


CONTENTS

Purpose . . . . . « « « v ¢« ¢ ¢ e 4 o o
Conclusions . . . .
Slide Gate Performance . . . . . . . . . .
Tumut Control Structure. . . . . . . . . .
Eucumbene Control Structure . . . . . . .
Recommendations. . « . o « « « « « « + o o .
Acknowledgment . . . . . . . « < ¢ o ¢ @ s o o
Introduction . . . . . . . . ¢ ¢ o 0 o 0 e e e e 4 .
Tumut Control Structure. . . . . . « « . . o . .
Eucumbene Control Structure . . . o o« o o o « &
The Models . . . . . . . . ¢« « ¢« « « o « o &
Investigation . . . o . o « ¢« & + ¢« o o o o o o .
Slide Gate Performance . . . . . « o« « « o &

Tumut Control Structure.

Preliminary De31gn-~Constant-w1dth Condmt Between

Gate and Transition . . . « « ¢ ¢ ¢« ¢ &« + .+ .
Recommended Design--Transition at Gate. . .
Sudden Enlargement Downstream of Control Gate.

Eucumbene Control Structure . . . . . .
Preliminary Design--Square Conduit Downstream

Gate. . . .

Recommended Des1gn==13 foot d1ameter Tunnel

Downstream of Gates . . . . « « « « « . .
Location and vicinity maps. . « « o ¢« = o ¢ o o . . o .

Location of proposal within Snowy Mountains scheme . . .
Snowy Mountains development river profiles, . . . . . .
Tooma-Tumut, Bypass, and Bypass access tunnels. . . .

Computed energy losses in tunnels and differential heads
actingongate. . . . ¢ o ¢ ¢ ¢ ¢ 6 o o o o o s

Page

[y

(S0 H> [4+] w NN =

W= I O

10
12
12
12

13

Figure


Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


CONTENTS (Continued)

Tumut control structure., . . . . .

Palisades 7-foot 6-inch by 9-foot 0-inch outlet gate.

Eucumbene control structure. . . .
The 1:19 scale models. . . . . . .

Control gate, 1:19 model . . . .

.

Figure

10

Preliminary and recommended designs of conduit downstream of
of gates, with piezometer locations--Tumut .

Preliminary and recommended designs of conduit downstream

of gates, with piezometer locations--Eucumbene .

.

Pressures on.gate frames,. transitions, and tunnels--Pre-

liminary designs . . . . . . . .

Flow separation from gate frame walls and hydraulic jump in

tumel - Tumut 2 e e o o o e

Flow condition in straight conduit and transition downstream
from control gate--Preliminary Tumut design . . .

Pressure cell traces of gate frame pressures with maximum
head and 23-foot back pressure~--Tumut .

Pressures in transition and tunnel--Recommended Tumut

design . . . ¢ ¢ ¢ ¢ s 0 o 4

Flow conditions in transition downstream of control gate--

Recommended Tumut design . .

Tunnel drains . . « « o« o « o « =«

°

Dispersion of jet in 13~-foot-diameter tunnel--Eucumbene .

Coefficient curves for Tumut and Eucumbene structure, and

critical Tumut submergence range

ii

11

12

13

14

15

16

17

18
19

20

21


Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


UNITED STATES
DEPARTMENT OF THE INTERIOR
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Hydraulic Laboratory Branch ' Checked by: W, E. Wagner
Hydraulic Structures and Reviewed by: J. W, Ball
Equipment Section Submitted by: H. M. Martin

Denver, Colorado
September 20, 1957

Subject: Hydraulic model studies of the control structures for Tooma-
Tumut and Tooma-Eucumbene tunnels--Snowy Mountains
Hydro-Electric Authority, Australia

PURPOSE

The studies were made to determine whether or not a particu-
lar type of slide gate_l_/ was suitable for use in the tunnel control struc-
tures under free and submerged discharge conditions with differential
heads up to 373 feet, and to determine the best shapes for the tunnels
immediately downstream from the gates.,

CONCLUSIONS

Slide Gate Performance

1. The slide gate design which uses a thick, flat leaf with a
45° sloping bottom, narrow gate slots, and outwardly offset downstream
slot corners, 1/ was satisfactory for use at all heads and gate openings
with either free discharge or high back pressure operating conditions,
This design should be used in both tunnel control structures, In a lim-
ited range of low back pressure conditions (Figure 21D), serious nega-
tive pressures occurred on the walls near the floor immediately down-
stream from the slots when the gate openings were less than 5 percent.
Operation within this range of low back pressures will be rare, but
during such time, gate openings of 6 percent or greater must be used,

1/"Hydraulic Model Studies of the 7-foot 6-inch by 9-foot 0-inch
Palisades Regulating Slide Gate--Palisades Project, Idaho, "' Report No,
Hyd-387.
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Tumut Control Structure

1. The Tumut control structure performs best with the floor
and walls of the conduit downstream from the gate in contact with the
flow and with a 50-foot-long transition that guides the flow into the 11-
foot 3-inch-diameter tunnel. The constant width conduit provided
between the gate frame and the transition in the preliminary design is
not needed. The structure should be simplified by moving the transi-
tion entrance up to the gate frame outlet.

2. The pressures in the transition and tunnel were satisfac-
tory at all heads and gate openings for free discharge or submerged
operating conditions. No adverse conditions were found when a hydrau-
lic jump formed in the circular tunnel, or in the transition, or at the
gate itself,

3. Great care must be taken to provide smooth straight sur-
faces on the conduit walls downstream from the gate so that local areas
of low pressure and cavitation do not occur due to flow interference.
Corrosion-proof steel plate should be anchored to the floor and lower
walls to insure trouble-free operation.

4. An air vent 18 inches or more in diameter is required to
supply the air demand of the gate and tunnel when a hydraulic jump
- occurs. Air is also required when the gate is near the full-open posi-
tion with low back pressures. The branch line to the gate frame vents
(Figure 6) should join the main vent at or above the elevation deter-
mined from Figure 17B, so that air will continue to be supplied as
needed to the gate after the main vent seals off with water.

5. A floor drain of conventional design located in the path of
the high velocity water from the gate would create flow disturbances
that could result in cavitation. Although no tests were made, it is
believed that slotlike drains, similar in cross section to the slots of
the slide gate (Figures 7 and 19), should cause little disturbance and
be cavitation free. Drains of this type should be placed between the
upstream guard gate and the control gate, and downstream of the con-
trol gate.

6. A conduit design using a sudden expansion at the control
gate requires a back pressure of 30 feet to keep the conduit full, and
a back pressure of 69 feet to keep the tunnel pressures atmospherlc
near the gate. These requirements make the design not readily appli-
cable to the Tumut control structure.

Eucumbene Control Structure

1. The Eucumbene control structure, which always operates
deeply submerged, performs as satisfactorily with the 13-foot circular
tunnel extended to the gate as with the square section of tunnel used in
the preliminary design. The square section and the transition to the
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13-foot-diameter tunnel may therefore be omitted from the design, and
the circular tunnel extended to a headwall at the end of the gate frame.

2. No negative pressures were found on the control gate, the
downstream guard gate, or the tunnel walls at any expected discharge
or backwater condition,

3. A floor drain of the slot type should be used between the
upstream guard gate and the control gate, and a modification of the
design should be used between the control gate and the downstream guard
gate.

