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Hydraulic Laboratory Branch Checked by: W. E. Wagner
Denver, Colorado Reviewed by: J. W. Ball
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Subject: Hydraulic model studies of the Island Bend control gate--
Eucumbene-Snowy Project--Snowy Mountains Hydro-Electric
Authority--Australia

PURPOSE

The purpose of the studies was to develop a trouble-free control gate
capable of regulating flows ranging from 50 to 7,000 cfs at head differ-
entials up to 400 feet. The gate is used in a tunnel system vhere
submerged flow conditions prevail.

CONCLUSIONS

1. A gate to satisfy the severe operating requirements, particularly
the very low rates of flow under the very highest head differentials,
can be obtained with a 9-foot-wide by l6-foot-high structure with weir-
like restriction plates placed normal to the flow and flush with the
downstream face of the leaf to reduce the effective gate width at small

openings (Figures 13 and 20).

2. Severe cavitation damage can occur to a structure operating under
such high heads. To overcome this danger, an enlarged tummel section
was provided downstream from the gate to form a pool for the high velog-
ity Jjet to enter. By making the downstream frame short, providing
reentrant flow into critical areas, and moving the downstream boundaries
outward away from the cavity collapse zones (Figures U4 and 20),
cavitation damage to the structure is negated.

3. Corner fillers to reduce the passage width near the gate bottom
(Figure 9) were unsatisfactory due to the occurrence of severely nege-
tive (subatmospheric) pressures on the surfaces. Cavitation on these
suwrfaces would have been inevitable.

4. WVeir-like restriction plates placed normal to the flow apd flush
with the downstream face of the leaf (Figure 10) provided good pressure
and flow conditions. The flow, after leaving these plates, formed its
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own boundaries within the fluid. The space behind the plates allowed
reentrant flow between the jet and the walls and relieved negative pres-
sures. Plates with convex flow edges (Figure 10C) provided best results.

5. The floor of the downstream gate body must be sloped downward to
obtain a more rapid degree of conduit expansion. A vertical l2-inch
downward step at the downstream face of the restriction plates, followed
by a 45° downslope to elevation 3503.25 (Figures 11 and 20), gave good
results.

6. Ideally, the enlarged tunnel section should be placed as close as
possible to the gate leaf to prevent cavitation damage and to obtain

the best recirculation around the discharging jet. However, structural
considerations required that the downstream conduit width be the same

as the upstream width for a sufficient distance to resist the gate leaf
thrust. A good hydraulic and structural balance was obtained with
T=foot-long parallel walls 9 feet apart, followed by ll-l/2-1nch outward
offgets and 18° outward flares (Figure 13).

T. Outwardly offset downstream slot corners, followed by curved walls
to return the passage width to normal, did not improve the slot and
wall pressures in this gate. A square-cornered rectangular slot
(Figure 12) performed as well as the offset ones and offered design and
construction economies. The back pressure acting on this structure was
the main factor permitting the selection of the square-cornered slot
design.

8. The usual open-beam shepe of gate leaf bottom for this downstream
seal, roller-mounted gate leaf was unsatisfactory due to poor local
pressure conditions. Much better performence was obtained with an
elliptically shaped bottom (Figure 13).

9. The position and shape of the gate leaf seal that seats against the
upstream face of the restriction plates greatly affected the pressures
near the leaf bottom. Satisfactory pressures are expected with the
seal placed as low as possible on the downstream face of the leaf and
projecting only 9/32 inch beyond the seal bar (Figure 10F).

10. The pressure and flow conditions for the gate should be entirely
satisfactory for all operation with the Island Bend and Geehi Pond

vater surface elevations within their normal ranges. Even at the

extreme but unlikely condition of Island Bend Pond completely full and
Geehi Pond completely empty, but with a 30-foot back pressure, the opera-
tion will be acceptable. There will be a slight tendency for light,
sporadic, local cavitation near the flow surfaces.
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11. When Geehi Pond is empty and low flows are passed to it through
the Island Bend gate, it will be necessary to check Geehi gete 1o
maintain a back pressure of at least 30 feet on the Island Bend gate,
measured from the upstream center line.

12. The Island Bend gate may be operated at eny gate opening greater
than 6 inches under any applicable head conditions for amy length of
time. The gate opening limitation will pose no haundicap on the gate

or on the operation of the overall tunnel and reservoir system because
the minimum specified discharge of 50 cfs at the greatest possible head
differential is expected to be obtained with an opening slightly greater
than 6 inches.

13. Stainless steel plates are needed in the Island Bend gate on the
parallel T-foot-long walls downstream from the slots to provide amnd
maintain smooth, well alined, corrosion- and erosion-resistent surfaces.
Such surfaces are mandatory on these parts of & structure thet operates
submerged at practically any opening, under very high differentisl heads,
for very long periods of time, and vhere minimum maintenence is important
dvue to the difficulties, loss of time, and heavy expenditures necessery
in gaining access to the gate. '

14. A measurement of downstream head is needed in addition to knowledge
of gate opening and upstream head to set given discharges through the
Island Bend gate. This measurement can be mede with & float well in the
gate shaft, the well being connected to an opening in the gide of the
28-foot-diameter enlarged tunnel 100 feet downstream from the gate.

15. The downpull forces acting on the gate due to pressure decreases
on the bottom surface when flow passes beneath the leaf will reach &
meximm of about 442,000 pounds (Figure 19A). This load will occur at
a gate opening of about 60 percent and is for the severe condition of
Island Bend Pond full and Geehi Pond empty. Less downpull occurs as
Geehi Pond fills. : ’

16. Identical gate leaves and structures can be used at Island Bend and
Geehi control stations. This provides certain design economies and
flexibilities and will insure having a gate at Geehi that will satis-
factorily handle the very severe operating conditions that can be imposed
on it.

17. Tests made without restriction plates in the gate body, thus repre-
senting the Eucumbene gate, and with Lake Eucumbene considered at mini-
mum operating level and Island Bend Pond full, showed an spproximete
maximm downpull of 429,000 pounds (Figure 19B).
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18. Tests made without restriction plates and with the tunnel empty
downstream from the Eucumbene gate, as could prevail during initial
£illing of the Eucumbene Tunnel if attempted from Island Bend, showed

a maximm downpull force of approximately 1,070,000 pounds (Figure 19C).

INTRODUCTION

The Snowy Mountains Hydro-Electric Scheme in southeastern Australias is
& comprehensive engineering and construction program for collecting
vaters from the seaward and landwerd sides of the Great Dividing Range
and using them for irrigation and power generation (Figures 1 and 2).
The scheme is under the direction of the Snowy Mountains Hydro-Electric
Authority. The Eucumbene-Snowy-Geehi Diversion System is a part of this
scheme and will transfer Snowy River water into M-6 (later changed to
Murray 1) and subsequent power stations, or into the main storage in
Lake Eucumbene, or from Lake BEucumbene directly into the Murray-series
power stations (Figure 2). The Island Bend control structure is a part
of the Eucumbene-Snowy-Geehi Diversion plan (Figure 3). Its function
is to regulate the flows released from Island Bend Reservoir into the
tunnel system, while maintaining the Island Bend inlet shaft and tunnel
full of water so that air is not entrained and carried into the system.

The question of whether or not to allow air to enter the tunnel system
wvas carefully considered. Attention was particularly given to problems
that would arise if air were present. It was believed that pockets or
accumulations of air would build up along the crown of the gradually
sloped tunnels, particularly in the unlined sections, and would move
intermittently along with the flow. Upon reaching the tunnel outlets,
which are normally deeply submerged at the reservoirs, the air pockets
would quickly vent themselves, and water would rush into the vacated
space. Heavy shock loads and water hammer would then occur as the
waters moving into the vacated areas collided. These shocks would be
damaging to the structures and undesirable from an operational stand-
point. 1In addition, violent and undesirable boiling and wave action
would occur in the ponds.

Vents placed at strategic locations could alleviate these difficulties
by providing controlled release of the air. The problem would then
resolve itself into obtaining satisfactory separation of the air from
the water and providing suitably located collectors and vents to exhaust
it. Preliminary studies of methods to achieve this controlled removal
of air from the tunnels showed that several unknowns were involved.
Foremost of these was the rate of rise of various-sized bubbles in the
turbulent flow in the tunnels. Because of the unknowns, it was not
possible, on the basis of available data, to say what type, size, and
Placement of air separation chambers and vents would be needed to
release the entrained air from the water and vent it to the
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atmosphere. It was finally decided best to avoid these problems by
adopting & design which prevented the entrance of air by making the
inlet flow full at all times. The entrance (Figures 4 and 5) was
therefore made somewhat similar to the inlet for the junction shaft in
the Bucumbene-Tumut Tunnel.l/ The regulation in the Island Bend struc-
ture will be accomplished by a gate in the horizontal section of tunnel
between the Island Bend intake and the connection with the Eucumbene-
Snowy and Snowy-Geehi Tunnels. This gate will at all times be operated
to keep the intake structure flowing full so that no air is entrained
and carried into the system.

The operating conditions imposed on the control structure are severe.
The maximum flow will be about 6,400 c¢fs. The minimm is about 50 cfs.
Prior to the initial filling, and possibly on rare occasions thereafter,
Geehi Pond may be completely empty. During the early stages of filling
Geehi Pond, free flow discharge conditions can prevail at Island Bend
gate because the gate invert is above the minimum water surface level
of Geehi Pond (Figure lI). No operational problems are anticipated with
the free discharge operation if the gate is operated to fill the pond.

As the water level rises in Geehi Pond, the tunnel will fill and sub-
merged discharge conditions will prevail at Island Bend gate. This
type of operation greatly alters the flow and pressure conditions at
the gate and produces the most severe operating conditions. A head
differential of 390 feet can occur across the gate when the 28-foot-
diameter conduit is just full. Frictional losses in the tunnels will
add back pressure as the rate of flow increases. Computed frictional
losses for the largest and smallest probable roughness values and the
back pressures on the center line of the Island Bend gate with minimum
pond at Geehi are shown in Figure 6B. As the pond continues to £ill
to reach normal operating levels, and/or as the discharge increases s
the back pressure increases while the head differential decreases.
Progressively less severe operating conditions result. A similar but
less severe situation exists with flows to the Eucumbene-Snowy Tunnel
(Figure 6A).

A number of different gate designs were considered for the Island Bend
control structure. One included placing 3 moderately sized gates side
by side with only 1 operating when releases were small. Another plan
included a large single gate with a small gate built into the main leaf.
These and other designs were eventually eliminated from consideration
and a single 9-foot-wide by 16-foot-high gate was selected. Extremely
small gate openings during releases of very small flows were rendered
unnecessary by decreasing the width of the lower pa.q of the gate

1/ Numbers refer to References at end of report.
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body. This reduction in passage width was carried to the point where
openings of 6 or more inches could be set for releasing the minimum
anticipated discharge of 50 cfs.

