to deocido which was best,
Program C, in vhich all thq,gatcs move together, was finally seloct-
ed for adoption, largcly bccausc of simplicity. This is tho ar-
rangemcﬁt therefare vhich will be used in case it is nccecssary to

dischargc watcr over thoe spillways of the Boulder Dam,
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PLATE 118

A-DISCHARGE 80,000 SEC.FT.

B-DISCHARGE 120,000 SEC.FT.

C-DISCHARGE 160,000 SEC.FT.

GATE OPERATING PROGRAM-A
GATES | AND 4 ARE 5 FT. ABOVE GATES 2 AND 3
LOOKING DOWNSTREAM



PLATE 119

A-DISCHARGE 80,000 SEC.FT.

B-DISCHARGE 120,000 SECFT.

C-DISCHARGE 160,000 SEC.FT.

GATE OPERATING PROGRAM-B
UPSTREAM GATE SFT ABOVE GATES 2,3 AND 4
LOOKING UPSTREAM



«

A-DISCHARGE 80,000 SEC.FT.

B-DISCHARGE 120,000 SEC.FT.

C-DISCHARGE 160,000 SEC. FT.

GATE OPERATING PROGRAM-B
UPSTREAM GATE SFT. ABOVE GATES 2,3 AND 4
LOOKING DOWNSTREAM

PLATE

120



PLATE 121

A- DISCHARGE 80,000 SEC.FT.

ik

B- DISCHARGE 120,000 SEC.FT.

C-DISCHARGE 160,000 SEC.FT.

ADOPTED GATE OPERATING PROGRAM-C
ALL GATES AT THE SAME ELEVATION
LOOKING UPSTREAM



A-DISCHARGE 80,000 SECFT

B-DISCHARGE 120,000 SEC.FT.

C-DISCHARGE 160,000 SEC.FT.

ADOPTED GATE OPERATING PROGRAM C
ALL GATES AT THE SAME ELEVATION
LOOKING DOWNSTREAM

PLATE 122