4. The manhole into the gate chamber should be placed high
enough on the wall to be above the flow jet for the 30 percent gate open-
ing, and a good fit should be provided on the cover so that local areas
of low pressure and cavitation will not form.

5. No air vents are required because the structure always
operates with high back pressures.

6. Previous model studies of vertical-type stilling-wells2/
indicated that a modification of the design could be used to dissipate the
energy at the drain outlet. No stilling-well studies were made on the
Eucumbene structure.

RECOMMENDATIONS

1. Do not operate the Tumut control gate at openings less than
5 percent when the back pressure is between the limits shown on Figure
21D.

2. Use the coefficient curves in Figure 21 for determining the
flow through the Tumut and Eucumbene control structures.

ACKNOWLEDGEMENT

The testing and development program discussed in this report
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Branch, and the Hydraulic Laboratory Branch of the Commissioner's
Office, Denver, Colorado.

2/"Hydraulic Model Studies of the Stilling Well for the Blowoff
Structure, Soap Lake (Inverted) Siphon, Columbia Basin Project, "
Report No. Hyd-277.
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INTRODUCTION

The Snowy Mountains scheme, which is under the direction of
the Snowy Mountains Hydro-Electric Authority, is concerned with gath-
ering waters from both sides of the Great Dividing Range in Southeast-
ern Australia and utilizing them for irrigation and power generation
(Figures 1 and 2). The Tooma-Tumut Diversion Project is a part of
this plan, and Tooma Reservoir will collect and temporarily store
waters on Tooma River., From Tooma Reservoir the water is carried
under a mountain range by the 9-mile-long Tooma-Tumut Tunnel into
either Tumut Pond or Eucumbene-Tumut Tunnel (Figures 3 and 4).
Additional waters will enter the Tooma-Tumut Tunnel at inlets provided
where streams cross over it (Figure 3). These waters may flow di-
rectly into Tumut Pond, or into Adaminaby Reservoir through the
Eucumbene-Tumut Tunnel, or may be stored temporarily in Tooma
Reservoir.

Tumut Pond, which serves as the forebay for T-1 Powerplant,
is fed directly by Tumut River, and by gravity flows through Tooma-
Tumut Tunnel, and through the Eucumbene-Tumut Tunnel from Ada-
minaby Reservoir (Figure 2). Adaminaby Reservoir, which lies on the
seaward side of the Great Dividing Range, is the principal storage res-
ervoir of the scheme and, when full, has a water surface elevation of
about 3822 feet (Figure 3). The water surface elevation of Tooma Res-
ervoir will always be above 3850 feet and may be as high as 4021.5
feet, and the water in it may be transported by gravity to Adaminaby
Reservoir., To accomplish the transfer of water, a bypass tunnel is
provided near Tumut Pond to connect the Tooma=-Tumut Tunnel with the
Eucumbene-Tumut Tunnel (Figure 4). Control structures are provided
in the main tunnels and in the connecting tunnel so that the route and
the rate of flow can be controlled. The calculated tunnel losses, back
pressures, and heads acting in the system are shown in Figure 5.

Most of the model tests were made using the maximum design head.

Tumut Control Structure

The Tumut control structure, as initially proposed, consisted
of an upstream guard gate, a 7-foot 6-inch by 9-foot 0-inch regulating
slide gate, an 18-foot-long, constant width conduit just downstream
from the gate, and a 50-foot~long transition to the 11-foot 3-inch-diam-
eter tunnel downstream (Figure 6). At the tunnel outlet a bulkhead gate
was provided so that the tunnel could be closed and emptied to permit
inspections and maintenance work (Figure 4).

The flow in the tunnel downstream of the control gate may oc-
cur as shooting flow with a free water surface through the entire tunnel
length, or as shooting flow for part of the length followed by a hydraulic
jump, or as closed conduit flow with the tunnel filled and under pres-
sure. This range of operating conditions occurs because the level of
Tumut Pond, into which the tunnel empties, can vary from below the
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level of the tunnel outlet to about 139 feet above it. Normally Tumut
Pond will be maintained at the highest elevations so that the highest
possible heads will exist on the powerplant supplied by the pond. Thus,
most of the operation of Tumut control structure will be under high
back pressure conditions. Infrequent operation will occur at small sub-
mergences, or with no submergence, during the initial filling of Tumut
Pond, and during subsequent low or filling periods.

When free discharge occurs, the differential head across the
gate may become as high as 373 feet and the flow will leave the gate
with velocities up to 155 feet per second. It is therefore important that
the control gate and the conduit downstream be carefully designed and
accurately constructed if satisfactory performance and service is ex-
pected.

At certain tail-water conditions, a hydraulic jump will occur
in the tunnel and a great deal of air will be entrained and carried away.
A venting system must therefore be provided with adequate capacity to
supply this air demand without building up a large pressure differential
between the atmosphere and the tunnel. If the vent is inadequate, the
pressure within the tunnel will be lowered excessively and the risk of
producing local areas of low pressure and cavitation due to flow dis-
turbances at boundary irregularities will be great.

As the submergence on the tunnel increases, the tunnel will
fill and the gate will operate against back pressure. The head differ-~
ential across the gate will decrease as the back pressure increases,
and at moderate and high submergences there should be no trouble with
cavitation. At small back pressures, where the differential heads are
high and the back pressures low, critical flow conditions can exist.

After considering the operating characteristics and the instal-
lation requirements of various types of gates and valves now in use in
Bureau projects, it was decided that slide gates of the type developed
for Palisades Dam Outlet Worksl/ were best suited for the Tumut con-
trol structure. This gate uses a thick, flat leaf with a 45° sloping
bottom, narrow gate slots, and outwardly offset downstream slot cor-
ners (Figure 7). The gate was originally designed for free discharge
regulation under heads up to 240 feet, but model tests made during its
development showed that it could also be operated against back pressure.
A gate of identical design was planned for the upstream guard gate. In
the initial design, the conduit immediately downstream of the regulating
gate was made with the walls and floor continuous with those of the gate
so the flow remained in contact with and was guided by the surfaces for
a considerable distance before enterlng the transition to the 11-foot 3-
inch-diameter tunnel.

Eucumbene Control Structure

The design of the Eucumbene control structure (Figure 8),
which may be subjected to differential heads up to 357 feet, was

5
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simplified by the fact that the tunnel will always operate submerged
under heads of 80 or more feet (Figure 5). The proposed structure con-
sisted of an upstream guard gate and a control gate identical to the ones
in the Tumut control structure, and a bulkhead-type guard gate immed-
iately downstream from the control gate. At the outlet of the 7-foot-
6-inch by 9-foot 0-inch bulkhead gate the conduit enlarged abruptly into
a 12-foot-square tunnel section which led through a transition into the
13-foot-diameter downstream tunnel. This sudden and appreciable
enlargement allowed the jet from the regulating gate to enter a water
"cushion' which was expected to spread and dissipate the high velocity
stream without causing structural damage.

To assist in determining, and improving where necessary, the
hydraulic performance of the two proposed control structures, hydraulic
studies were made on 1:19 scale models. A discussion of these model
studies and the results obtained therefrom are presented in this report.

