


CONTENTS

Summary .
Introduction . ¢ o ¢« ¢« ¢ ¢ o o o
The Model « « ¢ o ¢ ¢ ¢ o ¢ o o o
The Investigation . ¢« ¢« o« « ¢ ¢« &

Generﬂ . . ® o e e o o o °

Operation of the Preliminary Design

Spillway Pier Studies . . .

Right pler . . « ¢ ¢ ¢ « &
Ieft pler « ¢« ¢ ¢ ¢ ¢ ¢ o @

Transition Studies . « + ¢« o ©
Flow in Tunnels . . ¢« + o o &
Flip Bucket Studies . . « o
The Recommended Spillway . . «

Water Surface Profiles . . . .
Pressure Measurements

Erosion Studies . . . « + . &
Spillway Calibration . + « o »
Gate Operating Procedure . . .

Jeft Pler Studies . + ¢ ¢« & o o &

Location Map .
Plan of Yanhee Dam and Powerplant
Spillway Plan and Sections . . .
Model Layout . o« o o
The 1:77.37 Scale Model . . . « »

® o e o e o o e

e @ o o

] ° . a °

e

Flow Conditions for Preliminary Pier Design
and B

Flow Conditions for Left Piler Desigrs

Igft Pier DeBig’nS A'F ] . . ° L)
Left Pier Designs G-N . « « &
Recommended Left Pier .

Flow Conditions for Recommended Piers

Flovw in Preliminary Transition .

L] ° g

L] L] * .

¢ o o

Preliminary and Recommended Transitions

Flow Conditions in Tunnel Entrance Transitions

°

e o & o

e o o o

e o o o e o e o

e & e @ o o

Page

el el
FRRPOO WV VO OO OWVME FWRH

Table

Figure

O =1 AW £+


Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


CONTENTS--Continued

Flow Conditions Through Tunrel and Vertical Bend .

Flow Conditions for Preliminary Flip Buckets .

River Surface Drawdown Ct-ves for Various Buckets.

Flip Bucket-—Prelimingry ~ad Design A
Recommended Flip Bucket . . « « . .+ &
Flow Conditions for Recommended Buckets

Flow Conditions for Recommended Spillway

Water Surface Profiles « ¢+ ¢« o« « & « &
Trajectory of Spillway Flow . « « »

Pressures on Crest and Transition for Free

Erosion of River Bed . « ¢« ¢« ¢« ¢ o + &«
Head-discharge Curves . « « « o o o &

Flow from Recommended Buckets, One Tunnel Operating

Distribution of Flow with One Gate Open

ii

e o o
.

Flow
Pressures on Crest for Partial Gate Openinge . .

Figure

15
16
17
18
19
20
21
22
23
2L
25
26
27
28
29


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


PREFACE

Hydraulic model studies of the spiliway for Yanhee Dam,
Yanhee Project, Thailand, were conducted 1n the Hydrauliec Laboratory
of the Bureau of Reclamation at Denver, Colorado, during 1956.

The final plans, evolved from this study, were developed
through the cooperation of the staffs of the Dams Branch and the
Hydraulic Laboratory Branch. Messrs. Taweechal Mackaman, Chareuk
Nonthalhum, and Chamnan Pradisvanij, Civil Engineer trainees from
the Thailand Royal Irrigation Department, conducted the majority
of the tests, compiled the data, and assisted in analyzing the
results under the supervision of the Hydraulic Laboratory staff.
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UNITED STATES
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Division of Engineering Laboratories Compiled by: W. E. Wagner
Hydraulic Laboratory Branch Checked and

Hydraulic Structures and Equipment Section reviewed by: A. J. Peterka
Denver, Colorado J. W. Ball
June 24, 1957 Submitted by: H., M. Martin

Subject: Hydraulic model studies of Yanhee Dam spillway--Yanhee
Project, Thailand

SUMMARY

The hydraulic model studies discussed in this report were made
to evaluate the flow conditions in the approach channel, the character-
istics of the flow over the spillway crest, the flow distribution in the
transition and tunnels, and the geometry of the flow leaving the flip
buckets. The results and recommendations contained herein are based on
tests conducted on a 1:77.37 scale model of the spillway, Figure k.

- As a result of the model studies, the preliminary designs of
the right pier and the transition were modified to improve the flow
distribution at the spillway entrance and in the tunnels. Also, the
lips of the flip buckets were elevated and the right flip bucket was
moved farther downstream to better distribute the flow in the river
channel.

