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Subject: Hydraulic model studies of Trinity Dam outlet works
SUMMARY
Hydreulic model studies of Trinity Dem outlet works were

conducted on a 1:28 scale model to develop the hydraulic design of the
outlet works stilling basin. ‘

Observations made on the flow in the model showed the general
concept of the preliminary structure to be satisfactory, but that the
hydraulic performance of the basin could be improved by reducing the:
basin length. It was also shown that improvement could he realized by
increasing the upward slope of the outlet channel from 5:1 to 2:1.
Water surface profiles were obtalned from the model for use in the
structural design of the basin walls.
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INTRODUCTION

Trinity Dam is a part of the California Central Valley Project.
It 1s located on the Trinity River about 25 miles northwest of Redding,
California, Figure 1. The dam, Figure 2, is an earthfill structure
approximately 2,450 feet long at the crest, approximately 505 feet high
from the foundation, and approximately 2,600 feet wide at the base and
Lo feet wide at the crest. It is a multipurpose structure having a
spillway, outlet works, and powerhouse.




The spillway is an uncontrolled morninge-glory concrete crest
structure with a conecrete-lined, 20-foot-diameter inclined shaft and
tunnel having an open concrete chute with a flip bucket at the end.
The spillway crest is at elevation 2370, 17 feet below maximum reser-
voir elevation. The spillway is located in the left abutment ard
discharges into the river channel downstream from the powerhouse and
outlet works. At maximum reservoir elevation 3387, it is designed to
discharge 24,000 second-feet.

An auxiliary outlet works for releasing water during early
stages of construction is located in the left abutment, Figure 2, and
discharges into the spillway tunnel, It is designed to discharge
2,500 second-feet at normel reservoir elevation 2370.

A powerplant at the left abutment near. the downstream toe of
the dam discharges into the river channel. It is supplied through two
renstocks that branch from the main conduit whieh terminates in the -
outlet works.

The outlet works 1s located in the left abutment about
150 feet downstream from the powerhouse and discharges intoc the river
at almost a right angle to the channel center line approximately
450 feet upstream from the point at which the spillway discharges into
the chennel. It is designed for 7,670 gsecond-feet at the maximum
reservoir elevation.

The outlet works, Figures 3 and 4, consists of a concrete
intake structure, a concrete-lined, 28-foot-diameter tunnel with fixed-
wheel gate, & 28-foot-diameter concrete conduit, a concrete control
house with two 8hk-inch ring follower gates and two 8h-inch hollow-jet
velves, & concrete stilling basin, and an outlet channel. The outlet
works stilling basin and downstream channel are the features studied
in this hydraulic investigation. The exact tail water elevation for
any one operating condition will depend upon whether or not lLewiston
Dam downstream is built and the reservoir elevation at which it will
operate, Figure 3. ‘

THE MODEL

The outlet works model, Figure 6, was a 1:28 scale reproduc-
tion of the prototype. It included the 8k-inch hollow-jet valves and
approach pipes, the stilling basin, the outlet channel, and a portion
of the river channel.

Two 3-inch hollow-jet velves carefully machined of brass
represented the 8Bh-inch prototype valves. The model valves could be
opened and closed over the full range of prototype valve openings.




A plywood stilling basin constructed within a test flume represented
the prototype basin. One wall of the test flume was glass and was used
as one wall of the basin so that the flow could be observed throughout
the depth of the basin. The outlet channel and river topograrhy were
molded in sand to provide a movable bed for studying erosion charac-
teristics of the flow from the basin. This downstream area represented
a protctype areca 195 feet long and 22h feet wide,

HWater was supplied to the model through a manifold where it
was divided between two 3-inch pipes with flexible hose connections
leeding to the hollow-jet. valves. The,6-inch venturi meter located at
the southwest corner of the laboratory wes used to measure the discharge.
The desired piezometric head on the model valves was obtained by opening
or closing the hollow-jet valves to give the proper reading on a gage
attached to the pipe Bection just upstream from the valves. Water sur-
face elevations in the river channel were regulated with a teilgate and
measured with a staff gage located as shown in Figure 6.