THE MODELS

In the initial designs of the Tumut and Eucumbene control
structures, the upstream tunnels, transitions, upstream guard gates,
and regulating gates were identical and one model was used to represent
these portions of both structures (Figure 9). The tunnels were initially
to be 11 feet 6 inches in diameter and the model was made accordingly.
Later the diameters were reduced to 11 feet 3 inches and the gravel
trap was added in the Eucumbene structure. No changes were made in
the model because the flow conditions at the gates would not be appreci-
ably altered by these changes. The tunnel sections downstream of the
control gates differed greatly from one another, and each was repre-
sented by appropriately shaped sections.

The control gate used in the model tests is shown in Figure 10,
This gate, which was used in previous model studies, set a 1:19 scale
ratio for the Tumut and Eucumbene models. Gate frame air vents were
included in the roof of the gate., Two slight discrepancies existed
between the modified model and the latest design for the prototype gates.
First, the model leaf did not include the downward step of the flat sur-
face at the leaf bottom, and second, the rate of convergence of the
model sidewalls and roof downstream from the slots was greater than
the slope in the prototype gates (Figures 19 and 7). These discrepancies
do not materially affect the flow and pressure conditions within the gate
and any slight differences will be in the direction of better conditions in
the prototype gates.

The upstream guard gate was represented by a nonoperating
gate with a flow passage identical to the passage in the fully opened
regulating gate. The downstream guard gate in the Eucumbene struc-
ture was represented by a nonoperating gate, and its flow passage was
the same as the shape anticipated for the fully opened bulkhead-type
gate with narrow gate slots (Figure 9C). The downstream slot corners


Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


of this gate were set 1 inch outside of the line of the upstream walls,
and there was no convergence on the short walls downstream from
thesé corners.

The tunnel transitions were made of carefully formed sheet
metal, The circular tunnels downstream from the gates were made of
transparent plastic. Sections of transparent pipe were available in the
laboratory in diameters approximately correct for the model and, as
the diameters of the tunnel were not critical in these tests, the existing
sections were used. The 11-foot 3-inch tunnel was therefore repre-
sented as being 12 feet 3 inches in diameter, and the 13-foot 0-inch
tunnel was represented as being 12 feet 11 inches in diameter. The
square section of conduit shown to be 12 feet square downstream of the
Eucumbene gates (Figure 8) was modeled as 13 feet square in accord-
ance with an earlier design.

The piezometers already in the model gate were satisfactory
(Figure 10). Other piezometers were placed in the outlet conduits in

. areas considered to be critical. In the Tumut Tunnel these areas in-

cluded the floor and lower portions of the walls in the constant-width .
section and in the transition section downstream from the gate, the
circular conduit following the transition, and the conduit roof near the
gate (Figure 11). In the Eucumbene connecting tunnel the areas in-
cluded the downstream guard gate, the square to round transition, and
the upstream end of the 13-foot-diameter tunnel (Figure 12). Piezom-
eters were also provided in the inlet tunnel 1 diameter upstream from
the transition to the gates, and in the outlet tunnels well downstream
from the gates. From these piezometers the pressure upstream from
the gate and the back pressure downstream of the gate could be deter-
mined. Most of the pressure measurements were made using single
leg water manometers. When pressures exceeded the height of these
manometers, a mercury gage was used. In cases where rapidly fluc-
tuating low pressures were encountered, measurements were made
using a strain gage-type pressure cell with suitable electrical recording
equipment.

The models were connected directly to the central laboratory
supply system and the rates of flow were measured by calibrated ven-
turi meters. The back pressure in the model was adjusted by a valve
near the end of the model tunnel. The flow leaving the model returned
to the laboratory supply reservoir and was recirculated.

INVESTIGATION

Slide Gate Performance

Model tests made on the Tumut structure showed that for most
operating conditions the flow and pressures within the slide gates were
satisfactory (Figure 13A, 13B, and 15). During free discharge opera-
tion, and operation at large submergences, the conditions were good.
But during operation at small submergences with gate openings between

7
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0 and 5 percent, several areas with extremely low pressures were
found on the gate frame walls downstream from the gate slots, Figure
13B. These areas did not show low pressures during free discharge
operation with small gate openings because the water separated from
the sidewalls and the areas were open to the atmosphere (Figure 14A).
At openings larger than 5 percent the flow was in contact with the gate
frame walls and the pressures were positive., The change from flow in
contact with the walls to flow free of the walls occurred abruptly and
was not accompanied by pressures appreciably below atmospheric pres-
sure. At flows with the gate submerged, aeration cannot occur and the
tendency of the flow to separate from the walls causes a reduction in
pressure. If the back pressure is considerable, the hydraulic grade
line will be high, and this pressure reduction will not lower the pres-
sures to negative values. However, if the back pressure is small, the
pressure can be reduced to the vapor pressure of water, and cavitation
will result.

In the Tooma-Tumut Tunnel, operation in the range of low back
pressures is not expected to occur often or for long periods, but such
operation must be expected. One method of avoiding difficulty was to
avoid operating the gate at openings less than 5 percent when the back
pressure is low. But it was better to eliminate, insofar as was prac-
ticable, the trouble in the gate. Model studies were made to determine
a practicable slide gate design that would be free of severe negative
pressure at small openings with small back pressures.E/ The studies
did not, at this time, lead to a successful design. Although hydraulically
satisfactory designs were obtained, seal problems were encountered
which were too complex to be pioneered on a gate subjected to service
as severe as that in the Tumut structure. It was finally judged best to
use the Palisades-type gates without change (except the strengthening
required by higher heads) and to avoid the 0 to 5 percent gate settings
when the submergence is low. All tests reported herein were therefore
made using this gate design, and the range of critical back pressure
conditions at which operation from 0 to 5 percent gate openings must be
avoided is shown in Figure 21D,

Tumut Control Structure

Preliminary Des1gn--Constant -Width Conduit Between Gate and Transi-
tion

The flow conditions during free discharge releases were good
and the flow left the gate in a smooth, clean jet to continue without dis-
turbance through the constant-width conduit (Figure 15). Only minor
disturbances were evident when the flow entered the transition section.

o/ "Hydraulic Model Studies Concerning Moving the Slots Up-
stream in Slide Gates and Concerning Reducing the Slot Size Near the
Floor, "' Report No. Hyd-432.


Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


The pressures measured on the gate frame, in the constant-width con-
duit, and in the transition were all satisfactory, even though small,
negative pressures were found on the floor and low on the sidewalls of
the constant-width conduit downstream from the gate frame (Figure 13).
No negative pressures were found in the transition.

When the back pressure in the downstream tunnel was increased,
a hydraulic jump occurred in the tunnel (Figure 14B). Large quantities
of air were entrained by this jump and carried out of the tunnel. When
the air supply to the tunnel was shut off, the tunnel pressure dropped
and the jump moved upstream to a new point of equilibrium, When the
air vent was opened, the pressure returned to its previous value and
the jump moved downstream. .

