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Subject: Hydraulic model studies of Tantangaré Dam outlet works=--~
Murrumbidgee-Eucumbene Diversion Project--Snowy Moun-
tains Hydro-Electric ‘Authority, Australia

- PURPOSE OF THE STUDY
This model study was made for the. purpose of‘ developing an
adequate control structure and stilling basm for the Murrumbldgee-

Eucumbene Diversion tunnel.

CONCLUSIONS.U

1. The fixe\é wheel gate as shown in Figure 4 will operate

satisfactorily for heads up to "160 feet. The streamlined upstream edge
of the gate bottom will prevent fluctuating pressures and excessively
low (cav1tat10n) pressures on the bottom web of the gate.. The baffle
plates on the sides of the gate are necessary to restrict the undesirable
downward flow between the out51de wall of the slot and the date '

2. The side walls in the passage or "thro‘at, '"" downstream from
the control gate slot, should be streamlined to prevent cavitation pres-
sures in this region. An elliptical shape, with a minor to major axis
ratio of 1:5 as shown in Figure 7F, will keep the wall and floor pressures
in a safe range for all gate openings and dlscharges

3. The stllhng basin floor should continue level with: the bottom
of the gate water passage for a distance of 61. 58 feet from the downstream
face of the control gate, then sweep upward on a 78-foot-radius vertical
curve for 29. 48 feet, then follow a reverse 78-foot-radius vertical curve
for an additional 29. 48 feet to come tangent to the invert of the down-
stream tunnel at Station 4+30. 96, (Figure 12),

1/ >Subsequent to these model studies the plans for Tantangara Dam were
modified and the maximum head on the'control gate was reduced from
160 feet to 105 feet. The stilling basin discussed in this repor:t was
developed for a maximum head of 160 feet. After the modified plans °
were received, computations were made for a reduced size stilling
basin to accommodate the lower head of 105 feet. Appendix I contains

the computations and recommendations for the modified structure.




\ baffle piers should be pl.aced 49.58 feet dqustream-
from the 4::.on;:lrvc‘;(l) gate topaid in the formation of.t.hehydraultlc }g?fhe
which will dissipate the energy of the high velocity flow enter 1g the 4
basin. Flow, without objectionable surges and waves, will be»x}r}ra}nv
in the entrance to the 10-mile-long unlined tunnel by placing 10 trans-
verse beams and a 20-foot-long wave suppressor across the basin as

shown in Figure 12,

5. The roof of the basin should be 3 feet higher than'the
downstream tunnel roof to provide an air passage above the waxces and
surges that occur in the basin upstream from the wave suppressor.

6. When the reservoir is near maximum elevation and t.he gate
is between 16 and 25 percent-open, the jet sweeps the,backwater into ‘
the basin and the control gate operates under free discharge. For other
combinations of head and gate opening, the water in the stilling b'flsm
backs up against the gate and it operates under s‘ub'mergegj con_ditlons.
Figures 14 and 15 are discharge charts for the gate showing discharge
versus upstream head for various gate openings; however, these cparts.
are valid only for conditions as they exist in the recommended design
of the control structure. ‘ ‘

INTRODUCTION

The Murrumbidgec-Eucumbene Diversion Project is located in
the Australian Alps area of southeastern Australia. The Snowy Moun-
tains Hydro-Electric Authority, which is responsible for the develop-
ment ol the project, has established its headquarters at Cooma near
the site of construction approximately 220 miles southwest of Sydney.
Tantangara Dam, about 40 miles northwest of Cooma, is a part of this
project. The associated reservoir stores water from the Murrumbidgee
River, and this water may be diverted as required through the outlet
works and a 10-1/2-mile-long unlined tunnel to Lake Eucumbene.

Tantangara Reservoir feeds water into a 10-foot-diameter
pressure tunnel at heads up to approximately 160 feet.” The control
structure, 300 feet downstream of the inlet, contains two 6- by 7-foot
fixed wheel gates; the upstream one is used in emergencies and the
downstream gate regulates the discharge of water from the pressure
tunnel to an underground stilling basin. An unlined 10-foot 2~inch horse-
shoe tunnel extends 10-1/2 miles downstream from the stilling basin, and
is designed to flow free under the maximum discharge of 600 cfs.