THE INVESTIGATION

The primary purpose of the investigation was to develop the
hydraulic design of the outlet works stilling basin. No other basin of
this type had been tested in the Bureau's laboratory at such high heads;
therefore, it was necessary to check the basin dimensions by model
studies. To accomplish this, it was necessary to study the flow charac-
teristics within the basin and the downstream river channel for =z wide
range of operating conditions. This type of basin was first developed
for Boysen Dem outlet works and later adapted for use at Falcon and
Yellowteil Dams. These studies are discussed in Hydraulic Jaboratory
Reports No. Hyd-283, 276, and Ullh, respectively.

Preliminary Basin

The preliminary basin dimensions, Figure 7, were determined
by extrapolating deta obtained from the previous hollow-jet outlet
works basin studies of this type. The preliminery 135-foot-long basin
was designed for 7,000 second-feet discharging equally through both
valves, Figure 2, with the reservoir 'water surface at the spiliway
crest. The total head at the valves was computed to be 260 feet. For
an emergency operating condition, 4,200 second-feet discharged through
one valve with the reservoir at or near maximum water surface elevation,
the total head at the valve was 380 feet.

The possible tail water elevation range is shown by Curves 1,
2, 3, and L on Figure 3. The river chammel in the area just downstream
from the powerhouse teilrace and outlet works stilling basin will be
excavated and dredged to elevation 1890 or rock, whichever is higher
as shown in Figure 5. This excavation will influence the tail water
elevation at the stilling basin as shown by tail water Curves 1 and b




in Figure 3. Tter lewiston Dam is built, the reservoir elevation at
lewiston Dam will influence the tail water as shown by Curves 2 and 3
in Figure 3. These two tail water curves were used in the model tests.

Conditions in the preliminary bssin for the design flow of
7.000 second-feet with the teil water at elevation 1902 are shown in
Figure 8(A) and (B). Very good stilling esction wes indicated by the
smoothness of the water surfaces in the basin snd downstream. Wave
heights et the tail wester gsge in the river channel seldom exceeded
1/2-foot prototype from the minimum trough elevation to-the meximum
crest elevation, Figure 9. A description of the hydrsulic action
within the basin, Figure 8(A), is &s follows: The circular hollow-jet
flow from the valve is transformed by the converging walls to s vertical
jet which is &s high and as wide as the rectangular opening at the down-
stream end of the walls. - As the Jjet leaves. the converging walls it
penetrates the tail weter pool, siriking the basin floor. Part of the
Jjet spreads laterally and climbs the basin walls while the other part
continues along the floor. Eventually, the flow that rises along the
walls falls inward and becomes a part of the pool. The flow that con-
tinues slong the floor loses momentum and eventually rises.  Part of
this flow that rises turns upstream, as in the case ¢f a hydrsulic jump,
and part continues in a downstream and upward direction.

If the teil water is too deep, the upward motion of the flow
is dampened by submergence. Bottom currents continue along the floor,
preventing the formation of energy-reducing eddies, and some of the
effectiveness of the stilling action is lost. If the tail water is
too shallow, splashing occurs in the upstream portion of the basin
because the upward motion of the flow 'is not sufficiently submerged.

If the teil weter is so low that no submergence occurs, the flow passes
through the basin uninterrupted. This is called sweep out, and very
little energy is lost within the basin. To provide the best overall
performance, the tail water must be neither too deep nor too shallow.
The elevation of the preliminary basin floor sppeared to be about right
for tail water elevations shown by Curves 2 and 3, Figure 3. To verify
this observation, wave heights were measured in the river channel for a
range of tail water and recorded in Figure Q.

Emergency operation with one valve discharging L,200 second-
feet, Figure 8(C), is the most severe opersting condition. For this
condition, the jet was not submerged at the upstream end of the basin,
and a rather high boil occurred at the downstream end. The tendency to
sweep out was greater than with both valves discharging because the dis-
charge per unit foot of basin width is more end the tail water elevation
is 2 feet less. Waves in the river channel were higher than when both
valves were discharging but seldom exceeded 1 foot, Figure 9.




The erosion pattern shown in Figure 10 for both valves dis-
charging 7,000 second-féet indicated good energy dissipetion in the
pasin. However, sand was deposited in the outlet channel and about
24k feet upstream into the basin. Undercurrents could be seen carrying
sand upstream from the discharge channel into the basin and‘swirling it
around on the basin floor. The concrete floor of the prototype might
be damaged by such action. It was concluded that a shorter basin would
allow the bottom currents to pass over the end sill in a positive manner,
thereby preventing upstream currents from moving bed material into the
basin. :

Bazsin without converging walls. To verify the need for the
converging walls, the basin was tested without them. The basin then
produced unstable flow, Figures 11(A) and 12(A). Surges which occurred
in the basin sometimes extended into the river channel, causing waves
5 feet high.