Flow in the approach channel wag satisfactory except in the
vicinity of the left pler where a depression in the water surface formed
and created a flow disturbance near the pier nose, Figure 6A and C.
Fourteen different designs of the left pier were tested, Figures 8, 9,
and 10. Several of the pier designs eliminated the flow disturbance and
raised the depressed water surface at the pier, Table 1, but the design
shown 1in Figure 10 gave the best hydraulic performance for the least
cost. The maximum depression of the water surface at the pier for
maximum discharge was reduced to 3 meters and the flow disturbance at
the pler was completely eliminated. Therefore, the design shown in
Figure 10 was recommended for c¢ounstruction in the field. PFigures 11 and
21A show the approach conditions in the vicinity of the recommended left
pier for discharges of 6,000 and 2,000 cms (212,000 and 71,000 cfs).

The flow distribution in the transition immediately downstreanm
from the spillway crest was, in general, satisfactory, Figure 12.
However, at the point where the tramsition jolned the inclined tapering
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tunnel, there was a tendency at all discharges for the flow to separate
from the tunnel walls and rise along the sides of the tuanel. At the
maximum discharge of 6,000 cms, fins of water crossed over the crown of
the tapered tunnel. To eliminate these undesirable flow characteristics,
the transition was modified by using a long radius curve to replace the
sharp intersection at the Jjunction of the transition and tapered tunnel,
Figure 13B. The modified transition improved the flow conditione in the
tunnel, Figures 1LA, 15, and 21C. Very thin fins of water formed at the
sides of the tunnel at near-maximum discharges but did not cross over
the crown of the tunnel.

The flow distribution in the vertical bend and horizontal
tunnel was excellent at all discharges, Figure 15B.

Minor changes in the location and shape of the flip buckets
were made to improve the distribution of the jets in the river channel.
The left bucket was moved 25 meters downstream from its preliminary
location, Figure 18, to distribute the flow from the two tunnels longi-
tudinally along the river channel. Also, the radius of both buckets was
increased from 25 to 36 meters and the bucket lips raised 2 meters from
elevation 142 to 14k (approximately) to clear the river water surface,
to provide more lateral spreading of the Jjets, and to steepen the jet
trajectories, Figures 18, 19, 20, and 21D. These changes reduced the
river surface drawdown at the powerhouse from 7.5 to 6.7 meters.

Extensive model data for the recommended spillway design were
obtained to aid in operating the structure. These data included
discharge capacity curves, Figure 27; water surface profiles, Figures 22
and 23; the river surface drawdown curve, Figure 17; and piezometric
pressures on the spillway crest and in the transition, Figures 24 and 25.

The model showed that certain gate combinations were best for
releasing flows through the spillway. All four radial gates should be
opened equal amounts.to obtain the best flow conditions in the tunnels,
in the buckets, and in the river channel. Satisfactory flow conditions
occurred in the tunnels and in the buckets when releases were made
through one tunnel, or with umequal flow in both tunnels, provided the
two gates controlling the flow to each tunnel vwere opened equal amounts.
Single gate operation produced poor flow conditions and should be
avoided except in emergencies.

INTRODUCTION
Yanhee Dam site is located on the main stem of the Ping River

about 50 kilometers (31 miles) upstream from Tak in the northwestern
part of Thailand, and approximately 420 kilometers (260 miles) north of
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Bangkok by air, Figure 1. A concrete arch type dam with a crest length
of approximately 470 meters (1,542 feet) and a height of 154 meters
{505 feest) above bedrock will impound a reservoir having a maximum
water surface area of 3 million square meters (116 square miles) and a
cepacity of 12,200 miliion cubic meters (9,890,000 acre-feet).

The primary purpose of the multipurpose Yanhee Project is to
produce power for use in the main population centers of Bangkok and
Thonburi, and in 33 other changwads (Government provinces) of central
and northern Thailand. Also, the dam and reservoir will provide a
means for flood control, increased irrigation, and improved navigation
along the Ping and Chao Phaya Rivers.

Power from the associated powerplant, with an ultimate
installed capacity of 560,000 kilowatts, will be made available to 35
changwads by means of a transmission grid throughout central and
northern Thailand. The project will also provide water for dry season
irrigation of 2,300,000 rais (920,000 acres) of the Chao Phaya Project
and make possible the development of 800,000 rais (320,000 acres) of
new lands.