In systems where high velocity flows enter a pool or filled conduit
under moderate or low back pressures, cavitation can occur.2/3/

This cavitation takes place within the low pressure cores of rapidly
vhirling vortices created by shearing between the high velocity Jet
and the surrounding water. As long as the vortex action is severe and
the presswre regime is moderate or low, the inception, formation, and
decay of vapor cavities continue. If these multitudes of vapor pockets
collapse on or near the boundary walls, damage of serious proportions
can occur. It is therefore imperative, for long structural life, that
the boundary surfaces of such a structure be placed well away from
areas where this inevitable cavitation collapse will take place.

Design data, unpublished at the time of this writing, were available in
the Bureau of Reclamation laboratories to help in determining the conduit
arrangement for the Island Bend gate. Studies using a 400-foot head
differential across a partly opened, 3-inch, 300-pound gate valve showed
that no damage would occur on the downstream conduit provided its
dliameter were 1.75 or more times the nominal gate body diameter and the
back pressure in the conduit were 20 or more feet. A review of the
Island Bend installation showed that it would almost alweys operate sube-
merged and that its back pressure could become as low as 20 to 30 feet.
Further decreases in back pressure with the possibility of undesirable
shifting between submerged and free discharge flow conditions would be
prevented by throttling the Geehi control gate located a short distance
downstream. The severest Island Bend operating condition was therefore
submerged flow regulation with a %410-foot upstream head and about a
30-foot downstreem head. On the basis of the laboratory data, the
downstream conduit diameter, D, was made 1.75 times the 1l6-foot diameter
~of the upstream conduit, or 28 feet. The length, based on the same data,
was made 5D, or 14O feet, to provide ample room for flow redistribution
before the water reentered the l6-foot-diameter tunnel farther down-
stream (Figure 4). Later tests showed this design to be satisfactory.

Several hydraulic problems were apparent in the design of this unusual
control structure. Cavitation and cavitetion-erosion were an ever-
present threat and could be encountered not only in the mixing zone of
the jJet but on the walls, gate slots, leaf, or other parts of the struc-
ture. Positive means for controlling the cavitation had to be found if
satisfactory service life and dependability were to be achieved. In
this respect, there was uncertainty about the shape of the restrictions
to be used within the gate body to narrow it near the invert. Also, the
shape of the gate leaf bottom and the style and placement of the seals
vere uncertain. Furthermore, the shape of the abrupt expansion
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downstream from the point of control in the structure had to be deter-
mined and balanced against a sound structural design capable of with-
standing the terrific thrust loads on the leaf. To determine what
these shapes and designs should be for the overall control structure,
hydraulic model studies were made. Descriptions of the test facilities
used in the studies, and discussions of the results obtained, are
presented in this report.

THE MODELS

All preliminary studies were made with air because air model tests are
convenient, fast, inexpensive, and reliable. The air facilities used
for the tests consisted of a centrifugal blower which drew air in
through a 12-inch-diameter inlet pipe and forced it out through a
10-inch pipe to the gate section (Figure TA). After the flow passed
through the gate section, it entered an enlarged conduit similar to

the enlarged downstream tunnel proposed for the prototype structure.

The air then discharged freely back into the atmosphere. The rate of
air flow was measured by appropriately sized flat plate orifices located
on the entrance to the l1l2-inch blower inlet. The flow velocities within
the gate were maintained below 300 feet per second so that the compres-
sibility of the air would be negligible. The pressure measurements were
obtained with piezometers and water-filled manometers read to the nearest
0.0l of an inch. In cases where pressure fluctuations were small or
moderate, the average pressures were recorded. In other cases, where
fluctuations were severe, the most negative pressures were recorded in
addition to the average ones. .

The gate section for the '1:19.2 scale air model was constructed of wood,
light gage sheet metal, and transparent sheet plastic (Figure TB). The
design shown consisted of the 5.6~inch-wide by 10.0-inch-high gate
section, the 2.77-inch-thick gate leaf, and the 5.6-inch-~-wide by
14.25-inch-high downstream frame 8.13 inches long. The enlarged down-
stream conduit was represented by & 20.5-inch-diameter sheet metal pipe.
Piezometers were provided on the flow surfaces believed to be critical.

The final model tests, including calibrations and downpull measurements,
were made with a 1:24 scale hydraulic model (Figures 8A and 13). The
water facilities for making the tests consisted of the permanent labora-
tory water supply system, the upstream pipeline or tunnel section, the
gate itself, the downstream pipeline or tumnel section, the back pressure
regulating valve, and the waste line to the laboratory reservoir. Water
wvas suplied to the model by a 12-inch centrifugal pump, and the rate of
flow was measured by calibrated Venturi meters within the permsnent lab-
oratory supply system. Water spproached the gate through an 8-inch~
diameter pipe 12.5 feet long. A transition similar to the one proposed
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for the field structure carried the flow into the k.5-inch-wide by
8.0-inch-high gate. A lh-inch-diameter pipe represented the 28-foot-
dismeter enlarged conduit downstream, and & 12-inch gate velve regulated
the back pressure. The water returned to the laboratory storage
reservoir for recirculation.

The gate section of the hydraulic model was comstructed of brass plate
and 1/2-inch-thick transparent plastic (Figures 8B and 13). It con=
sisted of the 4.5~ by 8.0-inch upstream frame, the 2.22-inch-thick gate
leaf, and the downstream gate body with a downwardly flared floor.
Piezometers were provided at areas found to be critical in the air model
studies so that final pressure measurements could be made. Care was
teken to make the hydraulic model strong and capable of withstanding
relatively high heads. This was necessary because reasonsbly high
velocities were required to obtain Reynolds number values high enough
for good model-prototype similitude.4/

Pressure measurements were read on water-filled, single leg msnometers,
mercury-filled single and double legged menometers, and in some cases,
from pressure cell recording charts. The charts were obtained at those
piezometer stations where the pressures were particularly low a.nd/or
where the pressures fluctuated greatly.

INVESTIGATION

Studies for Narrowing Lower Part of Gate Body--Air Model

Triangular Corner Fillers

The first attempts to narrow the lower portion of the 9-foot 5-1/2-inch-
wide preliminary gate body were made by inserting corner fillers in the
passage (Figure 9). These fillers were triangular in cross section and
extended the full 12 feet from the gate slots to the abrupt expansion
into the 28-foot-diameter tunnel. The upstream ends of the fillers
vwere sheped to produce elliptical surfaces. The flow passage formed at
small gate openings by the gate leaf bottom, the sloping walls of the
specially shaped fillers, and the floor was trapezoidal in cross section
and of small area.

The major and minor axes of the first elliptical section were 3.0 and
0.96 feet (prototype), respectively, forming & 1:3.13 ellipse (No. 1,
Figure 9B). The ellipses lay in a plane parallel to the gate floor and
the fillers were 3 feet apart at the floor. The spring lines, or lines
vwhere the elliptical curvature started et the vertical upstream faces
of the fillers, were 4 feet 11 inches apart at the floor. The design
therefore produced a downstream gate body 4 feet 11 inches wide at the
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floor, gradually widening to the full 9-foot 5-1/2-inch passage width
at a height of 5.45 feet. The full height of the fillers at and beyond
the end of the elliptical section was 6 feet 5-1/2 inches.

Severely negative pressures occurred on both the curved and straight
surfaces of the fillers. The pressures were particularly low at the
piezometer located 10 inches downstream from the start of the fillers
and 10 inches above the floor at a 13 percent gate opening.

Apparently the 13 percent gate position placed severe flow contractions
directly over the piezometer station.

A second shape was investigated using an ellipse with prototype major
and minor axes of 5.0 and 1.0 feet, respectively (1:5 ellipse) (No. 2,
Figure 9B). These fillers were larger than the first ones, and the
width between the parallel portions was reduced to 1.5 feet at the
floor. The spring lines were 3 feet 6 inches apart at the floor and
met the side walls 5 feet 11-1/2 inches above the floor. The overall
height was 7 feet 11-5/8 inches.

Low pressures were again encountered on the curved surfaces near the
gate leaf, and to a lesser extent on the straight sides of the fillers.
Pressures measured on the floor near the intersection with the fillers
showed moderately negative pressures. The gate position had consider-
able effect upon the pressures neer the spring lines of the ellipses,
and the lowest pressures on any particular piezometers occurred when
the leaf bottom was about level with the piezometer openings.

In the above two designs, the ellipses were laid out in planes paraliel
to the floor. Actually, the flow tends to travel normal to the spring
line. It was thus more appropriate to lay out the ellipses in a plane
normal to the spring line and hence normal to the slope of the filler
surfaces. A third bellmouth was made up in this manner with major and
minor axes of 6.25 and 1.25 feet prototype (1:5 ellipse) (No. 3, :
Figure 9B). The spring lines were 3 feet 3-1/4 inches apart at the
floor and met the side walls at a height of 6 feet 2-1/k inches. The
total filler height was 8 feet 11-1/2 inches. B

The pressure conditions were better with this design, but serious
negative pressures still occurred near the leaf. This suggested that
even more gentle curvature was needed, with larger major and minor axes
for the ellipses. However, attempting to maintain the spring lines
close enough together to properly narrow the passage, and yet attempt-
ing to use fillers with larger ellipses, was inconsistent and impracti-
cable. No further increase in minor axis was therefore reasonable, and
no further tests were made with the triangular fillers.
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Rectangular Corner Fillers

It was believed that part of the reason for severe negative pressures
on the upstream parts of the fillers was that an acute angle was formed
by the horizontal bottom of the gate leaf and the sloping walls of the
triangular fillers. To increase this angle as much as practicable,
fillers with vertical sides were tried in the model (Figure 9C).
Elliptical surfaces with 6.25- and 1.25-foot (prototype) axes were
formed on the sides and tops of the fillers. The vertical spring lines
were b feet L4-3/L4 inches apart, and the horizontal spring lines at the
© filler tops were 5 feet l-3/h inches above the floor. The full filler
height was 6 feet 4-3/L inches. The distance between the parallel
portions was 1 foot T7-1/2 inches.

Somewhat better pressure conditions occurred with the rectangular fillers
when the gate leaf was below the top spring lines. However, when the
leaf was raised to just allow flow over the top of the fillers, negative
pressures occurred on the top and on the corner surfaces that connected
the vertical and horizontal ellipses. Also, small incresses in gate
opening in this range produced large changes in the quantity of water
released. This was undesirable because it made the setting of small
discharge changes difficult. At large gate openings, the pressures on
the fillers were satisfactory.