The basin, discharging 2,100 second-feet from each valve with
and without converging walls, is shown in Figure 13. Without the walls,
the Jjets from the valves do not penetrate to the full depth of the still-
ing basin pool. Surges in- the upstream portion of the basin travel
through the basin and into the river channel. With the converging walls,
the jet penetrates to the floor of the pool and dissipstes its energy
throughout the basin. ' The water surface from the basin is smooth. These
tests proved the necessity of the converging walls.

Converging wall gap width. The converging walls were
re-installed, but with a‘'gap of 7 feet between the downstream ends of
the two walls. The perfermance was better than with no walls but not
nearly so good as for the preliminary design gap width of 4 feet
8-1/2 inches, Figures 11 and 12. Decreasing the width still further to
3 feet 6 inches did not imprcve the performance or reduce wave heights
in the river channel.

End sill moved upstream 24 feet. A shorter basin, 111 feet
long, was approximated in the model by placing the end sill 2k feet
farther upstream, Figure 1l4. The purpose was to prevent bed materisl,
including sand and gravel, from being drawn into the bagin by the sub-
surface upstream current discussed in the erosion test For the prelim-
inary design.

This shorter basin performed satisfactorily when discharging
7,000 second-feet, Figure 14(A). The water surface was smooth at the
end of the basin, and waves in the river channel, elthough higher than
in the preliminary design, did not exceed 1l foot. Very little erosion
occurred in the outlet channel as shown in Figure 14(B). The shorter
basin floor was very effective in keeping bed msteriasl out of the basin




even for small discharges. For all flows, there was a downstream current
passing over the end sill which prevented bed material from being drawn
into the basin,

With 4,200 second-feet discharging through one valve,
Figure 14(C), the basin was not so effective. Waves were 3 feet high
in the river channel. 1In addition, the action in the basin was closer
to sweep~out conditions than-with the preliminary basin.  However, it
was concluded that a true model representation of a basin 111 feet long
should be tested. ¢

Basin lLength, 111 Feet; Center Wall length, 90 Feet

The model was altered to determine the true effect of reducing
the basin length to 111 feet. The performance of this basin, Figure 15(A)
and (B), was about the same as the preliminary basin with the end sill
moved upstream. Waves were still about 3 feet high in the river channel,
and the action in the basin was closer to the sweep-out conditviocn than
before. With It,200 second-feet through one valve, the jump uwept out of
the basin at tall water elevation 1900.

Basin length, 111 Feet; Center Wall Length, 36 Feet

The length of the center training wall was reduced from 90 to
36 feet to help keep the jump in the shortened basin. The performance
of this basin is shown in Figure 15(C) and (D). Waves in the river
channel at the staff gege were about twice -as high as with the longer
center wall. This was true for 7,000 second-feet discharging from two
valves as well as for 4,200 second-feet discharging from one valve.
For 7,000 second-feet, the waves were 2- 1/2 feet high; and for L,200
second-feet, they were 5 feet high. The basin, - therefore, was not
satisfactory; however, the jump did stey in the basin better than when
the longer center wall was used.

Basin Length, 123 Feet; Center Wall Length, 66 Feet

The basin and the center wall were lengthened 12 feet and
30 feet, respectively, to improve the performance. This provided a
basin floor end center wall that were 12 and 24 feet shorter than the -
preliminary design, respectively. To accomplish-this modification in
the model, the basin was extended 12 feet (prototype) into the tail
box, Flgure 16,

The performance of this basin, Figure 17(A) and (B), appeared
to be satisfactory for 7,000 second-feet from both valves but not for
4,200 second-feet from one valve. For 4,200 second-feet, with the tail
water at elevation 1900, the flow:was on the verge of sweeping out of
the basin.



Basin Length, 123 Feet; No Center Wall

The center wall was removed completely. For 7,000 second-feet
with two valves operating, Figure 17(C), the jump remained within the
basin, but the flow was very unstable. Sometimes the flow was surging
in one side of the basin, while in the other side the flow was receding.
This unstable and unsymmetrical operating condition caused waves 4.5 feet
high at the staff gage in the river channel. Also, erosion occurred
along the end sill and :in the outlet channel, more so than for any pre-
vious basin arrangement tested. The basin was, therefore, relatively
ineffective in-dissipating energy.

