








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 constantlwidth 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 a t  all  heads and gate openings for free discharge o r  submerged 
operating conditions. No adverse conditions were faund when a hydrau- 
lic jump formed in the circular tunnel, o r  in the transition, o r  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 a reas  
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 a i r  vent 18 inches o r  more in diameter is required to 
supply the a i r  demand of the gate and tunnel when a hydraulic jump 
occurs. Air is also required when the gate is Rear 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 o r  above the elevation deter- 
mined from Figure 17B, so  that air will continue to be supplied a s  
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 tes ts  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 atmospheric 
near the gate. These requirements make the design not readily appli- 
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cable to the Tumut control structure. I "  

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 a s  with theAsquare section of tunnel used in 
the preliminary design. The square iection and the transition to the 
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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- 
e rn  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 I 

either Tumut Pond o r  Eucumbene-Tumut Tunnel (Figures 3 and 4). 
Additional waters wi l l  enter the Tooma-Tumut Tunnel at inlets provided 
where s t reams cross  over it  (Figure 3). These waters may flow di- v 
rectly into Tumut Pond, o r  into Adaminaby Reservoir through the 
Eucumbene-Tumut Tunnel, o r  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 a s  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 a r e  provided 
in the main tunnels and in the connecting tunnel s o  that the .route and 
the ra te  of flow can be controlled. The calculated tunnel losses, back 
pressures, and heads acting in the system a r e  ,shown in Figure 5. 
Most of the model tests  were made using thL miaximum design head. 

Tumut Control Structure 

The Tumut control structure, as ini&ally proposed, consisted 
of an upstream guard gate, a 7-foot 6-inch by 9-foot 0-inch regulati.ng 
slide gate, an 18-foot-long, constant width conduit just downstream x 
from the gate, and a 50-foot-long transition to the Il-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, o r  as shooting flow for part of the length followed by a hydraulic 
jump, o r  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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Pond will be maintained at the highest elevations s o  that the kighest 
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, o r  with no submergence, during the initial filling of Tumut 
Pond, and during subsequent low o r  filling periods. I , 

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 a i r  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 r i sk  of 
producing local a reas  of low pressure and cavitation due to flow dis- 
turbances a t  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 a r e  
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 ~ o r k s l l  were best suited for the Tumut con- 
t ro l  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 tes ts  made during its 
development showed that it could also be operated against back pressure. 
A gate of identical design was planned for +be 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 
s o  the flow remained in  contact with and was guided by the surfaces for 
a considerable distance before entering 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 
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under heads-of 80 o r  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 a 
stream without causing structural damage. 

To ass is t  in determining, and improving where necessary, the B 
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 a r e  presented in this report. 

THE MODELS 

In the initial designs of the Tumut and Eucumbene control 
structures, the upstream tunnels, transitions, upstreain 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 
t rap 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 bydhese changes. The tunnel sections dowcstr:eam 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, sef 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 a t  the leaf bottom, and second, the rate of convergence of the 
model sidewalls and roof downstream from the slots was greater than Q 
the slope in  the prototype gates (Figures 19 and 7). These discreppncies 
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 

~r 
the prototype gates. 

I 

I 
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 i ts  flow passage was 
the same a s  the shape anticipated for the fully opened bulkhead-type 
gate with narrow gate slots (Figure 9C). The downstream slot corners 
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and there was no convergence on the short walls downstream from 
these 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,  th'e existing 
sections were used. The ll-foot 3-inch tunnel was  therefore repre- 
sented a s  being 12 feet 3 inches in diameter, and the 13-foot O-inch 
tunnel was represented a s  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 earl ier  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 a reas  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 

1 "  gate (Figure 11). In the Eucumbene connecting tunnel the a reas  in- 
cluded the downstream guard gate, the square to round transition, and 
the upstream end of the 13-foot-diameter tunnel (Figure 12). Piezom- 
etei.s 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 piezcmeters 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 ra tes  of flow were measured by calibrated ven- 
t u r i  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 performa& 

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 ionditions were good. 
But during operation at small submergences wi'tb, :. , gate openings between 





duit,- and in  the transition were all satisfactory, even though small, 
negative pressures were found on the floor and low on the sidewall's 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>zAhis jump and carried out of the tunnel. When 
the a i r  supply to the tunnel was shut off, the tunnel pressure dropped 
and the jump moved upstream to a new point of equilibrium. When the 
a i r  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 wasme'ar 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 a reas  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 a i r  entered the conduit, quiet flow existed in the tunnel. All pres- 
sures  were positive at all gate openings above 5 percent (Figure 1333). 
At openings of 2 and 3 percent, all pressures were positive except on 
the gate frame walls S inches above the floor 3 and 6 inches downstream 
of the slots. The pressures a t  these locations were negative, and fluctu- 
ated .greatly. Figure 13B sho1,vs 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 strllcture (Figure 16). 
The studies made to eliniinate them were not completely. succes,sful i n  
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 coneitions 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 5 bercent 
should cause no serious problem. 