The front of the jump in the tunnel moved erratically up and
downstream from an average equilibrium point for the particular oper-
ating condition. When the jump was near the gate, water intermittently
splashed up onto the leaf and then was swept downstream. No large
changes in pressure were found at piezometers in the areas where there.
was uninterrupted flow. When the back pressure was increased, the
foamy water rose to the full height of the gate leaf and the piezometric
pressures increased. When the back pressure was sufficient to make
the roof pressure slightly positive at the gate frame air vents so that
no air entered the conduit, quiet flow existed in the tunnel. All pres-
sures were positive at all gate openings above 5 percent (Figure 13B).
At openings of 2 and 3 percent, all pressures were positive except on
the gate frame walls 3 inches above the floor 3 and 6 inches downstream
of the slots. The pressures at these locations were negative, and fluctu-
ated greatly. Figure 13B shows the pressures obtained from water
manometers. '

It was recognized that the inertia of the columns of water in
the gage lines and gage glasses prevented accurate measurement of
these rapidly fluctuating pressures, and more precise tests were made
using a pressure cell with suitable electric recording equipment. These
pressure cell measurements showed that the pressures were frequently
so low that cavitation would occur in the prototype structure (Figure 16).
The studies made to eliminate them were not completely successful in
that they did not at this time produce a modified gate design that could
be used for the Tumut control structure. It is therefore mandatory
that the Tumut control gate be operated at openings greater than 5 per-
cent whenever the back pressure is within the ranges given in Figure
21D for the particular elevation in Tooma Reservoir. With back pres-
sures below line B (Figure 21D), free discharge flow conditions and
aeration will occur at the gate and no trouble will be encountered. With
back pressures above line A, Figure 21D, the wall pressures will be
sufficiently high to prevent cavitation, and the operation should be
trouble free. This restriction on gate openings is not expected to work
a hardship on the operating schedules because the critical submergences
will occur rarely, and a gate opening of 6 percent instead of 3 percent
should cause no serious problem, '
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Recommended Design-~Transition at Gate

A simpler and less costly structure would result if the con-
stant width conduit between the gate and the transition were eliminated.
To determine the flow conditions and pressures with this conduit re-
moved and with the transition entrance at the gate outlet, the model was
altered and piezometers were added to the transition to better cover
the critical areas in the sidewall and floor (Figure 11B). The pressure
on the downstream gate frame during free discharge and submerged
operation remained about the same as shown in Figure 13, and all the
observed pressures in the transition and in the circular tunnel were
positive (Figure 17A). The flow conditions were good, and during free-
discharge releases the jet entered and passed through the transition
with no appreciable disturbances (Figure 18). It was concluded that the
constant width conduit between the gate and transition was unnecessary,
and that the transition could be placed immediately downstream from
the gate. The limitations on gate openings between 0 and 5 percent with
submergences between lines A and B (Figure 21D) remain applicable
with this design.

The extremely high velocity flows that may occur across the
surfaces of the transition will produce areas of low pressure and cavi-
tation if these surfaces present any appreciable roughnesses or irreg-
ularities to the flow. If regions of slightly weak concrete should be
present at the surfaces, washing may occur and produce a roughened
surface that will cause damage due to cavitation and direct impact. To
obtain and preserve the smooth, well-alined surfaces required for
trouble-free operation, a corrosion-proof steel lining is recommended
for the floor and lower sidewalls throughout the length of the transition.
The sections of plates making up this lining must be well alined and
well anchored, and incapable of drumming or vibrating, Any slight ir-
regularities or misalinements that occur during installation should be
ground away to produce smooth surfaces in the direction of flow.

Floor drains, Floor drains will be needed to empty the tunnel
when inspections are to be made. Due to the 0,001 up-slope of the tun-
nel from the gates to the outlet portal, the low point of the tunnel and
hence the best location for the downstream drain is close to the gate.
This location also has the advantage of simplified piping because the
access tunnel and waste facilities are near the gates. However, the
discontinuity that would be produced in the floor by an ordinary drain
could cause trouble due to cavitation because of the high velocity flows.
Therefore, a number of modifications to the drain entrances were con-
sidered that might reduce any tendency for producing negative pressures.
These included rounding the corners of the holes, tapering the surface
downstream from the holes, and using different sizes, shapes, and
spacings of holes. The ideas ultimately led to the selection of a slot-
type drain which extends the full width of the passage and resembles a -
gate slot in cross section (Figure 19). No tests were authorized for
determining the performance of this type drain, and none were made,
but the drain is believed to be satisfactory.

10
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Air vents. Provisions were made in the preliminary design
for an air vent extending from the ground surface either vertically or
diagonally downward 320 or more feet to the roof of the tunnel (Figure
4). A branch line from this vent supplies the air manifold in the roof
of the downstream frame of the control gate (Figure 6). The demand
for air occurs when a hydraulic jump forms in the tunnel. The peak
demand was computed to be 600 cfs. This demand is based upon an
experimentally determined rela}ionship of air-to-water ratio and Froude
number at the vena contracta.*

A 24-inch-diameter vent would carry the 600 cfs of air at a
velocity of 193 feet per second and with a combined entrance, friction,
and exit loss of about 2. 4 feet of water, But the likelihood of ever
reaching this peak air demand, which requires the peak flood storage
in Tooma Reservoir and a Tumut Pond elevation just sufficient to hold
the jump close to the control gate, was considered remote. Four hun-
dred cfs was selected as a more reasonable rate of air flow and was
used for design purposes. An 18-inch-diameter line would carry the
400 cfs at a velocity of 226 feet per second, and with a total head loss
of 4.0 feet of water. This loss, which in effect will be the pressure
difference from the atmosphere to the tunnel, was not excessive and the
18-inch~diameter vent, though inferior to the 24-inch one, was con-
sidered acceptable.

The most suitable location for a vent opening is close to the
downstream face of the regulating gate leaf, Structural limitations
prevented placing the opening in this region, and it was placed just
downstream of the gate frame (Figure 6). Smaller vents were provided
close to the leaf by the manifold built into the roof of the gate frame
~ (Figure 7). Air to this manifold is supplied by a branch pipe that joins
the main vent at a point above the roof of the conduit (Figure 6). During
operation at small back pressures, there is a rising pressure gradient
along the conduit (Figure 17A). Water will therefore rise in the main
vent while the gate body vents are still demanding air. It is important
that the branch pipe joins the main vent at a high enough elevation to
keep the branch unflooded until sufficient back pressure has built up to
make air unnecessary at the leaf. To establish the elevation for this
junction, tests were made to determine the pressure profiles along the
roof of the conduit downstream from the gate (Figure 17B). These tests
were run with maximum head represented on the gate, and with the back
pressure regulated to just maintain atmospheric pressure at the gate
vents. From the data obtained (Figure 17B), the minimum junction
elevation could be selected for the location chosen for the main vent
opening. '

Coefficient curves, The curve showing the relationship of
coefficient of discharge and gate opening during free discharge conditions

4/ "Hydraulic Design Criteria, '' Sheets 050-1, U. S. Corps of
Engineers,
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is shown in Figure 21A. This curve is based upon the gate opening in
percent of effective travel, the area of the 11-foot 3-inch-diameter con-
duit and the piezometric pressure at the Reference Station, one diam-
eter upstream from the gate transition. The curve for submerged flow,
based upon the gate opening, the conduit area, and the piezometric head
drop from the Reference Station to the tunnel station 156 feet downstream
of the control gate, is shown in Figure 21B.