For 4,200 second-feet from one -valve, there was no danger of
sweep out, even at a very low tail water; but the flow:in the upstream
portion of the basin splashed 10 to 20 feet - above .the tops of the basin
walls, elevation 1917, Figure 17(D). Waves in the river channel were
4-1/2 feet high.

Recommended Basin

A center wall was re-installed to stabilize the flow. The
basin length of 123 feet was retained. The center wall was 36 feet
long or 54 feet shorter than the preliminary design. The basin was
12 feet shorter than the preliminary design. - This basin is shown in
Figures 18 through 27. ‘ : ‘ ‘

At this stage in the  investigation, design comvutations showed
that for 2-valve operation the total head at the valves could be
284 feet; in which case,'the discharge for 2 valves operating 100 per-
cent open would be. 7,200 second-feet. For one-valve operation,. the
total head at the valve could be 326 feet which would discharge
3,900 second-feet with the valve fully open. lLater, these capacities
wvere increased again to 7,670 second-feet for 2-valve operation with
315 feet of head at the valves and to 4,260 second-feet for l-valve
operation with 392 feet of head at the valve,

For 7,200 second-feet, Figurw 19A, the recommended basin
appeared to perform satisfactorily. For 7,670 second-feet, Figure 19(B),
some splashing occurred in the upstream portion of ‘the basin; however,
waves at the staff gage in the river channel, Figure 19(C), seldom
exceeded 1.75 feet in height. TFor one-valve emergency operation at
4,260 second-fest, Figures 20(A) and (B), the flow surged in the basin;
hovwever, the maximum wave height at the river channel gage seldom
exceeded 2.75 feet. For 3,900 second-feet, Figure 20(C), the performance
was better.




Sweep-out test data for a range of discharges, Figure 21,
show that the lowest expected tail water curve provides a safety
factor of approximately 5 feet or more of tail water depth for either
l- or 2-valve operation at design capacities, and more safety factor
for lesser discharges. The basin performed quite well while the tail
water was being lowered to the sweep-out condition.

Raising the tail water above the design elevations produced
a rough water surface in the river channel. For example, if the tail
wvater is at elevation 1913, which could be peossible while the spillway.
is discharging, the outlet works discharging 7,670 second-feet produces
a high boil and a rough water surface in the river channel, Figure 22.
The performance, however, was considered to be acceptable for this
emergency cperating condition. :

One valve discharging 4,260 second-feet with tail water
elevation 1913, Figure 23, is very improbable, and it 1s not recommended
for the prototype. Waves in the river channel at the staff gage were
5 feet high. S =

In the preliminary design, the outlet channel bottom hed a
5:1 upward slope from elevation 1870 at the basin end sill to eleva-
tion 1890 in the downstream channel. The erosion test for this design,
Figure 10, indicated that bed material was deposited in the channel
until the slope of the channel bed downstream of the sill became
approximetely 2:1. Therefore, for the recommended design & 2:1 excava-
tion slope was molded in the model bed, Figure 16. An erosion test
with the recommended basin design for 7, 670 second~-feet with tall water
at elevation 1902, Figure 24(A), showed that the 2:1 slope of the
channel bed was not eroded and that very little erosion occurred along .
the end sill. ‘The 2:1 slope was therefore recommended for the proto-
type. The slight erosion of the channel banks was caused by side eddy
currents and sloughing of the wet sand. - This type of erosion is not
considered serious since the prototype banks will be protected by -
riprap. With the te&il water lowered to elevation 1899 » the erosion in
the discharge channel for 7,670 second-feet was a little more severe,
Figure 24(B). The performance, however, was satisfactory. For one
valve discharging 3,900 second-feet with the tail water at elevation
1898, the lowest expected elevation, no erosion occurred along the end
sill. 1In fact, bed material was deposited within the basin, Figure 2L(C).
This dep051tlon is not desirable since movement of material within the
basin may abrade the concrete. However, one-valve operation is for
emergencies only, so the action is not considered critical,

‘Water surface profiles, Figures 25 through 27, recorded for
a range of operating conditions, were obtained to aid in the structural
design of the basin walls., Wave heights at the staff gage in the river
chamnel are shown with each profile.