The model studies discussed in this report were performed to

determine the most economical and hydraulically acceptable design for
the control structure. R ‘

THE INVESTIGATION
The Model

The model of the outlet works control structure, built to a
scale of 1:10, was sufficiently large to permit accurate calibration
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and determination of the hydraulic characteristics of the system The
.model included the gate chamber and gates, the stilling basin, and a
short section of the horseshoe tunnel downstream from the stllhnd .
basin (Figure 1), The conduit upstream from the gate chamber was not
modeled. :

The fixed wheel control gate model was built up of brass.
plates and included two non-rising operating stems (Figure 2).. One
side and the top and bhottom of the gate chamber were welded 1/4-inch
plate; the other side was made of .3/4 inch transparent plastic (Figure 3)
to enable viewing of the gate leaf and flow patterns in the chamber durmg
operation. One 51de and the arched roof of the stilling basin were of
transparent plastic; the remainder:of the basin was made of 3/4-inch
plywood. The roof section was made as a unit so that it could ‘be easﬂy
removed to allow access to the bas in. '

Water was furnished io;the model throuch the 1aboratory
venturi meters, with which accurate discharge measurements as low
as 0.4 cfs (125 cfs prototype) could be made. The depth of water in the
outlet tunnel was controlled by means of a tailgate at the downstream ,
end of the model. »

The pressures in this report are e*«:pressed in feet of water
with atmospheric pressure as a datum ’ :

Gate Structure Studies

Regulating gate. The model fixed wheel control gate had a
diaphragm-type pressure cell mounted flush with the bottom of the
lower web on the gate center line. This cell together with four piezom-
eters, two in the gate bottom and two in the side of the gate; were used
to determme v1brat10n tendencies and pressure dlstrlbutlons pertaining
to the gate. For conditions of maximum design head and discharge, the
control of the jet beneath the gate shifted rapidly between the upstream
and downstream lips of the gate (Figure 4 D-1). The average pressure
beneath the gate, as determined by piezometer readings, was approx1—
mately 40 feet of water. positive (prototype) but recordings made with.
the diaphragm-type cell disclosed the presence of rapldly ﬂuctuatmg
pressures which dropped down into the cavitation range,

The extended upstream gate lip was cut off flush with the
bottom web of the gate (Figure 4 D-2), leaving a sharp, right angled
corner on the upstream edge. With this design and with maximum head
and discharge, the average piezometric pressure beneath the gate was
about 95 feet and the magnitude of the pressure fluctuations'was decreased
to about 20 feet. However, the pressure fluctuations were sufficiently
intense to cause considerable vibration of the gate leaf.

The upstream edge of the gate bottom was rounded as shown in
Figure 4 D-3. With this configuration, the pressure fluctuations on




the gate bottom were about 10 feet. The upstream edge was then stream-
lined as shown in Figure 4 D-4, With this design, the maximum pressure
fluctuation was about 4 feet. This shape (Flgure 4 D- 4) 1is recommended
for the bottom of the control gate. o

During studies of the water passage downsiream from the
control gate, it was noted that a high-velocity jet flowed down the.
space between the side of the gate and the outside wall of the gate
slot. - When this flow was 1‘th1‘lcted the pressures on the 51de walls
downstream from the gate were somewhat improved. Consequently, a
plate was attached to either side of the gate at the level of the lower web:
to partially block this flow and thereby improve the pressure conditions
in the area of the elhptlcal throat. The recommended fixed~-wheel con-
trol gate is shown in Figure 4. ; :

Flow passage. Under conditions of maximum de51gn head and
discharge, cavitation pressures were found to exist downstiream from the
slots of the regulating gate (Figure 6). Attempts were made to relieve
the low-pressure zones by means of air vents (Figure 7B). These vents
were unsatisfactory due to the fluctuation in pressures and the adverse
effect the additional air had on the operatlon of the basm

A plate prOJectmg 1nto the stream was'mstalled at the down-
stream face of the control gate slot (Figure 7C). With this flow passage
the jet oscillated from side to side and increased the turbulence in the -
basin. An air vent was inserted in back of the restrlcbmg plate, but the
conditions in the basin were not improved. .