Sudden Enlargement Downstream of Control Gate

Consideration was given to a design that provided a sudden
enlargement immediately downstream of the control gate and that raised
the tunnel outlet portal 10 feet to make the tunnel flow full. This design
was intended to provide a water cushion around the high-velocity flow
from the gate and to make the design similar to that of the Eucumbene
structure.

Computations and tests showed that a back pressure of about
30 feet was required above the gate invert for sufficient downstream
pressure to hold a hydraulic jump when releases at near maximum
heads were made at 20 and 30 percent gate openings. Other tests showed
that a back pressure of 69 feet was required to keep the wall pressures
of a 13-foot-diameter tunnel atmospheric when releases were made at
the maximum head with a 30 percent gate opening. These computations
and tests showed that the required back pressures were much above the
10 feet to be provided by raising the outlet portal, and consequently
trouble could be expected during operation with low water surface ele-
vations in Tumut Pond. The tunnel portal could be raised enough to
obtain acceptable pressure conditions, but other design problems would
be introduced by this change. It was therefore considered best to retain
the design in which the conduit surfaces remained in contact w1th the jet
and gradually directed it into the circular tunnel,

Eucumbene Control Structure

Preliminary Design--Square Conduit Downstream of Gate

In the preliminary design, the conduit cross section downstream
of the control and guard gates was a square 12 feet wide and 12 feet
high (Figure 8). This 3-1/2-foot-long square section was followed by
a 19-1/2-foot-long transition to the 13-foot-diameter tunnel. The square
section was placed at the gate outlet to provide more space than the
circular section provided for circulation of water between the issuing
jet and the tunnel walls., Better circulation of water around the jet was
expected to produce a more stable dispersion of the jet-and less tendency
for the jet to strike the walls.

Tests were made with a 13-foot square section represented

downstream from the gates, and also with the 13-foot-diameter tunnel
extended to the gates. Good flow and pressure conditions occurred with
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both designs. At the most severe operating conditions, which occurred
in the range of 10 to 30 percent gate openings, the pressures in the
round conduit were slightly higher at the top and bottom and slightly
lower along the sides than in the square conduit. The differences were
small and the stability of the jet was good in both designs. It was con-
cluded that, because the circular conduit was as effective as the square
one and was simpler and less expensive to build, the square conduit
should be omitted and the circular conduit extended to the gates.

Recommended Design--13-foot-diameter Tunnel Downstream of Gates

The pressures on the control gate, on the downstream guard
gate, and on the walls of the 13-foot-diameter tunnel were positive and
satisfactory at all applicable operating conditions (Figure 13C). The
tests were made with the maximum head represented on the gate and
with the minimum back pressure, including friction, that will occur in
the tunnel to Adaminaby Reservoir.

The flow dispersion within the tunnel was studied by admitting
air through the gate frame vents to make the flow pattern visible (Figure
20). In the region 1 to 2 tunnel diameters downstream from the gate,
strong upstream flow occurred over the top of the jet, and downward
flow occurred between the sides of the jet and the tunnel walls, This
down-flow was greatest close to the gates. The flow beneath the jet
moved downstream. Four tunnel diameters downstream from the gate
the flow direction in the upper part of the conduit was unstable and inter-
mittently changed from upstream to downstream. At 5 tunnel diameters
downstream from the gate the dispersion was sufficiently complete so
that all the flow across the tunnel section moved downstream. No di-
rect impingement of high-velocity flow occurred on the tunnel walls,
and no undue pounding or slugging was present. The design in which
the gates discharged directly into the 13-foot-diameter conduit was
therefore recommended for use.

Floor drains. Floor drains were required between the up-
stream guard gate and the control gate, and between the control gate
and the downstream guard gate, to empty these regions to permit in-
spection and maintenance work (Figure 8). For simplicity, the slot
type drain, similar to the one recommended for the Tumut gate structure
should be used downstream of the first guard gate in the Eucumbene
structure (Figure 19). The drain between the control gate and the down-
stream guard gate can be placed in the space made available between
the face of the downstream guard gate leaf and the downward step from
the floor to the leaf seal (Figure 19).

Gravel trap, drain, and energy dissipator. A gravel trap and
drain were provided upstream ifrom the Eucumbene control structure
(Figure 8). The head on the 12-inch drain line may at times be over
400 feet and care must be taken in releasing the water into the access
tunnel. To control and dissipate the excess energy of the releases within
the confined space available in the access tunnel, a well-type stilling
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basin2/ was laid horizontal with the basin discharge port facing upward
(Figure 8). The well includes large corner fillets, No model studies
were made on the horizontal well in the Eucumbene structure.

Manhole, An entrance port, or manhole, was required for
access into the area between the control gate and the downstream guard
gate (Figure 8). For convenience this port was placed relatively low on
the left sidewall. It was, however, kept high enough to be above the
elevation of the high velocity flows released at gate openings below about
30 percent. At gate openings larger than 30 percent the friction loss in
the upstream tunnel reduces the effective head sufficiently so that ex-
treme velocities no longer occur. Reasonable care should be taken to
provide a smooth continuous flow surface along the sidewall and across
the manhole cover,

Air vents. No air vents were needed and none were provided
in the Eucumbene control structure because the flow always occurs under
high back pressures. All pressures in the gate structure were strongly
positive,

Coefficient curve. The curve showing the relationship of
coefficient of discharge to gate opening, based upon the drop in piezo-
metric head from the reference station upstream of the gate to the tunnel
station 180 feet downstream of the guard gate, is presented in Figure
21C,

14
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REPORT HYD. 429
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FIGURE I3
REPORT HYD 429

Pressures expressed in feet of woter, Prototype,

Data from {19 scale model

IEZOME TER GATE FLOOR 3" FRDM WALL |GATE CORNER OF FLOOR 8 WALL GATE WALL 3"ABOVE FLOOR [GATE WALL (1.8" ABOVE FLODR GATE ROOF 3"FROM WALL GATE ROOF 11.8" FROM & CONDUIT FLOOR 12"FROM WALL C,,W QA!LMWQQR!!EBY (CONDUIT WALL 4.8"ABOVE FLOOR|CONDUIT WaLL 12"ABOVE FLOOR TRANSITION REF
GATE DISTANCE FROM LEAF DISTANGCE FROM LEAF DISTANCE FROM LEAF DISTANCE FROM LEAF DISTANCE FROM LEAF DISTANGCE FROM LEAF DISTANGE FROM GATE DISTANCE DISTANGE | DISTANCE FROM GATE | DISTANGE FROM GATE PIEZOMETER NUMBER STATION
OPENING 6" [ne"[ 1s" [ 24" [30" | 3" | & [ 18] 18" [ 24" | 30" e [118"] 18" [ 24" [ 30 s [ne [ 18" [ 24|30 6 [ne'] 18°] 24" | 30" 48" | 96" 48" 96" [ 144" [ 24" | 96" | 24" [ 48" | 96" 24" [ae" [o6" [1aa"| 1 T2 [ 3] 4] 5756

100 % |—— Positive — Positive Positive S -+——Positive - - Positive T— -Positive ~ Positive —>| Positive ~c--POsitive — -~ Positive p—— ~—t---——Positive 1.6