The recommended design was altered slightly for prototype use.
The center wall length of 36 feet was increased to 40 feet to match a
construction joint, and the gap width between the converging walls was
increased from 4 feet 8~1/2 inches to 4 feet 10-1/2 inches. These
variations will not materially affect the basin performance indicated
by the model tests.
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Figure 8
Report HIYD 439

A. 17,000 cfs, Two valves, Head at valves £60 ft,,
Tail-water elevation 1902, '

B. Same as A above. ’
‘Waves in river channel at staff gage 0.5' high.

C. 4,200 cfs, One valve, Head at valve 380 ft.,
Tail-water elevation 1900,

TRINITY DAM OUTLET WORKS

Flow Conditions-\-Preliminary Basin
1:28 Scale Model
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Wave height . were measured as the difference between the maximum
wave crest elevation and the minimum wave trough elevation at the
model staff gage in.the river channel, FIGURE 6.
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TAILWATER WAVE HEIGHiTS ——PRELIMINARY BASIN
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Figure 10
Report HYD 439

TRINITY O w

B. Erosion pattern after 30 minute model test run.
Discharge 7, 600 cfs - Two:valves - Head 260" -
T.W. El. 1902,

TRINITY DAM OUTLET WORKS

Erosion Test--Preliminary Basin
1:28 Scale Model




Figure 11
Report HYD 439
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A. No Converging Walls. Waves 5' high in river
channel at gage.

e NIy E
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=1 ~1295~3

Converging Wall gap 7'-0". Waves 3' high in
river channel at gage.

SETRINIT. 0.V g
H-1239-14

r

Waves 6'' high in

C. Converging Wall gap 4'-83
river channel at gage.

-~

Discharge 7,000 cfs - liead at valves 260° -
Tail-water elevation 1902
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Converging Wall Tests--Two-Valve Operation
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Figure 12
Report HYD 439

RinITY|O.W.
H14=1299-36

A. No Converging Walls. Waves 5' high in river
channel at gage.

S TRUNI T YOV
g r‘.—l299-‘31h-:

e

B. Converging Wall gap 7'-0". Waves 4' high in
river channel at gage.

C. Converging Wall gap 4'-83'". Waves one foot
high in river channel at gage.

Discharge 4, 200 cfs - Head at valve 380" -
Tail-water elevation 1900
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Converging Wall Tests--One Valve Operation
1:28 Scale Model
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A. llead at valves 260' - T. W, El. 1902, ' IHead at valves 380' - T. W. El. 1902,
Waves in river channel 2' high at gage. Waves in river channel 2.5' high at gage.

No Converging Walls
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C. llead at valves 260' - T. W. El. 1902. D. lHead at valves 380' - T. W. El.
Waves in river channel one foot high at gage. Waves in river channel one foot high at gage.

Converging Walls with 4'-83" gap

TRINITY DAM OUTLET WORKS

g1 sanfrg

Flow Coaditions With and Without Converging Walls--
2100 Second Feet Per Valve
1:28 Scale Model
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Figure 14
Report HYD 439

R A5

REES St [ L Pk

RIN'T O.W.
H-1299-7.

A. 17,000 cfs, Two valves, Head at valves 260 ft.,
T.W. elev. 1902. Waves one foot high at gage
in river channel.

B. Erosion Pattern after 30 min. model test run
at operating conditions in A.

C. 4,200 cfs, One valve, Head 380 ft. at valve,
T.W. elev. 1902, Waves 3' high at gage in
river channel.

TRINITY DAM OUTLET WORKS

Flow Conditions and Erosion With End Sill Moved Upstream 24 Feet
1:28 Scale Model
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A. 7,000 cfs, Two valves, Head at valves 260!, B. 4,200 cfs, One valve, Head at valve 380",
T.W. elev. 1902. Waves in river channel at T.W. Esl; ;19%& Waves in river channel at
gage one foot high. gage 2. gh.

Center Wall 90 Feet Long

R e 13020

i

i
|
; 1]

S TR LT 120, Vi .

BeTRINITY O.W. e
W1 =72 -5

C. 17,000 cfs, Two valves, Head at valves 260°, D. 4, 200 cfs, One valve, Head at valve 380',
T.W. El. 1902. Waves in river channel at T.W. El. 1900. Waves in river:channel at
gage 2' high. gage 5' high.