Several shapes of streamlined "throats" just downstream from
the gate slots were tested. With the shape consisting of a simple curve
(Figure TD), the pressures on the side walls were in the cavitation.
range, but with elliptical shapes (Figure TE and 7F) pressure conditions
were 1mproved the amount of improvement depending on the minor-major -
axis ratio of the elhpbe (Flgure 6). It was found that an elliptical shape
with a minor-to-major axis ratio of 1:5 kept the pressures up to a mini-
mum of negative 3 feet for maximum head and discharge conditions, - This
shape (I‘lgnr es 6 and 7F) is recommended for prototype construction. -
The discharge coefficient for the recommended gate is shown in-Figure =
3. o -, :

N

Stilling basin Studies

During the initial testing of the stilling basin, the arched roof
was in position over the stilling basin. However, to provide more rapid
access to the floor of the stilling basin for changing baffle piers and
transition sections, the roof section was replaced by vertical walls above
elevation 3964. The roof was reinstalled for the tests of the recommended
design.

Prelimm‘a“y operation. Tests on the preliminary de51gn stilling
basin (Figure 8A and I1A) indicated in general that the operaiion was




unsatisfactory. Large surges and waves traveled the length of the
basin, filling the basin to the top of the arched roof and breaking away
to form a trough 12 or more/feet deep (Figure 8B and C). This action
was accompanied by surges of air alternately blowing out and sucking
in at the downstream end of the horseshoe tunnel,

At maximum head and discharge the jet from beneath the gate
followed one of two paths. In one instance the jet shot up to the surface
of the stilling pool and skipped across the water surface causing ex-
tremely rough flow conditions (Figure 9A). In the other instance, the
jet descended to the floor near-the upstream end of the basin (Figure 9B)
and flowed along the floor to the downstream end of the basin and, on
rising to enter the tunnel, caused a severe boil and generally rough '
conditions in the basin (see Figure 8B and C). The direction of the
jet could not be predicted but, once established, both types appeared
to be stable and are e'-zamples of a flow phenomena reported by
Bakhmeteff 1/. .

Basin floor elevation. With the preliminary design the probable
path of the jet downstream irom the control gate could not be predicted.
This uncertainty was eliminated by raising the basin floor to the level
of the floor of the-gate (Figure 11B). With this configuration, the jet
remained on the basin floor throughout the full range of discharge and

head.

Baffle piers. In order to stabilize the formation of the
hydraulic jump, various sizes, numbers, and placement of baffle piers
were tested to determine the best combmatlon for optimum stilling basin
performance. The recommended installation consists of two stream-
lined piers, 3 feet high, placed 48.58 feet downstream from the con-
trol gate as shown in Figure 12. Pressures on the sides and top of the
baffle piers were measured to assure that adverse pressure conditions
did not exist.  The results of these pressure studies are shown in Figure
10. LT :

Three chute blocks placed 10 feet downstream from the control
- gate (Figure 11B) tended to decrease the turbulence and-the roughness*-
of the water surface in the hydraulic jump. However, since the velocity
of the jet in this area is about 100 fps, the danger of cavitation exists
and the use of the chute blocks is not recommended,

I/ "The Flow Through Slits™ by B. 'A. Bakhmeteff and N. V. Feodoroff

Proc. Fourth Midwestern Conference on Fluid Mechanics, 1955.

*When the basin is operating under maximum discharge and head;
the Froude number is 14.6. This is in a range where the
hydraulic jump is normally quite rough.




Basin-tunnel transition. The su: gmd hydraulic jump caused
large surface waves which c*xrxled downsiream into the horseshoe tun-
nel, Added to these waves were surface: undulatloxh resulting when the
water downstream from the bhaffle plersywur ged upward to onter‘ the tun- -
nel. It appeared that a gradual transition from- basin to tunnpl would
tend to decrease these latter dxsturbances

Some flow improvement was oof amed by slopmfr the hasm floor
downstream from the baffle piers upwar‘d to the level of the horseshoe
tunnel (Figure 11C). However, in each of the arrangements tested, sur-
face disturbances occurred abo ve ‘each dbrup‘c ch:mffe oi slope. The sur- -
face disturbances were reduced by using a floor transition consisting of

two long-radius vertical curves. The best flow conditions resulted Wlth
 a transition about 59 feet long starting /12 feet downstream from the
baffle piers as shown in Flgure 11D, ThlS transition permitted a gradual
increase in velocity from the 22- foot - decp flow in the basin to the. 8 5~
foot-deep flow in the horseshoe tunnel. However, large surface waves
originating in the hydrauhc jump contmued to surgc 1nto the horseshoe
tunnel portal. R ‘ .