Triangulsr Restriction Plates

The difficulties encountered in using solid corner fillers to reduce

the passage width led to an entirely different concept. It was reasoned
that if the water were allowed to form its own flow boundaries after
leaving the control section at the leaf, and no structural surfaces were
near these flow boundaries, there would be less difficulty with negative
pressures. Heavy flat triangular weir-like plates were therefore
fastened vertically in the gate body normal to the passage and flush
with the downstream face of the gate leaf (Figure 10). These restric-
tion plates represented the front surfaces of the previous fillers and
narrowed the passage in the seame manner. After the flow left the edges
or spring lines of the plates (Figure 1OE), it was free to take its
natural flow path. The space behind the plates allowed reentrant flow
between the jet and the gate body to relieve negative pressures. It,

in effect, provided an abrupt expansion downstream from the leaf.

The first tests were made with triangular plates 4 feet 5-3/4 inches

wide and 8 feet 11-1/2 inches high, prototype (Figure 10B). This left

a passage width at the floor of 6 inches. Better pressure conditions
were encountered on the floor and walls downstream from the plates than
on the boundary surfaces with any previous designs. Tests were continued
with variations in width and height of the plates to obtain a design that
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combined acceptable pressure conditions, ample flow recirculation behind
the restrictions, sufficient reduction in passage width for controlling
small flows, and access room for maintenance men and equipment. At the
same time, the overall width of the downstream gate body was reduced to
an even 9 feet. Best results were obtained with trianguler plates
having a bottom width of 4 feet and a height of 6 feet.

Curved Edggd Restriction Plates

Continued studies with restriction plates showed that better performance
could be obtained if the flow edges or spring lines were convex instead
of straight (Figure 10C). The convex shape restricted the flow passage
a little more and provided more room for reentry of water between the
jet and walls. The results were that the pressures on the floor and
walls were better, and the flow was more stable. Best performance was
produced by sharply curved plates, but the difficulty of supporting
such plates in the prototype structure made their use unwise. An
excellent compromise was achieved with moderately curved plates, and
this design is recommended for prototype use (Figure 10C).

Leaf Bottom Shape and Bottom Downstream Seal--Air Model

An important factor learned from the studies with corner fillers and
restriction plates was that the shape of the gate leaf bottom and the
placement of the downstream seal had a marked effect upon local pressure
conditions. The downstream bottom seal, which is necessary for sealing
along the face of the plates, was first placed well above the gate leaf
bottom (Figure 10D). This produced a restricted space between the rear
of the gate leaf and the face of the plates, and local high velocity
flows occurred. These flows caused extremely low pressures and were
undesirable. The difficulty was largely overcome by moving the seal
close to the bottom of the gate and by keeping the extension of the
seal beyond the clamping bars to a minimum (Figures 1OF and 20). Thus,
no appreciable passage remained and no large flows were present between
the leaf and the plates.

The bottom geometry of the initial leaf was of the type frequently used
with fixed-wheel or roller train gates (Figure 10D). It was formed
by the undersurface of the large I-beam used horizontally at the bottom
of the leaf, the plate extensions at the downstream face, and vertical
stiffener plates from the beam to the extension. The bottom seal,
which rests on the floor at gate closure, was carried on the extension
plates. As initially proposed, the seal extended downward beyond the
plates about 3/8 of an inch, and there was a sharp corner at the bottom
upstream edge of the plate. Tests showed extreme negative pressures on
this leaf bottom. Minor revisions like beveling and rounding the
upstream bottom corner and reducing the extemnsion of the seal beyond
the plates improved the pressure conditions only moderately.
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A major change in bottom geometry greatly improved the pressures and
flow conditions. This change consisted of extending an elliptically
shaped steel plate from the front face to the bottom dowmstream edge
of the leaf (Figures 10A, 1OF, and 20). The elliptical shape is
recommended for the prototype leaf (Figure 20) and was used for all
subsequent model tests.

Flared Floor and Walls-<Air Model

Floor Downstream from Gate Leaf

The basic principle used in the design of the gate was that of provid-
ing an enlarged section for the high velocity flow to enter. For this
principle to be workable, the enlarged section must be large enough to
give good flow circulation around the jet. Ideally, this enlargement
would be achieved just downstream from the gate control section. How-
ever, for structural reasons, it was necessary to continue the gate
body, or conduit, for an sppreciable distance downstream from the slots
so that the slots would be capable of withstanding the thrust loads of
the leaf. This extended conduit restricted the flow recirculation and
caused a general lowering of the pressures and some instability in the
Jet.

Increased expansion, or enlargement of the passage, was obtained by
changing the alinement of the downstream floor (Figure 11). To accom-
plish this in the model, the downstream frame was modified by dropping
the horizontal floor to the level where the bottom corners just inter-
sected the walls of the 28-foot-diameter tunnel. This represented the
greatest permissible drop in floor elevation of 6.8 feet, prototype.
Tests were then made with horizontal fillers inserted to represent
level floors 1.7 and 3.4 feet below the upstream floor. The pressures
and flows became progressively better as the floor was lowered, and the
best conditions were obtained with the lowest possible floor level of
6.8 feet below the upstream frame (Figure 11A). An apprecisble amount
of turbulence and pressure fluctuation remained in the system.

Other floor fillers were tested. One provided a 45° slope from the
upstream floor level to the fully lowered level floor downstream
(Figure 11B). Good flow and pressure conditions resulted. The second
filler provided a more gradual slope that started from the upstream
floor level and reached the fully lowered floor at the downstream end
of the l1l3-foot-long body section. This design was less satisfactory-
than the 45° slope.

Further tests were made to determine the pressure conditions on the
45° slope just downstream from its intersection with the upstream floor.
Severe negative pressures occurred at and near this change of alinement
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unless an appreciable vertical step, or offset, was provided (Figure 11B).
A step of 3/4-inch prototype was first tested but was found entirely
inadequate. The step, or offset, was eventually increased to 12 inches
prototype, and this amount of offset represented a satisfactory compro-
mise between structural and hydraulic considerations in the system., The
45° slope, together with the 12-inch vertical offset, is recommended for
prototype use.

Walls Downstream from Gate Leaf

The 9-foot-wide by 13-foot-long walls downstream from the leaf still
formed too long and narrow a passage to allow adequate flow recircula-
tion around the main jet. Detailed stress studies showed that it would
be possible to flare the downstream 6-foot sections of the 13-foot-long
walls while still retaining adequate strength to withstand the extreme
thrust loads of the leaf. Tests were made with these walls flared 30°
200, 10°, 0°, and -10° relative to the passage center line (Figure 1105
and using the 45° sloping floor with a 12-inch vertical step at the
restriction plates. The best pressure and stability conditions occurred
with the maximum flare, and progressively poorer results occurred as
the walls were moved inward. The worst conditions occurred with the
walls converging at the -10° flare., At the maximum flare of 30°, the
pressures measured on the 7-foot-long parallel sections of wall, and
at critical locations on the flaring walls, were satisfactory for all
expected flow conditions,

Shape at Downstream Slot Corners--Air Model

Preliminary tests using an early gate leaf design showed negative pres-
sures on the walls just downstream from the square slot corners

(Figure 12). Attempts were made to reduce these negative pressures by
providing outwardly offset slot corners, followed by long radius curves
that returned the passage width to that of the upstream frame (Figure 12B).
Outward offsets at the slot corners of 1.5 and 3.0 inches, prototype,

were tested, The curves from the slot corners to the parallel walls
downstream were made with a 30-foot radius. This curved portion of wall
extended vertically from the ceiling to the top of the restriction plates.
The full square slot shape was used from the top of the plates down to

the floor. A ledge was present at the top of each restriction plate
(Figure 124).

Tests made using the final gate leaf design showed that the pressure
conditions with the two offset slot designs were about the same as with
the original square-shaped slot (Figure 12C). When the gate bottom was
at or slightly below the ledge, negative pressures occurred above the
ledge and on the slot corner just beneath the leaf bottom. These pres-
sures, which were calculated for the very minimum back pressure

13
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conditions on the gate, were more negative than desired. They should
nevertheless not be detrimental for limited operation at minimum back
pressures, and should be entirely satisfactory for all operation at the
greater back pressures that occur under normal operating conditions.
There appeared to be no advantage in using the offset slot corners in
place of the in line square ones, and the square ones are recommended
for prototype use.

It is to be emphasized that a most important factor in these slot pres-
sures being satisfactory is that back pressure occurs on the gate.
Pressure reductions in local areas are held above critical values by

this back pressure, thus maintaining reasonable pressure values., Tunmnel
friction provides a great deal of back pressure at large flows, and addi-
tional back pressure at all flows will normally be present due to ponding
at Geehi, If it were not for the back pressures expected to occur, these
slot designs could not be used for high velocity releases under submerged
conditions.

Recommended Design--Hydraulic Model
Final Mode

An hydraulic model incorporating the best features obtained through the
previous air model studies was constructed on a 1:24 scale (Figure 13).
The moderately curved restriction plates were used. The conduit floor
stepped vertically downward the equivalent of 12 inches at the down-
stream face of the plates and then continued downward on a 45° slope

to the short horizontal section at elevation 3503.25. The walls of the
gate were 9 feet apart and parallel for 7 feet beyond the gate slots.
The walls then stepped outward 11-1/2 inches on each side and continued
with outward flares until intersecting the 28-foot-diameter tunnel.
Flare angles of 30° and 18° relative to the conduit center line were
investigated. The roof of the gate continued horizontally 7 feet from
the slots and then sloped upward. The gate slots were rectangular with
the upstream and downstream corners in line. The gate leaf incorporated
the elliptical bottom, the enclosure boxes for the roller trains, and a
downstream seal.,

Piezometers were included in the model in areas likely to be critical

80 the pressure conditions could be observed. These pressures were read
with single leg water manometers and a mercury gage. In cases where the
pressures were negative or fluctuating widely, the measurements were
also made with a pressure cell and electronic recording equipment.

14
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Gate Performance

The first tests were made with 30° side wall flares. All pressure con-
ditions were satisfactory at appropriate settings of upstream and
downstream heads. ‘

Tests were then made with 18° flares because the lesser flare angle per-
mitted a more desirable construction with greater strength for resisting
thrust loads on the leaf. The pressure conditions and flow stability
were not as good as with 30° flares, but were nevertheless within reason-
able limits for even the most severe operating conditions. The 18° flares
were thus found satisfactory for prototype use, and all subsequent tests
were made with them.