59 B " N . N B W .- W " " 1.6

58 w u w “ —~&—1-Flow not on surfaoce ——t—s— “ “ “ “ u u

97 © " " — Spray 8 Fins on surfoce ——> " " " " » " " " I2’_7.__«

90 " B " —<— Flow not on surface ——> » “ " " " u » » 7.3

50 319 |283 253|213 | 177 |365 340 302|260 (228196 266 (226 | 188|144 . . " ,. 82 |29 38 |32 |06|27 |93 !61 |25 80 |36 | 25|23 |36 46|48 |55 |40 |46 |637

30 578 |448 | 359 [26.2 | 18.2 {684 (606 |486]|36.3|289! 205 357 1247(16.2| 76 “ " « " S 1] 0 6530 | i5 | 76,;-03738)25 |-02 25 (-7 1.0 |08 {04 |46 |59 |53 |29 |38 |i402 |

20 72.2 |688 | 355 |21.5|12.0 901 |764 | 551 | 36.1 |25.7] 150 295188118 | 38 " . " " 10013 67|32 |10 (53 -1.7¥1.0406 |0 06 -40V-100 15 [49 (61 |76 |59 |1t 134 2090

10 616293188 [103| 55 |32Zro| 2210355 163]120] 6.5 not on surface —f-—af . » o " 1a.4|-2.1 78 {48 |06 |51 [25V32)-027-1.7 45 |-19V30 {29 |36 |70l82|57]-1.3 ]34 |302.7

7 409]21.7|143] 94| 57 | 731|456 |217| 122|139 84 " . . . " . 51 |-2.1 84708 |17|6506Y15%-08y02 511 Vis|i1ofior]| 70 (5549 0 322.8

5 232|11.8[139| 76 | 7.2 | 72291160 | 95| 12.4] 8.0 " u " « . . 53 (-1 9 7448 | 11| 5704 |-1.3%08] 06 04{02|08 o8 |i1|i5]06l21 04 3443

3 198 5553 34| 19| 21| 25| 15| 19] 29| 132 | Flow not on surfoce —= " " u " " " 7.8 -2.9 59| 1.7] 06| 1004} 06| 06|04 06| 06| 06|04 13| 06| 04]08]|08 5426
A- TUMUT CONTROL STRUCTURE-FREE DISCHARGE

EZOMETER]  GATE FLOOR 3" FROM WALL [GATE CORNER OF FLOOR B WALL| GATE WALL 3"AB80VE FLOOR 1.8" ABOVE FLOOR GATE ROOF 3" FROM WALL GATE ROOF 1.8 FROM € CONDUIT FLOOR 12"FRON waLL | PRRUIT FTOOR | CONBIT™ TcompuT WAL 4.8"ABOVE FLOORIGONDUIT WALL 12" ABOVE FLOOR TRANSITION o[ oo
GATE DISTANCE FROM LEAF DISTANGE FROM LEAF DISTANGE FROM LEAF DISTANGE FROM LEAF DISTANGE FROM LEAF DISTANGE FROM LEAF DISTANGE F ROM GATE DISTANGE | DISTANGE | DISTANCE FROM GATE | DISTANGE FROM GATE [ PIEZOMETER NUMBER ,':g,‘ STATION
OPENING 6" [ie"[ 18" [2a" [30" | 3" | & [ n.e"] 1a” [2a" [ 30" 6 e’ ] 1e Jaa" [30" | 3" [ 6" Jus ] 18" [ 2a"[ 30" 6 [nefis" | 2a" 30 48" | 96" 48" | 96" [ 144" 24" | 96" |2a" [ 48" 96" 24" [a8" [ 96" [1aa"] 1 | 2 [ 3 [ & | s [oate

100 % Positive Positive Pasitive Positive Positive — Positive ~—Positive —o= Positive ——1--Positive — -%—Posi:ﬁve ~f-—->~§ =< —1— Positive H—>| 1.8 14.3

98 " " " . 63 | 70 | 80 | Positive . " 166 i9.0

97 B " ,. 38 {76 | — [ 97 |84 36 | 55| 7.2 . . « 175 201

95 " " u Positive- Aslighﬂy lower thon neor & 38 343240 l 53 i u :" g ": » 17.5 20.6

90 o " u i : a2 ' ' -~ = . 4.2 - : " d » v “ 1731 235

80 " " v 3.2 3.2 - 34 34 o |34 3.4 3.4 v 186 | 30.0

70 270 |25.8 |236'| 22.0 [209 " " y [Positive] | ~—f—Positive —| —J > 154|120 156]12.a|16 [175]118 {169(146 |14 154|133 | n2 | 108 [120]i22 |24 |t23 129210 | 399

60 Positive .. " i 3.0 _ ___30 - [ Positive < Positive —>| —Positive | <—]Positive Positive Positive ———| | 247 | 538
50 —~-Strongly Positive —— —e~t Strongly Positiv ngly Positive —t— T : 4.0 - > - 4.0 — - I 12.0 u » . v » 287 738
40 " " i " " { Ir Positive ! { % } Positive } % Positive -] n . " ", n 32511 03.2
30 “ . B ' B - — 3.8 - . - — 3.8 — —> o W :. w N " 352 | 1482
20 . . u « ositive ——> [3.4 i 38 — 3.8 i . -- 6.8 f . 355 21856
10 714 | 395|295 |21.3 [16.3 | 918 |735]45.4 |28 |236]18.4 1.6 - 3.0 — —— 30 —— 182 | 8.6 193] 146|112 | 18a]iz0l9s [106 ] 03 g [1z25]146122 [120] 160 158]|14.8[10.5 |2eeacx| 3076
5 32.70 211 | 241 | 190 | 160| 52.4] 365|266 |21.3 [23.2] 201 i1.4 i — 29 — i [2.9 2.9 ]ap [53] 51 8.1 | 8.9 137110 | 200{13.1 [11a [118]10a 04 |i2z2|1a3]122]|108]| 141 |i135|124]|8.7] » | 3469
3 207 [[F9tojti.8 | 13.7] 14638 10|42 ro/iB5%T0| 238 | 257|223 1.8 i - 3.8 - _ 1 _ 38 - 177112 154 137|120 186)14.1 [131 [137 127 ita |t2.2{133]t12e|1nol 27|18 j11.0] 9.1 " 3678
2 205| 76 [137] 154 |5,sh’§ro 3210|137 [222] 260 226 122 Y i - — a2 — i G 15.4] 139|124 188[13.9 |i29}137]12.7 na Jrezfas]ize|ne| 131 jizs{1iefio]| » | 3762
) B- TUMUT CONTROL STRUCTURE- SUBMERGED DISCHARGE
( Submergence just sufficient to praduce otmospheric pressure at gote frame
EZONETER | GATE FLOOR 3" FROM WALL  IGATE GORNER OF FLOOR & WALL| GATE WALL 3"ABOVE FLOOR 1L8" ABOVE FLDOR GATE ROOF 3" FROM WALL GATE ROOF I1.8" FROM € 6UARD GATE FLOOR | GUARD WALL 4.8" UP |GUARD WALL I2"UP SQARD MAL-  [suaro 13’ DIAMETER TUNNEL
"DISTANCE FROM LEAF DISTANGE FROM LEAF DISTANGE FROM LEAF DISTANGE FROM LEAF DISTANCE FROM LEAF DISTANCE FROM LEAF 4.8"FRON WALL] 12"FRON WALL [SLOT POSITION POSITION POSITION OOt |HoRiZONTAL €| GROWN INVERT | € STARTE,:'N
OPENING 6" J1.8"] 18" 24 | 30" | 3" | & |11.8"] i8" | 24" ]| 30" 1e"| 18| 24" [ 30" 6" 118" 18" [ 24" [ 3D 6" [n.e"] 18" | 24" 30" za" | 12" 12 | 24" |ga0L [omneal 12" 2““% 4" [oire] 24| 28" [103"] 28" [103"] 28" [103" [BOFY,