Wave suppressor. Tests of various forms of wave suppressors
were undertaken to find a means of reducing the large surface waves.
Flat-plate~type wave suppressors were placed at various-locations across
the full width of the basin. No beneficial results were obtained with the
suppressors placed upstream from the baffle piers. When the ouppreSSor‘
was placed in the path of the rising jet downstream from the baffle piers
(Figure 11E), the surface undulations were reduced but ~objectionable
surface boxls occured ahbove each end of the suppressor. ‘A series of
transverse beams were placed across the channel in the area of the
highest part of the jump. The beams improved surface conditions con-
siderably and it was found that a 20-foot-long wave suppressor, in com-
bination with the beams, produced SdtleaCLOI‘f water surface conditions
in the entrance to the horseshoe tunnel. The recommended arranrfement
of beams and wave suppressor is'shown in. blﬂure 12.. :

The roof of the stilling basin was raised 3 feet above the level
of the roof of the horseshoe tunnel to permit the passage of air between
the large waves upstream from the wave suppressor and the roof of.
the basin.

Recommended Design

The recommended conirol structure is shown in Figure 12 and
13C. The structure will operate satisfactorily for any combination of
head and discharge up to the maximum design head of 160 feet and a
discharge of 600 cfs. The flow conditions existing when this system
operates under maximum head and discharge are conducive to an ex-
ceedingly rough hydraulic jump (Figure 13A). However, the transverse
beams and the wave suppressor will assure a tranquil water surface at
the enirance to the downstream tunnel (Figure 13B).




; When the' Tantangara reservoir water surface is near maximum,

" and the control gate is opened between 16 and 25 percent, the jet sweeps
the water away from the downstream face of the gate and it operates. . -
under free discharge conditions. For other combinations of gate opening
and head, water rushes upstream from the crest of the jump and sub-
merges the gate. The discharge charts for the gate in the recommended
design are shown in Figures 14 and 15. \ ’ ,

1
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FIGURE 2
MEPORT HYD. 441
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FIGURE 4
REPORT  HYD, 441
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FIGURE 5
REPORT HYD, 441
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VARIOUS DESIGNS
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FIGURE 7
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Figure 8
‘Hyd. 441

A. Preliminary Model,

g ,........_,..._ ymm—

B. From Sta. 3+25 to Sta. 4+20
G.O. = 24%; Q = 600 cfs.

C. From Sta. 3+90 to Sta. 4+90
G.0O. = 24%; Q = 600 cfs.

MURRUMBIDGEE-EUCUMBENE DIVERSION PROJECT
SNOWY MOUNTAINS IHYDRO-ELECTRIC AUTHORITY; AUSTRALIA
TANTANGARA DAM OUTLET WORKS
Preliminary design; note rough water surface
1:10 scale model
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A. Jet shooting up to the surface.

MUR-EUCC.5 38
[10RHI-1316-15]

B. Jet flowing along the floor.

MURRUMBIDGEE-EUCUMBENE DIVERSION PROJECT
SNOWY MOUNTAINS HYDRO-ELECTRIC AUTHORITY; AUSTRALIA
TANTANGARA DAM OUTLET WORKS
Preliminary design showing both level and rising jet
1:10 scale model




FIGURE 10
REPORT HYD. 44|
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FIGURE I
REPORT HYD. 441
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TANTANGARA DAM OUTLET WORKS
STILLING BASIN DEVELOPMENT
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A. From the Gate to Sta.-4+05
(Gate seal is Sta. 3+10.42)
. G.0. = 19%; Q =600 cfs. ;

C. . Recommended Design.

»
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B. From sflg%/o.thf Sta. 4485 MURRUMBIDGEE-EUCUMBENE DIVERSION PROJECT .
-0 ' SNOWY MOUNTAINS HYDRO-ELECTRIC AUTHORITY; AUSTRALIA R
&

TANTANGARA DAM OUTLET WORKS
Recommended design
1:10 scale model:
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FIGURE 15
REPORY KYD_44)
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UN".[TED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