The pressures obtained from the model are presented in two forms. The

!
data were first converted into pressure factors, PF = %:—-:—h—z-, where
hy is pressure at the piezometers, is the pressure head in the conduit

downstream from the gate, and Ht is the total head at the reference
station just upstream from the gate. The pressure factors for Island
Bend gate are shown in Figure l4A. By using these pressure factors and
the pressure conditions expected to occur upstream and downstream from
the gate for the most severe operating condition (Island Bend full and
Geehi empty), the pressures at critical piezometers were computed
(Figure 1kA). The tunnel pressures used in the calculations are shown
in Figure 15B. Tunnel pressures for more nearly normal operation with
Geehi Pond full are shown in Figure 15A. With the latter operating con-
ditions, all pressures on the gate structure will be strongly positive.
By use of the pressure factor data, individual pressures can be computed
for any desired operating condition. The coefficient of discharge for
various gate openings is shown in Figure 16. Prototype discharges may
be estimated, when the upstream and downstream pressure heads are known,
by using the nomograph in Figure 17.

Pressure cell records of the most severely negative and/or the most
fluctuating pressures (Figure 18) illustrate the most critical prototype
conditions to be encountered if the gate is throttled with Geehi Pond
empty and Island Bend Reservoir full. The worst conditions occur at
gate openings between 25 and 45 percent. The most critical locations
were between the restriction plates on the vertical step in the floor
(Piezometers 21 and 22) and on the walls downstream from the plates
(Piezometers 15 and 16). 1In cases of small discharge where friction
losses would be insufficient to maintain back pressure at Island Bend,
it was assumed that Geehi control gate would be throttled to maintain
the tunnel full with a 30-foot back pressure above the Island Bend gate
upstream center line (Figure 15B). It will be noted that at these most
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severe operating conditions, the instantaneous pressures occasionally
and briefly extend downward into the cavitation range (Figure 18). The
fact that these pressure excursions are brief, occur only under this
unlikely operating condition, and are on areas where cavitation collapse
is unlikely due to the flow patterns makes this problem relatively minor.
As Geehi Pond fills, the back pressure at Island Bend increases and the
head differentials across the gate drop. The operating conditions thus
become progressively less severe as normal operating conditions are
approached.

At gate openings below 25 percent, all pressures are steady and well
positive and the gate performance is smooth at all applicable flow con-
ditions. At gate openings between 25 and 45 percent, random pressure
fluctuations occur, apparently due to the discharging jet swinging
erratically in the downstream passage. The fluctuations are most severe
when Island Bend Reservoir is full and Geehi Pond is completely empty.
This operating condition is, at best, only a remote possibility, but if
it does occur, consideration should be given to operating the gate at
openings either smaller than 25 percent or larger than 45 percent. As
the back pressure rises, due to filling Geehi Pond, the pressure fluc-
tustions decrease rapidly. At gate openings larger than 45 percent,
even with Geehi Pond empty, the pressure fluctuations decrease, and good
operation is expected.

Hydraulic Downpull

When flow occurs under the gate leaf, pressure head is converted into
velocity head and the pressures on the leaf bottom become low relative
to the pressures on the leaf top. This pressure difference, applied
over the cross-sectional area of the leaf, produces & downward force
vhich must be considered in designing the gate-lifting mechanisms,
stems, and supporting structures.

The downpull forces were determined by pressures meesured with piezometers
in the leaf bottom and in the gate bonnet. The averages of these pres-
sures were applied to appropriate areas on the leaf, and the overall
approximate downpull was then computed. No measurements of stem loeads
were made because the model was not built to permit direct measurements.
These direct measurements require a nearly frictionless suspension for
the leaf within the gate body, a condition not easily obteined in a

model of a very high head gate.

The pressures in the bonnet and on the bottom of the Island Bend gate
leaf are shown in Figure 1lhA, Piezometers Ul through 59. These pres-
sures are for the severe condition of Island Bend Pond full and Geehi
Pond empty. The approximate maximum downpull, based on the difference
between the pressure acting downward on the top beem of the gate and the


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


arithmetic average of the applicable pressures in each piezometer row
acting upward on the leaf bottom, and the areas affected, is shown in
Figure 19A. The greatest force occurs at about a 60 percent gate
opening and reaches 442,000 pounds,

Tests were also made with the restriction plates removed from the body
and with the severest head conditions that would apply to the Eucumbene
gate. This test was made to determine the forces to be expected if
emergency or other closures are made with the Eucumbene gate. The very
different discharge characteristics of the design without restriction
plates produced a very different downpull curve (Figure 19B). Rela-
tively low pressures, considering the submergence due to Lake Eucumbene
(Figure 14B), occurred on the leaf bottom across the entire passage to
produce the maximum downpull of 429,000 pounds at about a 22 percent
gate opening, The pressures at the gate slots had an important effect
on the curve, being strongly positive at 10 percent and smaller open-
ings and decreasing rapidly as the gate was opened from 10 to 20 percent.
At larger openings, with attendant tunnel back pressure increases and
hence differential head decreases, the downpull progressively decreased,
Pressure factors and discharge coefficients for the above operation are
given in Figure 14B.

A last series of downpull tests was made with the restriction plates
‘removed and with free discharge conditions downstream from the gate.

This approximates the conditions that would possibly occur during early
filling operations in the Eucumbene-Islend Bend Tunnel, With an upstream
head of 410 feet, cavitation pressures occurred on the leaf bottom at gate
openings of 40 percent or more (Figure 14C). The maximum downpull
occurred at about a 52 percent gate opening and reached 1,015,000 pounds
(Figure 19C). The downpull computations were made using -30 feet for all
pressures indicated within the cavitation range.

The pressure data and discharge coefficients for the free discharge
operating condition are presented dimensionlessly in Figure 14C, These
data, like the other pressure factor data, may be used for a wide range
of pressure conditions, It is therefore usable for other operating con-
ditions on this structure and for other structures that are geometri-
cally similar,

Sta ess Stee iner Plate

The severe operating conditions on the Island Bend gate, and the fact
that it is extremely difficult and expensive to reach for maintenance
purposes, make it mandatory to provide smooth, well alined, corrosion-
and erosion-resistant surfaces wherever high velocity flows will occur
in the gate. Typic¢al surfaces in need of special care are found on the
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‘parallel, T-foot-long walls downstream from the gate slots and on the
restriction plates where the downstream gate seal mskes contact. It is
believed that carefully placed, firmly supported, and accurately alined
heavy stainless steel plates will provide the best possible and longest-
lived surfaces for these critical areas. Such plates are therefore
provided in the design of the prototype gate (Figure 21).

Measuring Station for Downstream Tunnel Pressure

The rate of discharge through the gate will depend not only upon the
elevation of Island Bend Pond and the gate opening but also upon the
head, or back pressure, in the 28-foot-diaemeter tunnel downstream. To
measure this head, a float well is provided and is connected to the
28-foot-diameter tunnel at a point 100 feet downstream from the Island
Bend gate (Figure 4). This distance allows reasonable redistribution
of flow downstream from the gate and is far enough upstream from the
contraction to the 16-foot tunnel to avoid interference. The opening
into the tunnel is placed on the horizontal center line instead of the
vertical one to avoid any accumulations of separated air.
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FIGURE 6
REPORT HYD. 462
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FRICTION FACTORS -MANNING EQUATION

MAXIMUM LOSS CONDITIONS

n=.029 for 70% of funnel - rock
with lined invert D= 2i.17

n=_014 for 30% of tunnel-concrete
lined D =205

MINIMUM LOSS CONDITIONS
n=.025 & n=.0l

Note: Tunnel sizes from Dwg. DT-J-II

ISLAND BEND GONTROL GATE
GCOMPUTED TUNNEL FRICTION LOSSES, AND HYDRAULIC
GRADES AT ISLAND BEND GATE
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FIGURE 7
REPORT HYD. 462
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B. DETAIL OF GATE SECTION

ISLAND BEND GONTROL GATE
11192 SCGALE AIR MODEL
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FIGURE 8
REPORT HYD. 462
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FIGURE 9
REPORT HYD. 462

A ~
1 \ < m - 12'-0% - - - 1 -
_I. .
— 0 7 r
S ' <
~ ! - J r
X 1 3
----Gate Leaf ' _ i '
. Ne— N
[ \ w
— - . S0 - . . - v
&\_ |, —————— Y ? L — “\ o
t — ~ Vi
FLO ! i Y |
! Y
e j \ > 5 /
Z - \ N g
3 / ‘
\
K 1l
\
SECTION D-D I
ELEVATION 2| ! V— v
‘c Blocks inserted to reduce conduit width downstreom from qutet' !
SECTION C-C
A. TYPICAL INSTALLATION
A N L4 EN #, s
W Vv At _I x [y x Ty [ xTy
[ R 0.00J0%60d o [1.00 |00 |r25
\ 'S A } \ 0.25 50 {0.999 J0.50 |1.246
N A [N (AN ! 0.5 Jo9a6d1.00 [0.995] 1.00 [1.234
toad H \ 1 \ 1.0 lososaf .50 |o.97s8(2.00 [ 1184
A ! v \ Y\ 1.5 [asai6f2.00 |o.o16]3.00 [1.097
N [ pepr e iy gl Y [ \ L 1,75 l0.7799]2.50 |0.8660/4.00 [0.960
a1 @™ 3osm- Tim! [T | \
= ek e 3——-'—— ——=1r 1"V i [ \ \ Pianes of 3 2.00 0.7157)3.00 |0.800/4.50 |0.868
- T /’/’ # ¢ ! P! \ '
Y77 | 4 I r! R ellipses-, 2.25 jo63si|3.50 [07141]5.00 [0.750
LT R =0 o 2.5 [0.53044.00 [06000]/5.50 0.594
R S _ . i e | 2.75 [0.3837]4.25 [0.52645.75 [0.490
C
k4 T 2.90 [0.24594.50 |0.43606.00 [0.350
fow ., e IS \ 3.00| 0 |a75 [0.3122[6.125 02487
2 i I e 4.875 0.2220)6.18_|a1864
b I Y :' D 500 | o Je2s| o
5l Vo
| ll ! : ELLIPSE COORDINATES (FEET)
@ ] o A TRAPEZOIDAL ‘SECTIONS
e~ mm e oo 12'-0%--------- Y- A Yy N\
| v
I g w ot
SR VI
PLAN ;:4___33'_2::,;____,..' |
[P 4'—5%‘---—»"’
END VIEW A-A '
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C. RECTANGULAR BELLMOUTH SECTIONS

ELLIPSE PLANES INDICATED THUS - $t1

Note : Dimensions in feet, Prototype

ISLAND BEND CONTROL GATE
CORNER FILLERS FOR NARROWING GATE BODY
1:19.2 SCALE, AIR MODEL
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FIGURE 10
REPORT HYD. 462
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~=<1- 955 {(First test only)--->]
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B. STRAIGHT RESTRICTION PLATES

— A
\ Restriction
plote face;
FLOW
Bottom seal.
33" Gop
k2 © "o

D. INITIAL LEAF AND BOTTOM SEALS

beemen 9 e e o]
(Loter Tests)

B8
—
_sr_ —I
- '
S, - "“~~Gate leaf ;:
'
© >
LA < . e ay
_.-Restriction plofe f
[ :
~ ;
13
X o
B ; w A
[l e SECTION A-A
L. i
| = ?
ELEVATION @:J_'" A. TYPICAL INSTALLATION
B

L] #2 W3 | Ag
x |a-57 aor 40| 0"
Y |e-nfle-e"|a-04] 6-0"

COORDINATES

C.