100 % 996|994 |993|99.0|988 | 99.7|996 |99.4 993 — [989 988 |985| 984 (9B2 537|933| — |923|923 935|932|92.7(92.7-92.5 98.8 [ 990 988|985[98.3]994 |982[98099.2 92.392.3|92.5196397.3 | 92.1 |93.8 1008 [101.4 [100.6 |103.1

98 same >~ | < some > some > 9p2| 938] — |922]923 899 | 923| 927|928 [926 98.7 1990 58.7|98.4 [ 98.2] 995 [ 98197999, 922]9221923|964|969|922]926[1008[1014[1006]103.1

96 993]99.0[99.0|98.7]985 [998 [995]993] 991 | — [989 98.5| 98.2| 980|979 86.0| 875| — | 927|924 87.2 | 871888 | 903[909 987|987 977} 984|982 | 9811996 979[977 [99.3 92.7/92 6|92 9{966 (971 [ 931 |9381005[I011 [1006[103.3

94 98.9|967 |98.4]|98.2|99.2|993|990|98.9|987| — |98.2 979 |978/875(971 852| 847| — |87 889 865 | 862|866 | 860|867 984 (984 982|980 | 978|993 | 976|97.5/98 9 919 |92.1| 917|961 |965| 93.3] 93.7[1003[1012][100.6] 1036

30 984 [98.4| 981 976|971 [99.4|99.1[989]985] — [975 979 974|970[96.2 863|859 — | 858860 86.8 | 867| 86.8 | 859 857 968|977 967|963 958|977 | 966[96.2|977 890|896| 872]|935|96.1| 872 | 934| 98.9| 399 i006[105.3

80 102.0{101.3{100.4 | 990 |97 9 [1038[1033102.5[i0ta | — [99.0 1005| 99.6] 984 970 885/ 884| — | 884|884 88.5 | 884| 584 | 882 | 884 95.0]97.0 926|969|94.9| 925/ 924 964 |945(92.8 879] 88.1| 872| 879|319 84.9| 8a2|90.9| 928|006} 1131

70 102.9[1016[100.3| 985 | 96.0 |t05.6]1047{102.3{1011 [985 | 964 1011|997 975 95.4 842|843 — | 852|848 846 |846| 847| 843|842 920|948 943 916|877 851 939911873 83.7/ 83.7] 833| 845|845| 805 799|804 7| 93.6] 99.6] 119.2

60 1068 104.3101.9] 992|960 |1102{1030[1062}1040[991 | 98.0 1034|1008 97.4 | 945 8l 5 - 815 - 894|930 8as5| 925 887 851 | 835]92.2] 880 83.5 844|840 | 84.6] 81.5 79.7] 772| 744|671 | 862| 996 129.3

50 111.3 |1066|1035| 993 | 94.0] 1163|1137 1095|1062 |9688 | 979 1059101 7| 973| 927 —— 76.0 — —= ——— 76.0 - - - 85.7 | 90.7 80.5| 89.6| 850 | 796| 73.0| 886|844 | 791 752|752 74.1| 754] 76 8| 672 | 66.4| 73.0/ B0.1| 986 1456

40 118.8 1114 [1056] 98.2(90.7|1265/1222[114.2|1083] 982 | 90.7 10841020 957 887 706 _ " 706 i 815|864 755| 850| 793| 746| 699 838| 779 722 703| 70.2| 700| 71 9| 680| 658|620 686 772| 976/ 171.6

30 13351191 |1094| 964 |85.4 [143.8[1367| 122921 | — [ 92.0 1080| 966|874 | 79.3 636 — - - 63.6 — 756|815 785| 736 701|637 775| 740] 629 629 629| 626| 658| 580| 56.1| 52. 8| 639 | 73.6| 956 215.8

20 1433|1197 1037 850 |71 1 | 1632][1a77|1244]1061] — | 793 948 858| 767 711 — 6Ll _ 611 711753 649 685| 66.9]| 659| 51.6 | 701| 70.1 | 64.8 598 59.4|59.2f 68| 584] 548] s522[ 52.8] 73.9] 91.6] 2900

10 1370|1012 | 89.7| 773|676 | 1576[ 1376[1064| 915| -~ | 752 72.5 65.1 651 745 | 815 715 737 706| 46.7| 73.4] 74.6| 658 649| 64.6)628] 661| 622| 594| 57.0| 588 76.4| 876 390.3

5 1028|873 890]| 822|758 1255]1093] 934| 307| — |81 5 785|782 [78.2|77.8 687 ' 687 i 819 | 880 78.2| 802 81.5| 782|619 | 782| 78.5] 765 690| 68.4| 640 738] 731 | 680|670 711 | 8B59| 85.6 4236
4 971|860 884|829|77.7 | naslioiz] 912[ s0.8] —[836 84.6| 4306
3 91.3|85.7| 854|821 | 786 | 942| 97.0] 903] 90.9] — {853 8a.6f 437.6
2 9az2|72.1| 79.6|81. 4| 81 4| 76.7] 71.4] a25| 9a2| — [95.3 846| 4416
C- EUCUMBENE CONTROL STRUCTURE- SUBMERGED DISCHARGE
NOTES { With back pressure for minimum elevation of Adaminaby Reservoir)

TUMUT AND EUCUMBENE CONTROL STRUCTURES

TOOMA-TUMUT DIVERSION

PRESSURES ON GATE FRAMES, TRANSITIONS, AND TUNNELS

PRELIMINARY DESIGN
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A. Flow separates from sidewalls 'just downstream
from gate slots at 5% and smaller openings.
Operation shown is 5% open, Q =400 cfs.

B. Hydraulic jump in tunnel downstream from con-
trol gate with gate set at 35% open, Q=950 cfs.

TUMUT CONTROL STRUCTURE
TOOMA-TUMUT DIVERSION

Flow Separation From Gate Frame Walls, and Hydraulic Jump
. in Tunnel - Recommended Design

1:19 Scale Model

Figure 14
Report Hyd 429
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Figure 15
Report Hyd 429

A. Gate 100% open B. Gate 97% open C. Gate 90% open
Q=1910 cfs Q=1906 cfs Q=1900 cfs
D. Gate 50% open E. Gate 30% open F. Gate 10% open
) Q=1764 cfs Q=1512 cfs Q=788 cfs

TUMUT CONTROL STRUCTURE
TOOMA-TUMUT DIVERSION

Flow Conditions in Straight Conduit and Transition Downstream
From Control Gate .- Preliminary Design

1:19 Scale Model
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FIGURE 16
REPORT HYD. 423