Center Wall 36 Feet Long

TRINITY DAM OUTLET WORKS

Flow Conditions With Basin 111 Feet Long
1:28 Scale Model

66 AXH 110day
g1 2andig




Figure 16
Report HYD 439

Basin extends 12' {prototype) into Tail box. Dis-
charge channel slepes 2:1 from El. 1870 to El. 1890.

TRINITY DAM QUTLET WORKS

Basin 123 Feet Long
1:28 Scale Model
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EREST PN, .y

A

?';{’g] : o [Praus = - 5 T
:::g% 3k X
o R TRIINT 0. W SAsTITRINITY 0.
Bt H-1229-8 AT o209 13
A. 7,000 cfs, Two valves, Head at valves 260°, B. 4, 200 cfs, One valve, liead at valve 3807,
T.W. El. 1802. Waves 1.5' high in river T.W. El, 15600, Waves 3.35' high in river

channel at gage. , channel at gage. B

”w,"‘v";,,
RINIT, (10.W,
H=]258-7
C. 17,000 cfs, Two valves, Head at valves 260’, D. 4, 200 cfs, One valve, llead at valve 330', ) A
T.W. ElL. 1902. Waves 4. 5' high in river T.W. EL. 1902. Waves 4. 5" high in river
channel at gage. channel at gage.

No Center Wall

TRINITY DAM OUTLET WORKS

L1 2andrg

Flow Conditions With Basin 123 Feet Long
1:28 Scale Model
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84"Hollow jet valves

Ple Converging walls

Symm. about Q\V

PLEAN VIEW

EL l9l7'\\1

E.1902

~GConverging
walls

v~ —EL1865

Y SRR

- . . ..'Q-':'.':‘ 5
SECTION A-A

TRINITY DAM OUTLET WORKS
RECOMMENDED BASIN DIMENSIONS

EL1917——~<

Ly

-~

EI.1905-~-

..\.

2

ElL 1890~

-~

ELEVATION B-8

6y QAH LHOd3IY

81 3¥N9I4




Figure 19
Report YD 439

A. 7,200 cfs
iead at valves 284!
T.W. El. 1902

STRINITY QW

!’

7,670 cfs
ircad at valves 315!
T.W. EI. 1903

B TTRINIT 150,
H-1229-1i

7,670 cfs

IHead at valves 315!
T.W. El. 1902
Waves 1.75' high in
river channel at gage.

TRINITY DAM OUTLET WORKS

Flow Conditions in Recommended Basin--Two
Valve Operation
1:28 Scale Model




Figure 20
Report HYD 439

A. Left valve discharging 4,260 cfs, Head at valve
392', T.W. El. 1899.

R NG S SN 1
o G e a7 . '

Te !
1 l%
i
@ 'Riml TVRO. W
: H=-1299--12' o
i &1 B o P e L R b et o A . . a

B. Same as A excépt right valve discharging.
Waves 2.75' high in river channel at gage.

\

C. Right valve discharging 3, 900 cfs, Head at valve
326', T.W. El. 1898. Waves 2.5' high in river
channel at gage.

TRINITY DAM OUTLET WORKS

Flow Conditions in Recommended Basin--
One Valve Operation
1:28 Scale Model




FIGURE 2I
REPORT HYD 439

ELEVATION - FEET
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Dredged Chcnnel with
- Lﬂmsfon Res. ‘WS, EIl 1902
' i i

R e

[N

TAILWATER

1
i
‘
H
b

Dredged - Chonnel i
Lewiston Res " i : B L ngt)
,Ej._W's:,.EI,'.,'fgg,e"f."\::7} Ly gt SNESIRUSE P, a2l IRT

el

. __,.k—\-r" d Channel ~with

T*:-Lewiston Dom not _built !

VU Two valves b i

1
{
H

+
-
1

5000 - 6000
DISGHARGE-~ SECOND FEET

Sweepout Tailwater is defined here as that elevation where momentarily no woter rolls

back on to the flow from one valve. The flow from one valve olways sweeps out
before the flow from the other.