A simpler and less costly structure would result i f  the con- 
stant width conduit between the gate and the transition were eliminated. 
To determine the flow conditions and pressures  with this conduit r e -  
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 a reas  i n  ,the sidewall and floor (Figure 11B). The pressure  
on the downstream gate frame during f ree  discharge and submerged 
operation remained about the same as  shown in  Figure 13, and all the a 
~ b s e r v e d  pressures in the transition and in the circular tunnel were 
y s i t i v e  (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 
silsfaces of the transition will produce a r e a s  of low pressure and cavi- 
tation if these surfaces present any appreciable roughnesses o r  i r reg-  
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-pro,of steel  lining is recommended 
for the floor and lower sidewalls throughout the length of the transition. 
The sections of plates making up this l i ~ i n g  must be well alined and 
well anchored, and incapable of drumming or vibrating. Any slight ir- 
regularities o r  rnisalinements 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 
%hen inspections a r e  to be made. Due to th$ 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 b e c ~ u s e  the 
access tunnel and waste facilities a re  near the gates. However, the P 
discontir~uity that would be produced in the floor by an ordinary drain 
could caugr. ',rouble due to cavitation because of the high velocity flows. 
The re~ore ,  a number of modifications to the drain entrances were con- 

8 sidcred that rnight 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 tes ts  were authorized for 
determining the performance of this type drain, and none were made, 
but the drain is believed to be satisfactory. 
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for an a i r  vent extending from the ground surface either vertically o r  
diagonally downward 320 o r  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 a i r  occurs when a hydraulic juznp forms in the tunnel. The peak 
demand was computed tc be 600 cfs. This demand is based upon an 
experimentally determined rela ionship of air -to - water ratio and Froude 

47 number at the vena contracta. - 
r 

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 

Y 

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 a s  a more reasonable rate of a i r  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 
dkfference 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 veat 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 fraxne (Figure 6).  Smaller vents were provided 
close to the leaf by -the manifold built into the roof of the gate frame 
(Figure 7). A i r  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 r i se  in the main 
vent while the gate body vents a r e  st i l l  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 balck pressure  has  built up to 
make air unnecessary at the leaf. To establish the elevation for this 
junction, tes ts  were made to  determine the pressure profiles along the 
roof trf the conduit downstream from the gite (Figure 17B). These tests  

w were run with maximum head represented on the gate, and with the back 
pressure reguiated 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. I 

Coefficient curves. The curve showing the relationship pf 
coefficient of discharge and gate .opening during f ree  discharge conditions 

- 41 ' Hydraulic Design Criteria, I' Sheets 050- 1, U. S. Corps of 
Engirieers. 



is shown in Figure 21A. This curve is baaed upon the gate opening in 
percent of effective travel, the a rea  of the 11-foot 3-inch-diameter con- 
d d t  and the piezometric pressure  at the Reference Station, one diam- 
e te r  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-velo.city 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 Uae 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 tes t s  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 the required back pressures were much above the 
10 feet to  be provided by raising the outlet portal, and consequen%ly 
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, bA& 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 with the jet 
and gradually directed it into the circular tunnel. 

Eucumbene Control Structure - - 
Preliminary Design--Square Conduit Downstremi of Gate 

In the preliminary design, the conduit c ross  section downstream 
of the control and guard gates was a square 12 feet wide and 12 feet 
high (Figure 8). This 3-112-foot-long square section was followed by 
a 19- 11 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 etable dispersion of the jet .and less  tendency 
for  the jet to strike the walls. 

Tests w9re 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 



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 a s  effective a s  the square 
one and was simpler and less  expensive to build, the rrquare conduit 
should be omitted and the circular conduit extended to the gates. 

Recommended Design--1 3-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 al l  applicable operating conditions (Figure 13C). The 
tes ts  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 o r  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- 
am guard gate and the control gate, and between the control gate 

e downstream guard gate, to empty these regions to permit in- 
tion and maintenance work (Figure 8). For  simplicity, the slot 
drain, similar to the one recommended for the Tumut gate structure 

hould be used downstream of the f i rs t  guard gate in the Eucumbene 
structure (Figure 19). The drain between the control gate and the down- 
s t ream 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 t r ap  and 
drain were provided upstream from 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 

































Figure 15 
Report Hyd 429 

C . Gate 9070 open. 
Q = 1900 c f s  

A .  Gate 100% open B .  Gate 97% open 
Q = 1910 c t s  Q = 1906 c f s  

D . Gate 5070 open E . Gate 30% open 
Q = 1764 c f s  Q = 1512 c f s  

TUMUT CONTROL STRUCTURE 
TOOMA-TUMUT DIVERSION 

Flow Conditions i n  Straight Conduit znd Transitio~ 
From Control Gate Preliminary Desi 

F. Gate 10'70 open 
Q = 7 8 8  c f s  

I Downstream 
.gn 

1: 19 Scale Model 







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

C. 5070 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 