PRESSURE,FEET OF WATER,PROTOTYPE

B. 6" DOWNSTREAM FROM SLOT C 11.8" DOWNSTREAM FROM SLOT
GATE OPENING 2%

+

+

D. 3"DOWNSTREAM FROM SLOT E. 6" DOWNSTREAM FROM SLOT
GATE OPENING 3%

PIEZOMETERS IN SIDEWALL 3"ABOVE FLOOR

+
]

+
©

)
©

]
w
&

-

[ N R CAFRDI] (NPT S ! T

i ] T O

F. 3" DOWNSTREAM FROM ..ui G. 6" DOWNSTREAM FROM SLOT H 11.8" DOWNSTREAM FROM SLOT

1
a
~

PRESSURE,FEET OF WATER, PROTOTYPE

GATE OPENING 2%

P T A

IRAAR RS

PRESSURE , FEET OF WATER,PROTOTYPE

I. 3" DOWNSTREAM FROM SLOT
GATE OPENING 3%

PIEZOMETERS AT INTERSECTION OF FLOOR AND SIDEWALL

Data from 1:19 Scale Model

TUMUT CONTROL STRUGTURE
TOOMA-TUMUT DIVERSION

PRESSURE GELL TRAGES OF GATE FRAME PRESSURES WITH
MAXIMUM HEAD AND 23 FOOT BAGCK PRESSURE




FIGURE 17
REPORT HYD. 429

WALL 12"ABOVE FLOOR WALL 3"ABOVE FLOOR FLOOR 3"FROM WALL FLOOR i2" FROM WALL 11'-3" DIA. TUNNEL
GATE  I'DISTANCE FROM GATE FRAME |DISTANGE FROM GATE FRAME |DISTANGCE FROM GATE FRAME |DISTANGE FROM GATE FRA ME |DISTANCE FROM TRANSITON :‘;’fif:
OPENING 12" | 24" | 36" | 48" [ 72" | 12" | 24" | 36" | 48" | 72" | 12" | 24"| 36" | 48"| 72" | 12" | 24" | 36" | 48" | 72" | 12" [ 24" | 36" | 48" i
30 % 93 |1.3 |27 |46 |29 |91 |97 | 95|76 |65 [11a |74 [65 |84]|32|76 |65 |a2 |57 381371677219 130.7
20 to.l (1.3 | 1.5 (40|27 |63 11001 |97|87 |76 |95|61 [57|95|1.5}a4(46 |23 |53 |32]|80{40|3.7]2.1 209.6
10 53{08 | — | — |— |63(120|97|76|93 |97|61 |40{80[02|38[53]|1.1 /44|27]|4a9|36]|3a4|025]| 2858
5 Ftow nat on surface 44 (74| 84| 55| 65|10l | 65 (34| 63| 17535517 |36|29] 3432|3421 356.6

A-PRESSURES IN TRANSITION AND IN GIRCULAR TUNNEL

20

. { 95°/.
opening

PIEZOMETRIC PRESSURE - FEET, PROTOTYPE

o a A
| e ¢ ]
. . o E—— “
a1 . =X 70 % Tunnel roof. ]
~~~~ Profiles ot smaller openings similar
Ve
b G gt l_oll i i
| 75ﬁdleggme_,ﬂ_g‘,---smrt of tunne! transition
oM ' : _ _
) y 4
‘ﬁ»
FLOW
Y —_— |
| Tunnel Invert.-y
l ‘ | | | - | | | l | L1
-8 -4 o 4 [ 12 6 20 24 28 32 36 40 4 . 48 s2 156

) DISTANCE ALONG TUNNEL CENTERLINE- FEET
B-PRESSURE ALONG € OF CONDUIT ROOF WITH SUBMERGENCE JUST SUFFICIENT TO PRODUCE ATMOSPHERIC PRESSURE AT GATE FRAME VENTS.

Note. Data from [:19 scale model

TUMUT CONTROL STRUCTURE
TOOMA-TUMUT DIVERSION
PRESSURES IN TRANSITION AND TUNNEL-RECOMMENDED DESIGN
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Figure 18
Report Hyd 429

A. 100% gate opening, Q= 1910 cfs B. 97% gate opening, Q=1906 cfs

C. 50% gate opening, Q=1764 cfs D. 10% gate opening, Q=788 cfs

TUMUT CONTROL STRUCTURE
TOOMA-TUMUT DIVERSION

Free Flow Conditions in Transition Downstream of Control Gate
Recommended Design

1:19 Scale Model
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FIGURE 19

T

Leaf, upstream guard Leaf,requlating gate.
gate Flow
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A. EUCUMBENE CONTROL STRUCTURE

“.See Detail X.
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B. TUMUT CONTROL STRUCTURE

Leaf,dawnstream guard
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REPORT HYD. 429
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SECTION A-A

TUMUT AND EUCUMBENE CONTROL STRUCTURES
TOOMA-TUMUT DIVERSION

TUNNEL DRAINS
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A. Gate 30% open, Q=1530 cfs

B. Gate 20% open, Q=1270 cfs

C. Gate 10% open, Q=770 cfs
EUCUMBENE CONTROL STRUCTURE
TOOMA-TUMUT DIVERSION

Dispersion of Jet From Gate in 13'-0" Dia. Tunnel
(air introduced to make flow visible)

1:19 Scale Model

Figure 20
Report Hyd 429
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FIGURE 21|
REPORT HYD 429

535

COEFFICIENT OF OISCHARGE- Cy4

BACK PRESSURE ABOVE TUNNEL INVERT-FEET

0.6

0.2

60

40

20

"Reference Station.

s-3"n !

N

~ .
N ¢

;

7z

ﬁ © N'-3"D~
y

] Friow, (3

n'- 3Le—>J

Cuz —9
4= A(8o2)VH

Where Q= Discharge-cf¥s

Reference Station,

ft. of water

A = Area, ii'- 3" Tunnel, ft2
H = Piezometric head at

e

20 40

€0 80

GATE OPENING- % OF EFFECTIVE TRAVEL
A-TUMUT CONTROL STRUCTURE- FREE DISCHARGE

GOEFFIGIENT OF OISCHARGE~ G4

Gate frame pressure pasitive
at backpressures abave Line A."\‘

[l
4

]

-

[ T
L.+~ Cantral Gate must nat be
Line A~ / /' oaperated ot 0to 5% openings in
| M i fhislbockpresslure range.__
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B-TUMUT GONTROL STRUCTURE-SUBMERGED DISCHARGE

Data abtained from i:19 scale madel representing preliminary
upstream conduit size and approximate downstream conduit
sizes was adjusted ta apply tofinal design conduit sizes.
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TUMUT AND EUCUMBENE CONTROL STRUCTURES
TOOMA -TUMUT DIVERSION

COEFFICIENT CURVES FOR TUMUT AND EUCUMBENE STRUCTURES,
AND CRITICAL TUMUT BACKPRESSURE RANGE

GPO 849415



Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng





	large pages_1
	Page 1
	Page 2
	Page 3
	Page 4

	^^^^^002
	large pages_1_20170707151004001
	Page 1
	Page 2

	^^^^^003
	large pages_1_20170707151110831
	Page 1

	^^^^^004
	large pages_1_20170707151132156
	Page 1

	^^^^^005
	large pages_1_20170707151149566
	Page 1

	^^^^^006
	large pages_1_20170707151240152
	Page 1




