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Subject: Aerodynamic model studles of the outlet works 1ntal<e structure
for Twin Buttes Dam--San Angelo Progect Texas

PURPOSE ‘

Tests were made to develop cavitation-free entrances and to determme :
losses for the three-barrelled inlet. structure of the outlet works. |

| CONCLUSIO'st

1. The circular bellmouth entrances ‘initially proposed produced cavita-
tion pressures on some of the flow surfaces when the outlet gates (or a - -
gate) were fully opened and the reservoir elevation was hlgh (Flgures 4,

6, 7, and 8).

2. The severe subatmospheric pressuresfound in the circular bellmouths
were relieved by disrupting the flow with spoilers at the entrances (Fig-

ures 513 and 10). The spoilers presented constructlon problems that pre-. -
cluded their use on this structure.

3. Subatmospheric pressures that occurred on the crown of the c1rcu1ar
entrances were relieved by lowering the approach floor (Figure 9). How-
ever, the amount of relief was 1nadequate and lowermg the approach :
floor in the field was 1mpract1cal

4, Larger circular bellmouths with less rapid curvatures were pre-
cluded by the d851rab111ty of malntammg the condults on 20- foot centers

5. Rectangular bellmouth entrances w1th watertlght stOplog slot covers e

produced positive pressures on all flow surfaces for any reservoir eleva-
tion and any combination of gate openings (Figures 11, 12, 15, and 16).
The rectangular entrances allow retammg the: 20 foot spacing between
conduits. :

6. If water is permitted to enter the conduit through the stoplog slots
during outlet operations, cavitation pressures will exist on the tunnel
roofs just downstream from the slot (Figure 14). Use of covers over
the top openings of the slots will prevent this difficulty.




7. The maximum downward hydrauhc force on. each stoplog slot cover is
97,500 pounds. , o , o

8, The head loss through the rectangular 1n1ets from the reserv01r to the
circular conduit just downstream from the trans1t1on 1s-"/ ‘ S

. 2 , f :
0.116 —‘2,—g— for all three out_lets operatin’g‘ i;;,,:,,r"‘f

0.118 _;,_-g— for one outlet only, |

where V is the velocity in the 15, S-footé'diameter conduit.
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INTRODUCTION

The San Angelo Project prov1des 1rr1gat1on water for. about 10, 000 acdres
that were previously dry farmed, and furnishes 29, 000 acre- -feet of water -
annually for San Angelo municipal and industrial uses. Twin Buttes: Dam
is the major feature of the project and is located 9 miles southwest of the
city of San Angelo, Texas (Figure 1). Itis constructed across the Middle
and South Concho Rivers and Spring Creek. The dam is 8 miles long, has :
a volume of about 21, 000,000 cubic: yards, and creates ‘a reservoir of ’
600, 000 acre-feet. . . .

The splllway is located on the 1eft abutment: and has a maximum de51gn
capa01ty of 47,000 cubic feet per second (Figure 2).- “The outlet works "

is also on ‘the 1eft abutment and includes an approach channel, an 1ntake
structure, three conduits with radial control gates, a chute, and ast1111ng
basin (F1gures 2 and 3). The conduits extending from the intake structure
to the gate chamber are circular, concrete lined, and 15:5 feet in diameter.
From the gate chambers to the chute the conduits are 17 feet in diameter,
concrete lined, and horseshoe in cross section. A concrete chute carries-
the water from the conduits to the outlet works stilling basin.1/ A 12- by
15-foot fixed-wheel guard gate is placed upstream from each of the 12-.
by 15-foot radial control gates. A 2 by 2-foot regulatmg gate is bu11t '

T Hydraulic Model Stud1es of Twin Buttes Dam Outlet Works,
Taboratory Report No. Hyd-463, by T. J. Rhone.




into each of the guard gates to control releases up to 600 cub1c feet per
second, 2/ Releases greater than 600 cubic feet per second; and up to
the maximum of 35, 700 cubic feet per second, are controlled by the:
three 12~ by 15-foot top seal radial regulating gates. = The conduits are
placed as close together as: poss1b1e for practlcal and economic reasons.

At the hlghest discharges, flow velocities up to 63 feet per: second will,
occur in the circular conduits. Correspondingly high velocities will .

occur within and near the bellmouth inlet structure where the flow experi-
ences appreciable turning and rapid accelerations. These. factors tend to
induce subatmospheric pressures on the boundaries and to produce damag-
ing cavitation, Also, unsymmetrical releases, which might at some time
be necessary due to a gate malfunction, could aggravate the severe pres-
sure problems to produce even more dangerous conditions. Modelstudies
of the inlet structure were therefore made to determine the operating condi-
tions and to develop the design most appropriate for construction. :

THE MODEL

In studies where the system flows completely full, low velocity air may
be used as a test fluid for hydraulic structures ‘without introducing appre-
ciable error. 3/ Aerodynamic models are characterized by simplicity of-
construction, "ease of obtaining data, and economy. . The laboratory s’rudy
on the Twin Buttes intake structure concerned a deeply submerged, com-
pletely filled structure, and was made using air as the testing fluid.