E. CROSS SECTION OF PLATE

Note: Dimensions in feet, Prototype

—A

A

SECTION B-B

' Recommended
design--.,

CURVED RESTRICTION PLATES

Fi
LOW)_

F. FINAL LEAF. AND BOTTOM SEALS

ISLAND BEND CONTROL GATE
RESTRICTION PLATES FOR NARROWING GATE BODY

1:19.2 SCALE, AIR MODEL

7
7

Leaf

.Leof seal ot face
© of restriction
plate

Bottom seal-----""

[T~ Restriction plate
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FIGURE 11
REPORT HYD. 462

> A
A A VA —I —VA v
Leaf, T — 13.0' - -- - - e =
ol | <
.-Restricti lat >
|~ Restriction plates Start of
28' Dia.
tunnel-,
_|FLow P,
L Upstream “* <"
floor-, S
b4 Y I —
¥ : 0 >
/___'L_=_a_ _____ 3 ke 1 ___
o
i ©
i ¢
% s "E). 3503.25]
ELEVATION - A SECTION A-A
A. FLOOR ALINEMENTS - HORIZONTAL DESIGNS
- «1“ VS
77 ~
Leuf.\) .--Restriction plates
% - <
Start of
FLow 28' Dia.
Upstream -« {12=inch step recommended) f“"“f'_‘;
floor. S o
A Y B
I. .-45° Slope
g N " Recommended
N
‘(\ ™~ K
\\ \\ $
N >\' €1, 3503.25
7
ELEVATION A SECTION A-A

B. FLOOR ALINEMENTS - SLOPING DESIGNS

_(A
y—\/‘——l T ‘/‘: T
= T | ! V!
i | ' ) |
| | | ‘\‘: n,,’ |
' o B | Cly
Q. ]
: : Lo 7G memmee e tunnel < | ! ! |
| [ S | ) |
S FLow,_| I 45° Sloped > : ! |
H o N )
’ - 1
! A Flore ongles of | 1 : |
! 3 -10°, 0%, 10°, i ' | >
? ! i ~Restriction 20°% 8 30°10€, < (I o
otes - 1
| p < { : o
| ' ) |
l ol L L. |
% W
‘/—_4
PLAN SECTION A-A
A (ROTATED}

C. WALL ALINEMENTS

Note: Dimensions in feet, Prototype

ISLAND BEND CONTROL GATE
FLOOR AND WALL ALINEMENTS
FROM GATE LEAF TO 28-FEET DIAMETER CONDUIT
1:19.2 SCALE, AIR MODEL
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FIGURE 12
REPORT HYD. 462

FLOW )
“>1<=3___Piezometer
.
/2 7
Z,
NO OFFSET - SQUARE GORNER ,
Le - ~-38 -
l-<--32.9"-—>-i: 1
r<-=28"-> 1 |
FLOW :_f-lgn_); ! : :
. %00l e
VA T Y, Z
) L-PT.
30'-0"R

1.5" PROTOTYPE OFFSET
|3

W
FLO

3.0" PROTOTYPE OFFSET

/' Row 1 piez's. 1" abave ledge {6'-1" abave floor )
Row 2 piez’s. 11'-2" above flaor.

— 6' high plates =37.5% gate opening. B. SLOT SHAPES TESTED

A. OFFSET SLOT CORNER ABOVE RESTRICTION PLATES

SLOT bz, GATE OPENING
SHAPE NO. 32.5% 37.5% 40% 45% 725% 80% 100%
ROW 1 [ROW 2| ROW || ROW 2|ROW | |[ROW 2 |[ROW | [ROW 2 |[ROW | [ROW2 |ROW | [ROW 2 |ROW | [ROW 2
1| -12 |-14 7 16 | 36 37 | 56 | 69 | 205 | -18 | 00 280 | 257
NO 2
OFFSET 3
4
1 {-12 | -14 7 16 | 36 37 | 62 | 69 | 205 | -18 280 | 257
1.5" 2 | -7 |-14 18 16 38 32 83 | 69 |[196 | 122 270 | 267
OFFSET 3 |-9 [-14 | 18 16 | 36 37 83 | 67 [189 | 124 265 | 267
4 | -9 |-14 | 18 6 | 36 37 83 | 65 |185 | 125 261 | 267
1 | -9 |-14 14 | 18 | 18 39 | 68 | 76 | 201 19 267 | 261
3.0" 2 |-9 |-14 ] 2 [ |3 37 | 76 | 65 |187 | 126 264 | 266
OFFSET 3 |-9 |-14 |16 |16 | 36 37 | 76 | 65 | 189 | 124 264 | 266
4 | -9 |-14 | 16 | 16 |34 |37 | 76 |65 |187 | 126 264 | 266

C. PIEZOMETRIC PRESSURES - FEET OF WATER,

PROTOTYPE, INCLUDING MINIMUM BACK PRESSURE
(Tests Mode With Elliptical Bottom on Gate Leaf)

Note: Data from i:19.2 scale, gir model

ISLAND BEND CONTROL GATE
GATE SLOT DESIGNS AND PRESSURES



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


T300W D11NYHOAH 3TY0S $2:)
N91S3ad Q3AN3IWWO003Y

SNOILVYO20T 43L3WO0Z3Id ANV S7TIvLi3Q 31v9 T300W

31VO

§7lvl3ad 31v1d NOILOIY1S3Y

0-0 NOILD3S

09,
Buigny isjewoip YouT- %

g-8 NOILD3S

/_\
; G20 j
! g e B i
~ (=]
1 n - i
N .
; sz o | L
< I 2 4zelt | i
N Te——o !
——— > | s——

o
=/ 3 \——

— | som—
L , i .
o i
| 1 ]
\0; & ! !
ri i -
A [ R—_— >
d-4a NOIL23S o
N .
- , R
‘\ab,i g é siom . -
s%’ 21450]d Juadodsupu] - . RN
o? 1‘-3917, 1,
o !
%Q v
jv3ad 31lvo
3-3 NOILO3S NOI LVA313 WV3YLSdNn
520, i
,900; 4880 5
060060 Y < OG0~---.622-- -~
Aé i o f oo e 5 %'v 6t N
O I ORNGS 1 o 57 1605 EE"§§i
CET \ i 1e8 4
: . \ : : ! [ Tié’ T T gt !
N v 4 BT | LTI m
! 7 /- L i Do
s | 5 N
2 Do \ P
2 N | B
&4 - oo
i 7 . (| Vo
| . : : [ b
- e S L
© e & Lo ! ":‘,=
g eyt g s
: 7 ! ]' [ T T T (-
' ’ ' . [ [
! »; ' . [ [
: ’ ol i
' s | [ [
: : Lo [
Lo ' | IR o
. N .
. a B
et IR N
“é” ,«/ ] t v L : 1)
0 ] i
j08s Jaqany- -ﬂ e ’ |
! sways buipy-” BL)
910} $SDUG-
) =1
Json | ios i
1= +
ZA Zx :
‘osdif)s adhjoioud fuasaidad b
o} padoys 8rand woiing Jpa7 i

29 GAH L¥Od3Y

a30jd s504g %

NOILVA3T13 TVNOILD3S

48(U! UOLLISUDJY WOJ | wD3Jysdn 008
$Npupd 008 Ut J3}3WDZad BIUBJSJBY

9262 X! R
9262 :
221z X .- IDjaW 484G 09 9!
oo FkT IR N s )
1 wal” 4
— &b
—] -
—]
A
— 4 e e — > PO
- g EisE3 & TV
[T =
2
Y

JOHLNCD AaN38 ANVASH g
[->
30U0J4U3 {INPUOD WOJY 0- i 4iNPUod e
'0iQ ,00°p! i 1843W0Z31d WOBLESUMOQ %‘ —;9
, -{043W 4833yS DG 9 la
e
B aEETEer
"62'€06¢ (3
~
o
P i ~-002-
; : uig
Tobeg® iind
;L o 220 |«
YT T N Tog e 3 g
w5 y
=R
& -
HEE Wowa STy
. (3 WOH4,$2) CF (3"NOYOF
. {3 NO) 2
i
e JBEEl - -

V-V NOILO3S ANV NVId
+L3NNOR) 66

T

02-61

T
|

SNOILYD01 ¥3L3AW0ZAId
vm 34IS

‘HoM pudy 448| S8jpusp Wt

X144nS "HDM pupy pubis uo
.1 UOYDIO| S11 $9L0UBP SJAqUINU

Bt s (T J343wpzeid U0 Y, Xij4ng
wol | s we y
N el
JET0M ‘ —j<,,£|0 o
‘ é o880 o
: 3P0 o
062 =3 A %
r ’ & -§
WO o N