TRINITY DAM OUTLET WORKS

JUMP SWEEPOUT CURVES — - RECOMMENDED BASIN
1128 SCALE MODEL




Figure 22
Report HYD 439

A.. View from upstream B. View from downstream

TS PR
1E4.1902
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:
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ST -2 99 1
L At

C. Side View

7,670 cfs--Head at valves 315'

TRINITY DAM OUTLET WORKS

Two-Valve Operation For Tail-Water Elevation 1913--Recommended Basin
1:28 Scale Model




Figure 23
Report HYD 439

oy I oL

REATRIn 1717 0. 3 o

=299 12352 e 4 '

Pk (S ———

A. Right valve discharging 4, 260 second feet.
Head 392' at valve. Waves 5' high in river
channel at gage.

6. f 8.4.’.‘.'1:.".' 9.'_'..: :
e oM=i299 leb.

B. Same as A except left valve discharging.

NOTE:
Not a recommended operating condition.

TRINITY DAM OUTLET WORKS

One-Valve Operation for Tail-Water Elevation 1313--
Recommended Basin
1:28 Scale Model




Figure 24
Report HYD 439

Two valves discharging
7,670 cfs. Head at valves
315'., T.W. El 1902,
Erosion pattern after

one hour model test run.

Two valves discharging
7,670 cfs. Head at valves
315'. T W, EIl. 1899.
Erosion pattern after

one hour model test run.

Right valve discharging
3,900 cfs. Tlead at valve
326'. T.W. El. 1898. ‘
Erosion pattern after

one hour model test run.

TRINITY DAM OUTLET WORKS

Erosion Tests-~-Recommended Basin
1:28 Scale Model




T.W. EN 1910
[y ~4——— " (Waves 6'high)

TW. £, 1900
=== {(Waves 1% high)

W E1.1905
p-—— = (Waves 2'high) : T.W. £1.1898

= $~——(Wavesi)s high}

TW EL1902
{Waves 1) hign) TW.EN 1896
g 1= (Waves 2)'high)

e e e O — — —

*-Ave, Min. Water Surface

End Sil-~ |
E1.1885 -, » )n/ E

LT e T s e

St0.48+8352- .7}

510, 47+60.52-— =
7~
510.47+9602 -~

« Data points

0 .10 20 30 <0 %0

Two volves, discharging 7,200 ¢fs. Head ot valves 284 feet T SGatt W FEET

TRINITY DAM OUTLET WORKS
WATER SURFACE PROFILES IN RECOMMENDED BASIN

TWO VALVE OPERATION
1:28 SCALE MODEL
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ELI917-wy

Saloshing 20" high-- .

“1--ave Min. W S on Rt wait End sill- -«

~-Ove. Mer. W S on Lt Walt
“-Ave Min W.S.on Lt wall
~Ave Mox W S on Rt. Woil

’Q

Sto47+6052-.. ¢

* Data points

Rignt vaive only, discnargiri

NG
™ Sta a7+96.02. .

EI1865" =~
ECER USRI
Sta 48+83.52---- ., N

G 3,900 cfs, Head ot valves 326 feet

TWEI 910
(Woves 4%2 mgh)

TWE! 1905
(Waves 3% high)

TWELI90
(Waves 2% high}

-] 10 20- 30 . 40
SCALE OF FEET

TwEl 1898

5 2" high
_.-Sploshing 15" high (Waves 2 T ]
;==j—-~—3::::::""—

fe e @ e et e O -
==

~ TWEl1896
',.Splashung 0" gh (Waves 1% high)

"TWELIg94
{Waves 1" high)

50

TRINITY DAM OUTLET WORKS
WATER SURFAGE PROFILES IN RECOMMENDED BASIN

ONE VALVE O

PERATION

1:28 SCALE MODEL




T TR T T
Two valves. Dischorging 7,670 cfs. Head at valve 315 feet
EL 1917--+

~~Ave. Max. WS.on Lt. Wall < TW. EI.1900
(Waves 2% high)

Ave. Max. W.S.on Rt. Wali
r---—Ave. Min. W.S.on Rf. Wall

EL 1865~ End Sill~y 8
A

10 20 30 40

Sho. 47+50.65— CNETTeT T oI e e e - ( {
e : T g 47+96.00-"1 " 'Sta.48+83.52 SCALE OF FEET
Right valve only, discharging 4,280 cfs. Head at valve 292 feet
e Dota Points
TRINITY DAM GUTLET WORK

WATER SURFACE PROFILS IN RECOMMENDED BAS!N
1:28 SCALE MODEL ‘
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