The model was constructed on a linear scale of 1:23.25 (Flgure 4)."
included an approach apron, the triple-bellmouth entrance. structure

and three parallel circular conduits representlng 70 feet of the proto-
type tunnels. The conduits terminated in a 200-cubic-foot plenum- o
chamber which was connected to the inlet of an air ‘blower. Thus,; air
was drawn through the bellmouth entrances from the atmosphere.  Air
could be drawn through one of the 8-inch-diameter tunnels at a velocity
of 150 feet per second, or through all three tunnels at 53 feet per second.
Gates were provided at the stoplog slots of each condult SO the 1nd1v1dua1
tunnels could be shut off or opened as des1red e

In the preliminary des1gn, circular bellmouths were used. (F1gures 4
and 5). The bellmouth surfaces were formed of smoothly screeded con-
crete, the approach apron was made of plywood, and the remainder of
the model was constructed of sheet metal. Pressure taps (plezometers)
were located in regions where adverse pressures were considered pos-
sible, In particular, these regions included surfaces of the bellmouths
lying on the horizontal and vertical centerlines where flow contractlons
would be most severe,

27 Hydraulic Model Studies of the 2- by 2-Foot Twin Buttes Regulating
Gate, " Laboratory Report No. Hyd-476 by H. T. Falvey.
3/"Model Tests Using Low Velocity Air" by J. W. Ball, Transactions,
ASCE, Vol. 117, 1952, Paper No. 2517, '




The most unfavorable pressure conditions will exist with the reservoir
at maximum elevation and the control gates of the operating tunnels fully =
opened. All pressures given in this report are based on this corndition,
All dimensions and values given are for the prototype, unless otherwise
stated. i e ‘ (AT

From a previous model study it ~wasdetermined‘that at maximum reservoir -
elevation and fully opened control gates the pressure head on the crown of
the tunnel 57 feet downstream from.the inlet was 7.34 feet. 1/ The tunnel - .-~
crown at this point is 84,81 feet below maximum reservoir, and thus, for -
maximum discharge, the head drop from the reservoir tothe tunnel crown

is 77. 47 feet. A piezometer was placed in each model conduit at the point

representing 57 feet from the entrance to measure the corresponding

‘ o , 77547 ,
model head drop. A suitable pressure factor, "Head drop, model ’ was

determined for each test run. - The prototype head at'any given point was
computed by multiplying the measured model head drop from the atmos-
phere to the point by the pressure factor for that test run. The, resulting
prototype head drop was subtracted from the depth of water above the
point (maximum water surface elevation minus elevation of the point) to
obtain the net prototype pressure which is shown and discussedinthis =~
report. Tests were conducted with. all three ou‘tlets'opened,“‘and with all
combinations of one or two outlets opened. = FUSTERPO N e oF

INVESTIGATION .

Circular Bellmcuth Entrances

Preliminary design. Pressures acting on the surfaces of the left, center,
and right circular Bellmouth entrances with one, ‘two, or three outlets
operating are shown in Figures 6, 7, and 8. Pressures measured on the
inverts were strongly positive, and hence satisfactory, for-all combina-
tions of outlets operating. However, .subatmospheric pressures, includ-.
ing cavitation pressures, were found just inside the bellmouths on the. o
sides and tops of the conduits for some operating conditions. ' The most

severe subatmospheric pressures;wereé_encountered:atttheg.‘croWn of the: .. . cooo.

center outlet with all three outlets operating. These subatmospheric
. pressures indicated that cavitation would occur’in the prototype .structure.

Effect of approach floor elevation. In the preliminary design, the floor
Teading to the intake Structure was 2. 25 feet below the invert of the tun-
nels. A study was made to determine the effect of lowering the floor

3 feet, 6 feet, and of removing it entirely. Pressures-were measured
on the crown of the center outlet for each floor elevation (Figure 9).
Steady improvement in pressures resulted from lowering the floor, and

17op. cit, 4,




finally removing it, but subatmospherlc pressures per51sted even when ‘the'
floor was removed. The improvements in the pressures achieved with i
reasonable amounts of 1ower1ng of the floor: were 1nsuff1r‘1ent to make thls
solution practical. T TR e ‘

Flow Spo1lers To disrupt the ﬂow approachmg the low pressure areas,
spoilers of various types were fastened to the upstream face of the wall’
surrounding the entrances (Figure 5B). The most sat1sfactory comblna-
tion consisted of vertical cylindrical piers between the outlets, semi-
circular piers of larger diameter on either side, and a large- d1ameter s
semicircular brow over the tops. Increasmg the diameter of the cylindri-
cal piers greatly improved the pressures (Flgure 10). Excellent results
were obtained with cylmdrlcal piers having a diameter of 24. 4 inches, :
and semicircular piers and a brow having diameters of 48.4 inches. In e
these tests the approach floor was lowered 3 feet to a p031t10n 5.25 feet ‘
below the tunnel invert. No pressure measurements were made on circu--
lar and semicircular piers and the loadings on them are not known.