€1 39N914



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


71300W D1TNVHAAH 37V9S b2l
SHOLOV4 3UNSS3IUYd ANV S3UYNSS3IUd IJOVHIAV
31vO TOHLINOO (aQN3I8 AaNVISI

(8109 suaqwnan3 buijpwixosddy) (3409 suaqunon3 buijpowixosddy)
J9HVYHOSIA 3383 —S3ILVId NOILDIYLS3Y LNOHLIM 31v9 D TAInd TINNNL WVYIYISNMOQG —S3ILVvd NOILDIYLISIY LNOHLIM 31Vv9 8§
SY012v4d 34NSS3Yd SH012v4 34NSS3Yd
Ayaanas uonoyind ayy | 2S00 |2t Jeor Juiw-Tuur-Joez-[oev-] g2 -Tase - less - o6 -J6o0+] oii-boe - [695 - [oee - [g86 - | 960 9 SHO0 |866+| 056+ £16+]068+ (208 +{80L+(G9G +]068 + | 18+| 18+ +| 8IT+| 610+ D68+ | 182+|41G +[ 221 +[pb0"+|020'~{020'~{510'-| G10'-| 610|020/~ | £20- | b0~ g
84021pul saunssaad pandwpd | 980°0 [611- |££2-|602 - |12~ 192 ~| 9it- |252 -l60¥ - | 199~ | s26—|g001] si 2 |00V~ [sag - |vee'~ [s66-| 10— Y SB00 | 266%| 1064|294+ 692 +[0220+ 681+ | 6 +|evs + |55 + [ove +[£20'+ {500 +{ovar+ | s557+ |88+ [g807+ o0 +| 260 250 -[820 - [820 - [££0-|950 - | vEO - [8 40 - ol
Jj,'ﬁf'uﬁ;fm',*j’;’g %%‘,f;j?ﬂ; 0LI0 |#81'~ | $85 -| L% - 166 - | 298~ | 58Y ~| 29%~[659 - |628 - | 826 — [0 | SEb ~[B¥9- [L62— |968~ | 166~ 12— 02 JLI0 |986+|506+|GOR +| pLb+| 126 +[285+| L2 +|2Lv +| 192 +]180+ |50 690~ |01 + |02 +| 621"+ |¥¥0 - |620 ~ [090'~| 660'~|950~ | 560~ [090- |90 -|c90~ [820-| 02
‘pauIB§qo aq uDd 043z ajnjosqp | 8S20 | 197-|s6r-{029 - |16~ [98e-| 209-|0c9-[ecs - [ov6 - | 2201 1101-{06s -] 618 | €16 | $1071-o00'I-| 562 - 53204405 U0 0¢ 2020 | 196+[0p8+|2e0+| 2o+ |eee+ | esv+[paz s |61 +lec0-[201-[ 181 -[641-[ocz+ [1g0°- 121 - |12 - [ 1vr -] 980-|s80-[e80-|080 - | 680- | 00~ | 2607 221 - o¢
S‘;‘g‘jﬁ;ﬁ’:‘gﬂusf’;é‘sg?‘Ja‘ifg:f’;zg;g ove'0 |96~ [ea8'-[ces-| 166 -[aav- L2 -1 91| 1v6 - |2e01-|1501-0201-| 825" Jogee - |66 - [or01-{286 - | ave - M0|4 ON o 2980 |166+/628+|bb2~|060+|821'+ (268 +|G10 +(100 ~ 1922~ | 298~ |8¥E - |$G2'~ [260+ | 122~ | 618~ |8YE - [¥22™- | S11™~| 611'~|801-| 1S9~] 611~{281-| 821~ | 691~ ov
uoly Jamoj Saunssaad pandwoy | E2H0 | Ser-|6G6-{96s-[ace~ |vet {260 |2t -{s001-|180 ] 1601|2201 102-|e66 - [evoi-|sL01-{ 1001255 - 0§ 1660 |2.8'+|08L +| Ob¥ | 012~ |50 - |90z +| 961+ [vs1 - [cet-|095- [26v - s - [8so- [oay -Jozs~| 96+ - [ags -~ | w2 - v12 - |8ev-| 8r01-|voz -|012- | 812~ [0z - 05
(ta+24) Bz by £15°0 |01~ |498-|£9/-1289'~| 98 %-| 14+ | 669'~]2001-| 9801-| 066 - [606 - | 099 -{2001-| 5901 9e01{0eE - | 228~ 09 2090 | ¥18+| 104+|92k~| 192~ |0sr-| gtr+| 201+ |0sr- 296 -| 669~ vag - | o1~ |660°- | 656|665~ {5 - oo - | 262~ 192~ |06 - | 019- | 989- 017~ |£02 - | 212 09
0 1090 680 - [p9-|ebs -|v0s ~[864-| b2t~ (826~ |cv6 - [ap0i-|pes-[vor - | 155|286 - [8001-[pas - [e02 - | 014~|608~|c82~| S18'~[0cE -|se 8 -| g2~ 0L 62L0 |boL+|p99+| 681-|g62 - 182~ | v10°+| 280+ ]e80°- 916" 119 |ssg- [pov - 120~ | 125-|209°- [0ss - [o9g - | 652 -| 0£ 2 - |262- | 106 - | 264 - [bee - | 285 [ pe2 - 0L
3y} Jo poay u,(o‘l!guo‘lg,\aius‘jaéig 60L0 |80~ ¢S ~[60L-(|969~) 2i¥~{9pE ~19PE~[96. —{0L6— | BI2 ~|6p I~ | 21 € ~|EBL ~ | £€6 ~ 669~ |Lp9 ~ | OLE ~| S¥L '~ SIL'~|2e¥L-|962L-189L~| G6L~| £8 "~ 08 Gl80 |Z09+{29¥ +|282~|G8Y — |69V —| /80 ~|G00~[9P0+ |49~ | 626|668~ [SE€L ~|280 + |09 ~{ 598~ [GBE - | 69— |2GE ~| GLE ~[9C ¥~ |BEF ~| 199-166G~| 129|965 ~ 08
‘a40b 3y} wouy woayysdn uoyoys | 62870 222~ 182 1951869266 -] 12~ [ss0-|e59- |02 - 2.8~ ees0-] 190-loso |26, - 829~ 122~ | 62v-{ 899 | 1wo-| 169 ] 5.~ |88 -|c08-|6L2-1 06 1801|265+ 010+] L20-[p09-| 66~ | 05 -| S22~ |ees + 625 - | 9t2t| ivi-| L161-[evs+ | cor-| 6111 28e1-leva 1| 685-| 109-|oss- |ves- {08 -[ess -] 2e6-[aegi| o6
ua;awac?zugf?f; ;’;‘;q“; 5.? a:,‘j:: £660 |50/ - |g8s-| 1897[6 G159 | L6¥'~| 168 |6¥ -~ |9¥E~ |SB9-|889 - | 6G8™~|£20'~[pbE - |G89 |99~ | ¥SG -| 00G'~| SOS-| 825 | 96| 26 -|06G-| ¥BG~| %00 8€21 | 11Z+]286~(696-| 068~ | 118~ 108|668 - SG01-|6v ¥~ |86¢™~| 166~ | 886~ (030181 2~ |1GE | 696 886 - | 969~ 8Y9-|029- | p49~| 19/ -|68L-| 18- |GLL~| %00
::+:‘4 = J0job4 3dnssaug 23309 6c | @ | s |os | ss | vs | es | 2s |15 |oc [6v | 8p | b | ov | sv v | &t [ w1 |1 Joi | 6 | 8 | 4 | 2 gl 73306 434 |6 (85 [ |96 |es |vS €5 |26 | 1S [0S 6% |8p |ib |[Op | Sv [ v¥ | 11 | O | 6 |8 | L | € | B | | [oaeid
— Xy
394VHOSIO 3344 £jdw3 |auuny woaJdjsumoq 026¢ ‘|3 "Say pusg puo|ST—S3IUNSSINd £99¢ ‘|3 Busqwnon3 o7 026¢ 13 'S3y pusg pupisl §3IYNSSIYd
Olv | 166 | L9€ | 29€ |16€ |68z 152 |09¢ | 862 | 181 | 8 | v- | £9¢ | 106|881 | €4 | § | G6€ 9 99l | 21v |96 | 265 | 98¢ | G9€ | 1vE | 90€ | 285 | 6GE | 682 | S61 | 041 | 49 | 6GE | €62 | 261 | 4210 | 191 ] 191 29t | 291 | 191 | 091 | o9l | 8 g
60% |Sec | vig | €26 |12g | 208 | 852 | vig | 1v2 | 881 | 0f | 2- | 12¢ |Gb2{8ut| ap | 1 |89 ol 081 | n¥ |e8c |8t |8se |6se |o0SE | @is [vos |e0g | 652 | 261 | 181 | 2ce | 60e |89z | 661 | 481 | €21 | c21 | vat | w41 | €t | 221 21 | 6o 01
v0¥ | 62¢ | S8t |12z |09z |vs2| coz |Gz | vet | 9 | ¢ | 8- [oze|eer| 22 | 6| 2= | uis 0z scz |60k | g6¢ |00¢ | 61€ | ove | 8ee [ ne |c2¢ | 192 ] 162 | 922 | c2z | cag | €82 |85z | u22 | 82z |22 | v2z |2z | g2z {vez |2z vez |12z 02
86¢ | 256 | 68 | bbI | v61 |0tz | 641 |OvI | 85 | O |02~ 9i- [95i| 29 | va | 8- | a- | 2z $330)n5 U0 0§ csz |00 |26s | 622 | 108 | 126 |Ove | 905 | 208 | 022 | 252 | 05z | ssz | 90s | 122 | 85z | 9wz | 9cz | £92 | €92 | #92 | 492 | £92 |09z | 292 | 852 0¢
888 |b2g | 92 | 88 |cvl | €12 | 2.t | v6 | 2 |GE~-| Gb-|0E-| OM | £ |o0z-| Ob-| 2i- | 9b2 M0|4 ON o 61¢ | L0%| 965 |962 | vit | 165 | 66 | 125 | 615 |62 | 82| 182 | G62 | v2c | v62 | 682 | 182 | 862 | 805 | 80¢ | 60¢ | 652 | 808 | 05 | Log | co€ 0¥
gss | o€ |02-| 2b |cor [ 2si| 1ui | 29 |es—| €1~ | v2—|26-| 98 |1~ 26-| 69~ | 28~ | 222 06 vbE | £0% | v6E | bis | OSE | 2v5 | 8SE [ 6e | vee | 11 | 90¢ | 1ig |o2e |ece | ue |eoe | o1g | 12¢ | 226 | 628 | #iE | 122 | 928 | 628 | 628 | 228 06§
0-1%,0-6 -Apoq 240640 0800=V [Tece T oic | | zv | €4 |91 | 22t | 89 | 85— |06~ | 1S - | 8I- | 8 | o5 | 28| 0z~ | 92- | 002 09 29¢ | sov | 26€ | 1ve | 6v% | 66 | 895 | 69¢ | vG¢ | vee | 62¢ | vee | eve | 26 | vee | 2ce | vee | vve | 0se | eve | eve | 2ec [82e |2ce | eve | 1oE 09
M":Po €€ | 262 | 29 | 92 | 2b | 221 | 261 | ¥6 | 95~ | 66-| Ol | 2t | 601 |16~ | 28-| 81 | £v | €91| 6 | & | €= | 6~ | 1~ [ 2~ MO39 0L g | cov|86s | 198 | +95 |99¢ | G2€ |88 | tis | g6e | 168 | vGe | 6E | vu6 | 66€ | 268 | v5E | 19¢ | 99¢ | oo | vag | 9ge | 9gs | zo¢ | 26¢ | o0¢ 0z
(A“oq)awgo}o poayo woioss | ¥Of 692 | 18 | €1 | 61 |Ggl | 291 291 |22~ |v6-| O | 8¢ |94t | 41-| 6| 41| 68 €51} O | 11 | O |9~ |- |2e-| - 08 s8¢ | 10b | 268 | 815 | 125 | 2s5 | 28¢ | v8e | 985 | 196 | ece | 0oe | 95 | 285 | 295 | 19¢ | 0o¢ |99 | cue | vae | cuc | 19¢ | 99t | 695 | o9t | 69¢ 08
j?#;:ggamoaﬁzmégﬂ;D;:fgz g9z |24 |our | se [ 6- |20t | o0sr 22| e- | vu- | g6~ |65-10v2 | v~ | 66~ | €1~ | 45| 68 | 6~ | 2 | 81~ | vt~ 95~ |G9- | ¥s- 06 268 | 00% | 265 | 26€ | 08¢ | 925 | 29¢ | 89¢ | €Ov | 28¢ | 89¢ | voe | 99¢ | c0¥ | 28¢ [ 02¢ | Got | 89¢ | 20¢ | 08¢ | wu¢ | Gue | GzE | 218 | vLE | O9E 06
4335W07810 40 POAY = *y auoym | 202 | 18- |66-| 46~ | GE~ | 69| 2~ [8Ei~| 281| 09 | 6/ |08~ |0GI-| €61 | 19 |64~ |0z | §2=| €~ | S~ | 4I- |92~ | e~ | Op- |26~ %c;sll'mo IWVGBGHEJ.S 10 | 688 | s8¢ | 28¢ | 89¢ | 288 | 185 |¥85 | 26¢ | c65 | 98¢ | 98¢ | G8e | o6¢ | vec | c8c | 98¢ | 68¢ | 068 | Oes | e8¢ | 88 | 89¢ | 88¢ | 88 %cm;do
—:::' t: = 10004 aunssaag | 33¥ | 65 | 8S |45 |95 [6S | vS [€s |26 [is [0S |6v |8y | sb[Ov Sy | vy | sl | | i[O | 6|8 | L |2 435 oot | 438 | 65 |85 |26 {95 | ss |vs [¢s|es| 1s|os|6v v | v |ov|sv oo | njor 6|8 | 2 e | 2| 1 |53