Snowy Mountains'Hydro -;Electric _Authority ‘ :
P. O. Box 332, Cooma North, New South Wales, Australia

Airmail: - | ~ March 7, 1958

To: Assistant Commissioner and Chief Engineer Attention D-220
From: Senior Engineering Advisor

Subject: Murrumbidgee-Eucumbene Tﬁnnel Designs—-Murrumbidgee-
Eucumbene Diversion ~ o

Design of the Murrumbidgee~Eucumbene Tunnel including
intake, control and outlet works was carried out by the Bureau on the
basis of information and requirements outlined in the Authority's In-
terim Project Report of January 1957, The designs prepared by the
Bureau comply with all requirements given therein and include an
energy dissipator immediately downstream of the control gate.

Subsequently, plans were modified to include construction
of a concrete gravity dam at Tantangara with full supply level at RL
4035, which is 72 feet less than the reservoir level adopted for the
design of the tunnel and associated works. In view of this change in
operating head savings may be effected by moving the gate shaft up-
stream, thereby reducing the depth of the shaft and dimensions of the
energy dissipator immediately downstream of the gate.

Some regulating conditions, as recently summarized by the
Engineer-in-Charge Civil Engineering Design, follow:

"Consideration has been given to the desired degree of
regulation of flow through the tunnel. -No difficulties are foreseen
in regard to operation of the tunnel in the free-flow or in the full-
flow condition, but it seems undesirable that the tunnel be operated
in a condition intermediate between full-flow and free-flow as any
transient pressure waves could cause damage in the unlined tunnel.

Three alternate methods of gate operation have been con-
sidered and these methods are compared below:

METHOD A

Flow regulated so that the tunnel flows part-full at all
times. In this method the gate is required to regulate for 20%
of the time as for the remainder of the time the river flow is




less than the free-flow capacity of the tunnel (500 cusecs). How-
ever, the maximum discharge capacity is less than that for full
flow operation (620 cusecs),

MIZ"‘HOD B

I”Low x'efmlated 50 that tunnel flows elther part full or full
for its entire anO‘th and operation in the intermediate condition is
avoided as far as praotloable This method would involve opera-
tion in accordance with Method A up to RL 3992, which is the level .
in Tantangara Reservoir above which it is possnble to fully open the
gate-and achieve full-flow throughout the tunnel: This would permit
the discharge capdcuy of the tunn(,l to be mcreas_ed to 620 cusecs for

"~ the higher levels in the reservoir. The main disadvantage of this
method is the operation in the transition stage for short periods when
the reservoir water level passes through RL 3992, ‘

METHOD C

Flow regulated so that tunnel operatlon is mtermlttently
full flow or zero. This method would require that the gate operated
intermittently for a large proportion of the time, which means that
the flow would pass through the transition stage eac‘h time the gate is
opened. In order to ensure thatthe tunnel flowed full at all times it
would be necessary to raise the mlmmum operating level from RL
3960 to approximately RL 3992

It is proposed in the Investigations Report that remote.con-
trol be provided for the regulating gate together with remote indication -
of the gate position. It is also proposed that remote indication of water
level be provided. Thus, it will be possible to have the remote control
of gate opening depend on reservoir water level and the selection of the
amount of gate opening can be either manual or automatic, It is con-
sidered that the control of gate opening would be a more routine and
less complicated procedure if the tunnel were operated part-full at all
times. As the difference in the maximum dlbcharge capacity (part-full
and full) is enly approximately 120 cusecs it is considered that opera-
tion in the part-full condltlon w111 not cause any blgnlflcant 10&.9 in water
diversion, :

Operation of the tunnel part-full at all times'is preferred
(Method A)., This method avoids operation »m the transition stage be-
tween full and part-full and control of ga’ne c»pemng would be fairly
straightforward."