In spite of the fact that spoilers produced satisfactory pressures on the -

entrances for all combinations of outlets operating, the spoilers were

considered infeasible from a construction standpoint. Larger bellmouths

with more gradual curvature could be designed to produce pos1t1ve pres-. B
sures on all surfaces, but would require increased ‘spacing ;Detween the '
tunnels, and considerable additional expense. Tests concerning circular

bellmouth entrances were subsequently d1scont1nued and the\use of rectan- -

gular bellmouths which retalned the same spacmg between tunnels was

investigated. : ‘ S SR

Rectangular Bellmouth Entrances s L \‘“

-\

Design. Rectangular bellmouths flared in'three d1rect1ons and repr ent-

Ing entrances 26 feet high and 20 feet wide at the upstream face were ”\\ :
installed in the model (Figures 11, 12, and 13). The rectangular entrancem
were 24. 4 feet long and were followed by rectangular-io-circular transi- =
tions 18 feet long. The 15.5-foot-diameter circular tunnels downstream

from the transitions were retained. A stoplog slot was installed in each
tunnel 15.5 feet from the upstream face. The approach floor was ra1sed :
2. 5 feet above the initial design to the elevation of the tunnel invert. Con- -
siderable excavation was avoided by this change. = P1ezometers were e
placed on all surfaces cons1dered critical (Flgure 12).

Stoplog slot covers. In the first tests of the rectangular entrances,
cavitation pressures were found on the crowns of the tunnels just down-
stream from the stoplog slots (Figure 14). It was apparent that these
adverse pressures were caused by flow entering the conduit through the
slots. When the tops of the slots were sealed to prevent this flow, the
adverse pressures were eliminated (Figure 14). Watertight stoplog

slot covers were used in‘all subsequent tests.




The hydraulic forces acting on the stoplog slots were investigated to assist
in their proper design. Pressure measurements showed that for maximum
flow through the outlets and maximum water surface elevation a pressure
differential of 54. 2 feet of water acted across the covers (Figure 17). This"
differential produces a downward hydraullc force of about 97 500 pounds on:
each stoplog cover, ,

Pressure conditions. The test showed that the pressures on the flow sur-
Taces would be positive for all combinations of outlet operatlon (Figures 15 -
and 16). The expected drop in pressure gradient was noted in the vicinity
of the stoplog slots at the crown and at the sidewalls, but tms drop was
small and the pressures remamed pos1t1ve., ‘

Entrance head loss. The head loss from the reservoir to the downstream
ends ol the transifions was determined for the rectangular entrances.
When all three outlets were operating the head loss in each inlet was -
0.116 (V2/ 2g), where V is the velocity in the 15-1/2-foot circular condult
(Figure 18) When only one outlet was operatlng, 1ts head loss was

0.118 (V2/ 2g) EeE . »

SUMMARY

Studies showed that circular bellmouth entrances (Flgure 4) would be B
unsatisfactory for Twin Buttes outlet works due to the existence of cavita- -

tion pressures on some of the flexwr surfaces during operation at maximum
discharge. Larger circular bellmouths with less rapid curvatures were
precluded by the necessity of keeping the three tunnels close together.
Rectangular bellmouth entrances allowed the same tunnel spacings and,
with watertight stoplog slot covers, produced positive, and hence satis-
factory, pressures throughout the system. The rectangular entrances are
recommended for the outlet works 1ntake structure. '
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Figure 5
Report Hyd 470

A, Preliminary Design

-

B. Floor lowered 3 feet, and 2-foot-diameter cylindrical
piers and 4-foot-diameter semicylindrical brow and
side piers : : .
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FIGURE 8
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FIGURE 9
REPORT HYD. 470
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FIGURE I
REPORT HYD. 470
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NOTES
1. See figure 12 for details of
entronce and tronsition,
and for piezometer. locations.
2.Transition formed in concrete.
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4.All dimensions are in inches -
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"FIGURE 12
MT HYD. 470
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Figure 13
Report Hyd 470

B. General view of the model
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FIGURE -i4 .
REPORT_HYD. 470
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FIGURE 15
REPORT HYD 470
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FIGURE 17
REPORT HYD. 470
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" FIGURE 18
REPORT HYD, 470
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