394VHOSIA A3IOYIWENS
1704 T3INNNL WYIYLISNMOG—- 31v9 GN3I8 ONVISI 'V
SY012vd 3YNSS3ud
0v00" [000H] 0001+] 0001000 H]000"1+]000H] 666 +]0001+] 166+ 686 +] 086+| §b2'+|£001+] L66+| 266+] v26+[ 856+ g
1600° |000H] 180-[0v6 + G10'#]G00 | GO0 1+| 666 +| 110°| S107+| 510145001+ €107 £66°+| s101+] 10| 966+{0v6+| 8867+ £10-| £10=] 10| 10| 010™-] 210-| £20-]220-] 210-| €00-] c00-|820-| Lio-| 810 B1O~| £10~] Gb0'~[ 640~ 180|220~ ] 180~ [0v0 ~|9201+|v201+{620'1 +|2£01+|820°~|820] 2104] L10#] L0+ 8107+] 810+] $10~{800-[800-| 800-[800-] 800200~ ol
1£20° 100014 100|286 +] 600 H[r001| €001+ €001+ 500+ 666'+ 066+ 666+ | 918°+| £55+| 6001+ 986+ | 2264|828 +| #99+| 260-| ££0| s80-(s£0-|0£ 0| 510-|500-|900-| 910-| v20-|220-|200-| G10~| 110-] 110-| 110-| B10°-[810-| 110-|800"-|100°-[100'-[#10 14910142101+ GI01+| © |100'+] 210 110™-| 010~ | 200~|900~| 110'-| 020~ |020~| 810™-| 910|910~ [220~ 02
CEGO" | 66| 910-[926+|086+|686+] 566+ |cBE+ 266+ 596+ | 266+ 898+ | €59+ | 285 7+| 26+ |926 +| 188+ s19+[02¥+] 160-9v0-[050-|8r0-[840-| 1£0-[020-| 120-| 20| 2v0-| 10| 120|120~ [p20 -| £20-[820-| 110'~]600~( SO0~ |00 ~| 660~ 610~ | £10°1+{900'H 110" 1+|500'H| 220 -] 120'-| 620~ $20-] 120~{120'-| 120'-| 920|460~ | 80~ | 2€0~|¥E0-] EO-| 150 0¢
G2 | g66+| GHO - | h26'+ | Q06 +| 6164|106 +| 661+ 182+| 618+ [662+|229+| Sit+| 102+ 088+ €62 +|£0L+] vav+| v22+] 620~ 920~| 220-| 590-]280-| £90-| 250~} Ov0-| ¥90-| 220|020 501190 |160-| 160|620 -| 110~| 210-{ $10-|$20~| 260 -|050 - 1586 +[£26'+ [p26 +|pS6'+ |¥¥0-| 090™~| 190~ $90'-|090~| 850 | 090-| L80'~ 220|020~ | 180~|280-|€80™-|220~ o
6681 |086+| £01-|9G6+| €62+ |vv8+| 2687+ 269+ L 16+| 620+ | 199+ |28+ | 91z+|ep0+| 96 2+| 199+ g6t+|012+| £20+| s80-[250-| 8ir-| 681-|s6r-| e11-| 200-] €20-] 21| 22r-| 621-| 620-| 02t | b6O-|¥60~| 9¥I-| 930~ | 9¥0-| 640~ 850~ | OGI~| 121~ [BOOI¥ 186+|206 + 846+ | b20~| 80| G60-| ¥60-|560~| 960~ | £1i=| 9¥I=| 1e1=| 1¥I'-| £¥l~[ L8I-] ObI~ |24~ 0s
0282 | 666+4| 911 —|S06+| 119+4|629+| 165+ | 819+¢| 1004|859+ avb+| 192+| £20+| 160|199 +|8e v +|082+| 810+ |90 o= 211-| var-| ser-| ez -[8sr 160 001-| 281 161-|922-] p0I-| ser-| 621-] 121-| 616-| 120-| 220~| 220~ 280~ 27| 161~ | 6€6+| 226+I898 + [568 +| 201-] 81| 861~| 021 02I-| 811~ O2r-| 062 ~| 461~ 802 ~| 212 ~[8E2-|192-|981- 09
OEBE | G267+ 491|188+ $19°+|96G +|2Lb'+ | 965 +| 02 +| 185+ | 126+| 460 +| 2bi~| 822~| 219+| 126 4| 611+ 2¥I-| 202—| GGF-| 102~ | £52-S82~| 126|822 —| I¥1—| SEI-| 281 | 122~ | 1vE-| GEI-| 121-| 861-| 221|619~ 01| €01~] 201-| s11~[c02~| €12'~| 216 +|2067+ 662+ | 208+ | vv1~| 661~[ 981™~| 661-| 65| 6vI~| 61~| 959182~ |g62-| 266~ | e19 -] 169 gmE- 0L
0664 |vi8+| b2z-|6v8+| 189+|829+|82p + | b2 +|9c 2 +| 885 + 062+ | 190~ | 618~ | L1v-| 029+ | 282+ ]p10-| 616~ 826 | 861~| 981~ vi2-|6v2-| 66%-|2ve-| £81-| £81-| 21z [po2-[29v-| 8ur-| g2z -| 881-| bGI-| £16-| Lb 1| 641-| G1~| 291-|0v2 -| 691~ |p6e'+ [cbE+[6€ L + (992 + | 841|861 bb2-| G1z—| b1 2102~ |402-| 828~ | 195"~ | 625" | €25 ~| 966 | 228~ [ovb - 08
6019 |808+|6ce~| 910+| 269+ ove+|epe+ | 161+| 661+ {1627+ 952+ 2or-[906- | 19| g8+ | 292+ | 0v1-| 116-|0L5-| 622~ Ov2~| 26| 181-| 085|658~ | g2z~ | e2z-| bS2-|262-| bib-| s82-|262-|9v2 | ¥GZ~|b2E | BBI~| 88I | £61'-|£02'~|p62 - |S0T ~|2/8'+1928'+ |£69 + [269'+| 122'~| LbT~| 0L2 | L¥2 -| Lb2 | S¥e~| S¥2 | 828|128 - (882 | 852 |6pe- | 169~ (020 06
0189 | £oL+| 867-|qo+ |22t +| 166+ 967 +| ez +| b11 4|65t +|ppe-+ | 281+] 180-] 962+ poe +|pve +|v02+]080-] v2i-| 802 -|0ce -] 166 -] 64! 12r-|8ee] 052-| 062~ s62-|8ps | 9ss-|ovz-| sie-|arz-| 162|122 ] vz -|022-{ G1z-| 22| vae - 206~ |Bv8 4 |oss + 20+ |96 +| 962~ 667~ 0IE=|0se-] 127 |es7 |62 2-|Ove-|268 - e¥e | 691|122~ vE¥-|r29-|  %oo!
32300434 09 | 66 | 8 | 4G | 95 | 65 | vS | €S |25 | 15 |05 | 6b | 8b | it | 9v | S | vv | b |av | 1y | ob | 6c |@c | e |9t | g |ve |ec |28 |oe |62 o2 |2z |9z sz |va ez |22 |0zl | a9 s || o |6 |8 | 2|9 s | v]| g |2 |1 |,
34nssald §Iog wnwiuty Of Ajdw3 puod 1ysag 026€ 13 'S3y puag puoisT—SIYNSSIYd
RES 20% | 207 | 20% | 20% | 10% | 20 | 10% | 86€ | 9L | 8OE | €0 | 10¥ | 66€ | 26€ | 98¢ <
0f |20t | 81 | 08¢ | 0% | 0% | £Ob | OOV | 90% | 0% | L0+ | £O¥ | L0 | 66€ | 20% | 20v |cov | 626 | 626 | s2 | 2 | 92 | 92 | 92 | 92 | 22| 22 | 92 | 62 | 62 | 02 | v2 | b2 | €2 | Sz | € | €t | o | o | & | & [2we| e |civ || €1 | €| v2 | vz | 42 | €2 | €2 | 52 | s2 | 22| L2 | 22| 42 | 62 o1
of |10b | OF |olc | s0b | cob | cob | cov | bob |oOb | 865 | 988 | ez | gee [ sob |ves |tee f9ose a2 | ot o | 21 | o | u | w2l se| 92| w2 | 12| 2z| 62| vz |92 |9z 92| vz | vz | 92| 22| 0| oc |00 |200|80v|s00| 0 |0c | 92| 92|92 |8z |82 |92 |ce|ce| c2| 2| v2| 02 0z
0f | 00% | +2 | €16 | £6€ | 26¢ | 668 | G6€ | 86¢ | 89€ | L1 | 26€ | 892 | €41 | 16g | £i5 |ess 082 o8| 1 | e | @ |2 |2 |61 | €222 | @ | 6 {61 |oz]o0z |12 |zz|0z|9z| 22| 82| 62| o | 2 |90t |[cor|Govicor| 2z |ze| 12|22 ||| oz| s | @ | 8| ]| o 0¢
of | cec| 1 | 69| cof | s0¢ | €9c | c2¢ | 862 | 15 |c2e |8z (281 |voijsse |tesleszlom|en] 1 [zl ¢ 9 o {2 o el o v | % v e vl t]oz|oz|se]e|v-]arJeec|uoc|osc|{ose| »1| e | s | 2|8 6|8 |z-|¢ |+ |[0]0]o0]+ o
1. 1168 | b | 485 | 256 | ovE | ove | 662 | b2 | 92€ | £82 |2E2 | b1 | 16 |26 | €82 | cEx | v¥i | 001 | 05 | 09 | 65 | €€ | 42 | I+ | S | 45 | 1v | 88 | o€ | 5 | 6€ | i# | sb | Of | 29 | 29| 19| 8 | ez | 8 |oov |ees| 6c | 18e | € | o5 | b | z¢ [ 9v | 9v | 1v | oe [ce [ee | 1e | ec | 2e | ¢ 0g
961 | 98¢ | 921 | €2 | £0€ | 61€ | 22¢ |vO€ | 252 | 60€ |£92 | 612 | 291 | vet | 9ie | 19z [ezz |09l | 1e1 [9z1 [ ez | v | 1n [ sor|an | eer |2er | g2i|ozr|zor | 2ei | var {sar | s2r| 18 [ eei| 61| 8er| cer| vii]ozi | i8¢ |68e | voe | 1og | 2er |8z | ezl | 221|221 |82 |22 | 28 [ o looi]| coi| 66 | €6 | ti 09
£22 | 185 | G61 | GLE | 82€ | S2€ | ¥OF | 8OF | 8.2 | 225 | 822 | 6E2 | 661 | v81 | 82€ | 842 | £v2 | 661 | 881 | 461|681 | €81 v21 | 891 | 481 | 661|002 | 261 | 981 | 691|002 | 461 | 961 | 102 | L1160z | 60z | c0z | €02 | @81 | 281 |6s5 | 126 | 09¢ | 196 (861|961 | 161 | 961|961 |61 {861 | 111 | Gz1 | s2v] sa1 | asi| gt | b2t 0L
892 | LUE | Ob2 | #1S | €56 | 9O¥E | 12€ | 0% | g6z | 1¥E | 262|092 | 822 | 912 | GbE | 862 | 592 | 822 | 122 | €v2 | 162 | vE2 | 262 | 902 | 862 | Gv2 | Gvz | zva | G2 |01z | 9v2 | OvE | obe | 62 | ¥02 [0Sz | 6v2 | 6v2 | 8v2 | 862 | J¥e |08E | £.€ | 098 | ¥9¢ | 9v2 | £b2 | 82 | b2 | 142 | ev2 |cb2 | 202 | €22 | L2z | 822 | v | 991 | 212 08
862 | 48 | 492 | S9€ | £9¢ | 6VE | OCE | OI | 9I¢ | £4¢ | 225 | €82 | 062 | 682 | GIE | €2€ | 482 | 6v2 | €v2 | 922 | SL2 | 492 | 082 | 9v2 | ¥92 | 942 | 922 | 22 | 0Lz | 8G2 | 922 | b.Z | vl2 | viz | 292 | 082 | 082 | 082 | 8.2 | 0/2 [ 842 |08% | 9u€ | €9¢ | €9¢ | 242 | w22 | 222 | w22 | 022 | 022 |viz | 292 | €92 [0r2 ]| €22 | S92 | 22 | 102 06
O1F | 2ig | 992 | OVE | vbE | £GF | ¥6€ | 625 | 61¢ | 68¢ | 8¢¢ | G2¢ | £OF | 062 |OVE | BEE | J2F | ¥OE | OOF | €62 | L1 | 8.2 | 0.2 | 00 | £82 | 062 | 062 | 982 | 282 | S92 | 062 | ¥82 | 882 | 162 | 262 | €62 | 262 | €62 | 262 | ¥82 | G82 | 6/€ | 2J€ | 295 | G/E | 682 | 682 | S8 | 882 | 282 | 882 | 9892 | 162 | 822 | 062 | 962 | 262 | 6.2 | 652  %00!
WYadisluau| 09 | 66 | 85 | 46 | 95 | 6 | S | €6 | 25 | 1S |os |60 |8 | ib | ov | Sb | v | ev |2 | 1v | Ob |6c |8e |25 | 9¢ | oc | wve | ec | 2c [ of |62 |82 |42 |92 |se|ve|ge a1z oz 6t | el || o6 |8 Lo |6 | v]|e | @ [ 1 | auEg