A sketch DT-H-9 "Murrumbidgee Portal - Murrumbidgee-
Eucumbene Tunnel - Alternative Arrangemnnt' (two prints enclosed)
has been prepared which, together with the above notes, summarizes
present requirements, and it is asked that designs proceed along the
suggested lines and within the broad limits of the proposed change in-
dicated in Section B (17) of Supplementary Notice No. 1 to Contract No.
20, 034,




It is regretted that finalization of Authority thoughts on this
feature of the Project has been delayed. Several alternatives; which
involved relatively major changes, have been under consideration and
were only eliminated definitely as of this date. ‘ ' ,

s/ Fred E Cornwell
t/ Fred E. Cornwell
Senior Engineering Advisor

In duplicate
Enclosure




As a result of the change in plans mentioned in the foregoing
letter from SMHEA, the maximum head on the control gate was reduced
from 160 to 105 feet, permitting a reduction in the size of the stilling
basin. The new basm dimensions were computed as follows without
additional model studies: S ; : N

1. Values existing in the basm as determined by model studies
and recommended for the 1n1t1a1 plan: :

H = 160 feet; Q = 600 cfs
99 fps
1. 42 feet
= 22. o feet | _
.74 feet (end of hydrauhc Jump)

- Targ 146

2. Computed from Laboraforv ‘Report No. Hyd 399- (Laboratory
Research Study on Stilling Basins):

a. For the initial plan:
D1 1.42 feet
Fo=14.6

= 20 D, = 28. 4 feet (Hyd-399) '

2.8Dg =178.5. feet (Hyd 399)
the modlfled plans
=105 feet; Q = 600 cis:

l 72 feet

82 ips

82
1.72 g

'15.2 Dy = 26. 2 feet (Hyd-399)

=11.0

= 2.8 Dy = 73. 4 feet (Hyd-399)

3. Computations based on the ratio of the dimensions for
the initial and modified plans as determined from Hyd-399 and applied
to the initial model study results: '




Hyd-399 - Initial . Modified
Initial © Modified  Ratio test ©  (Test X Ratio)

Dy 28.4 26. 2 0. 923 22,5  20.75

L 79.5 73.4 .923 740 68. 25

4. These computations indicated that the basin dimensions de-
termined by model study for the initial plans could be modified and new
dimensions recommended for the modified plans without the need for
further model studies. Consequently, the following memorandum was
prepared for the Bureau design branch concerned Wlth thls control struc-

The drawing, Figure 16, shows the recommended stilling basin
for the revised maximum head of 105 feet. Since the relative elevations
of the gate and the horseshoe tunnel downstream from the stilling basin
have been reduced 1. 75 foot, the discharge charts, Figures 14 and 15,
may be used for modified stilling basin as shown in F;gure 16 by reduc-
ing the total head values by 1.75 foot
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Memorandum , Denver, Colorado
To: Chief, Canals Branch : ~ April 1, 1958
Attention: W, W, Schneider

From: Chief, Division of Engineering Laboratories
Subject: Murrumbidgee-Eucumbene tunnel intake control structure

Model studies have been completed for the design of a stilling
basin to dissipatethe energy of 600 cfs entering the pool with a velocity
of 99 feet per second. The plans at the time of the model study assumed
a reservoir water surface elevation of 4107 and a stilling basin floor
elevation of 3947.6, or a head of ahout 160 feet on the gate ~Recent .
modification of the plans by SMHEA indicate that the maximum reservoir
elevation will now be 4052 which reduces the head at the gate to about
105 feet. The discharge will remain at 600 cfs. The authorlty by letter
dated March 7, 1958, asked for revised dlmensmns for the energy dls—
sipator using the lower design head.

The stilling basin determined by model study was somewhat
shorter and shallower than the minimum values computed using the
data from Hydraulic Laboratory Report No. Hyd-399. The water sur-
face in the jump was extremely rough; however, by placing 10 beams
and a 20-foot-long wave suppressor across the basin, tranquil flow was
maintained in the entrance to the 10-mile-long unlined tunnel which leads
to Adaminaby Reservoir. To arrive at an acceptable design for the new
basin, computations were made (using the Hyd-399 design curves) for
the initial head conditions and for the lower head of the modified plan.
The ratio of these values was apphed to the basin dimensions developed
by model study to determine the minimum dimensions for the new basm
These dimensions are shown on the accompanying drawmg

The basin design for the initial plans was the most economical
which could be developed by model .study, and the computed dimensions
of the modified basin are considered a minimum for proper operation
of the stilling basin. It is believed that the new basin under the smaller

head will operate as satisfactorily as that developed for the higher head, =

and that further model studies are unnecessary.

The information contained in this memorandum will be included
in the Hydraulic Laboratory report covering the studies made on the con-
trol structure. The report will be completed in the near future.

s/W. H. Price
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