29% OAH 1¥0d3d
i 34n9I4


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


@

FIGURE 15
REPORT HYD. 462

DISCHARGE -CUBIC FEET PER SECOND-PROTOTYPE

DISCHARGE -CUBIC FEET PER SECOND~-PROTOTYPE
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GATE OPENING -% OF EFFECTIVE TRAVEL
A. ISLAND BEND RESERVOIR FULL-GEEHI POND FULL
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Isiond Bend Res. Fuli {3920}
) > 500
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to gate deducted //
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‘/ -7l THROTTLING GEEMI CONTROL GATE
- - /
N pid
0 bt e i ‘ o
o [ 20 30 30 50 50 70 30 30 T00

GATE OPENING -% OF EFFECTIVE TRAVEL

B. ISLAND BEND RESERVOIR FULL -GEEH!I POND EMPTY
Note : Discharge from 1:24 scale hydraulic model

ISLAND BEND GONTROL GATE
HEAD, DISCHARGE, AND BACK PRESSURE AT CONTROL GATE
RECOMMENDED DESIGN
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FIGURE 16
REPORT HYD. 462

o

GCOEFFICIENT OF DISCHARGE-Cy4

o7 608

06— 0.06 /

s So // 7

oat— o002 Ve //

03— %% 10 20 30 40 V4

0.2 7

"

ol /’
//
%G 10 20 30 40 50 60 70 80
GATE OPENING=- % OF EFFEGTIVE TRAVEL
[P —
AVZgH
Where Q discharge, cfs

A = area of gate body passage, just upstream
from leaf (8'-0"x 16'-0" prototype)

H = ho* hy-hy

ho = head at reference station in circular conduit
1 diameter upstream from transition to gate

hy = velocity head at reference station

h, = head in enlarged tunnel 100' downstream from

feaf (prototype)

Note: Data from 1:24 scale hydraulic model

ISLAND BEND CONTROL GATE
COEFFICIENT OF DISCHARGE VS GATE OPENING
RECOMMENDED DESIGN

100
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FIGURE |7
REPORT HYD. 462

GATE OPENING ~PERCENT OF EFFECTIVE TRAVEL
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H is total upstream head minus downstream pressure head

,and A is area of 9-0"x 16-0" gate frame,

F—s00
T —
ol |—ao00
~ —
—-300
—200

DISCHARGE — CUBIC FEET PER SEGCOND

COEFFIGIENT OF DISCHARGE, Gy, where Cg= z

[—a40

!

Note: Data from 1:24 scale model

ISLAND BEND CONTROL GATE

DISCHARGE ALINEMENT CHART
RECOMMENDED 9-0"x 16-0" GATE WITH RESTRICTED PASSAGE
1:19.2 SCALE, AIR- MODEL

ISLAND BEND RESERVOIR ELEV.—MINUS-28B8%0" TUNNEL FLOAT WELL WATER SURFACE ELEVATION-FEET OF WATER
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FIGURE i8
REPORT HYD.462

PROTOTYPE HEAD—FEET OF WATER

©w
i

PROTOTYPE HEAD
FEET OF WATER
s

PIEZOMETER 21 PIEZOMETER 22
A. 20% GATE OPENING

[ S e
96 EEE"E@EEEE EoiEEEE T
e e e e

B T R e o i e O e R B A

i
e

t
L
.
L
.

PIEZOMETER 16
T ’H | ]

e

AR LEFIE EeEras =
§ i bR §§Eﬁ§&au§a&?"’§?j§ﬁﬂmﬁﬂ
2 L e S R e B B R EEEEEHEE

PROTOTYPE HEAD - FEET OF WATER

PIEZOMETER 2! PIEZOMETER 22
B. 30% GATE OPENING

PIEZOMETER 7 PIEZOMETER I5

P R
E&EEEEEEEM
B B B R e R A
A e

FEE T e

g [

PIEZOMETER 2| PIEZOMETER 22 PIEZOMETER 33
C. 40% GATE OPENING

Note: Heads are for full Island Bend Reservoir, 30-foot back pressure.

ISLAND BEND CONTROL GATE
PRESSURE CELL RECORDS OF MOST NEGATIVE AND
MOST FLUCTUATING PRESSURES-RECOMMENDED DESIGN

iSLAND BEND FULL AND GEEHI EMPTY
1:24 SCALE HYDRAULIC MODEL
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FIGURE IS
REPORT HYD. 462

DOWNPULL ON LEAF - POUNDS

2

500,000

400,000

300000

200,000

100,000

T 1 T 1 200009
Max. approx. 442,000 lbs:,
_ _|#-Max. approx. 429,000 bs.
/ 400000 /TN [ 1 1
\ b4 ﬁ Island Bend Res. EI. 3920
\ E V8 Eucumbene Res. Ei. 3663
/ Vi
. 300 {
u, 300000 H—_Rbrupt rise due To
w | ropid decrease in leaf
- | battom pressures within
z | the slots as the leof maves
© y from 10% to 20% open. \
200,000
Island Bend Res. El. 3920 a | \
Geehi Pond empty & .
/ g K
/ \ o | \
O 100000 | N
/ I \\
{ N\
// o \
20 40 60 80 100 o 20 40 60 80 100

GATE OPENING - % OF EFFECTIVE TRAVEL

A,

ISLAND BEND GATE

GATE OPENING - % OF EFFECTIVE TRAVEL

B. EUCUMBENE GATE - SUBMERGED

Flow ta Geehi Flaw to Eucumbene
1,200,000
Head on gate assumed constant at 410 feet
1000,000 T
v

4 AN

800,000

600,000

Islond Bend Res. Ei. 3920

DOWNPULL ON GATE LEAF - POUNDS

400000 / Downstream Tunnel Empty \
/ \
200,000 |4
/
o
o 20 40 60 80 100
GATE OPENING - % OF EFFECTIVE TRAVEL
C. EUCUMBENE GATE - FREE DISCHARGE

Flaw to Eucumbene

Note: Computations based on pressure data from 1:24 scale hydraulic model

ISLAND BEND AND EUCUMBENE GCONTROL GATES
HYDRAULIC DOWNPULL FORGES ON THE GATE LEAF
RECOMMENDED DESIGN

#

GPO 837835
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