The spillway was designed for a maximum discharge of 6,000
cubic meters per second (212,000 second-feet) which will be controlled
by b radial gates, each 11 meters wide by 17.k meters high (36 by 57
feet). Water will spill over the concrete overflow crest, Ll meters
(144 feet) in length, into two concrete-lined tunnels 375 meters
21,230 feet) and 396 meters (1,300 feet) in length and 11.3 meters

37 feet) in diameter, Figures 2 and 3. The spillway tunnels will
discharge into the river channel, where the erosive effect of the
floodwater will be minimized by flip buckets at the dcwnstream ends of
the tunnels.

HYydraulic model studies were conducted to investigate the
approach conditions to the spillwey, the flow characteristics of the
spillway overflow section and tunnels, and the effect of the spillwey
flow on the downstream river channel.

THE MODEL

The model, constructed to a geometrical scale of 1:77.37,
included a head box and tail box connected by the two spillway tunnels,
Figure 4. Both head box and tail box were constructed of wood and
lined with sheet metal. The spillway tunnels were constructed of
transparent plastic to permit observation of the flow through the
tunnels. :
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The head box contained the portion of the reservoir and
topography for a distance of 165 meters upstream from the spillway
crest. The topography was reproduced in the head box by placing a
thin layer of mortar over metal lath tacked to wooden contours. The
overflow crest section upstream from the tunnel portals was reproduced
in concrete finished to a smooth surface using metal templates as -
guides. The spillway piers were made from wood, and the radial gates
were shaped in sheet metal. Plezometers were placed in the overflow
section and in the left transition and tunnel to study the pressure
distribution in the structure.

The tail box contained the downstream tunnel portals, the
flip buckets, and the river channel and adjacent topography for a
distance of 550 meters downstream from the flip buckets. As in the
head box, the topography was reproduced by placing a thin layer of
mortar over metal lath and wooden contours, Figure 5A. To study the
erosive effects of the spillway flow, the downstream river channel
was molded in loose sand having a mean diameter of approximstely 1 mm.

Water was supplied to the model by a centrifugal pump and
measured by venturl meters which had been accurately calibrated in the
laboratory. The completed model is shown in Figure 5B.

THE INVESTIGATION
General

The spillway studies concerned the entrance conditions to
the spillway, the distribution of flow in the tunnels, the performance
of the flip buckets, and the action of the flow as it entered the
downstream river channel. 1In general, the investigation was conducted
by first studying and modifying the upstream reaches of the spillway
and then making detailed studies of the downstream portions of the
structure. Thus, adverse flow conditions in the spillway entrance were
corrected before extensive studies of the spillway tunnels or flip
buckets were undertaken.

Although the model was operated through the entire range of
discharges, most of the development studies were conducted using the
normal maximum discharge of 2,000 cms and the maximum design discharge
of 6,000 ems (70,700 and 212,000 second-feet, respectively). These
discharges vere considered sufficient to show that performance was
satisfactory at all flows.
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Operation of the Preliminary Design

In general, the operation of the preliminary design was
satisfactory. However, it seemed desirable to make refinements in the
spillway approach near the left pier and in the transitions downstream
from the spillway crest. The reservolr topography and the spillway
approach channel are such that the flow approaches the spillway in
almost a direct line, Figure 2. However, for discharges near the
maximum, some of the flow entered the spillway channel from the left
along the upstream face of the arch dam, and caused a flow disturbance
and depressed water surface at the left pler, Figure 6A and C.

The flow conditions at the right pier were very good at all
discharges; the water surface between the piers in the right tunnel
was comparatively level and a slight flow disturbance occurred at the
right pler only at the maximum discharge, Figure 6A.

In general, the flow distribution in the tunnel entrance
transitions was satisfactory, Figure 12. Flow conditions were similar
for both tunnels and the water surfaces were comparatively level st
corresponding cross sections within the transitions. The curvature of
the water surface through each transition was approximately the same as
the curvature of the tumnel invert indicating a uniform depth of flow.
At the junction of the transition and the inclined tapered tunnel,
however, the flow tended to separate from the tunnel side walls and
there was an appreciable drop in the water surface which, when viewed
from the side of the tunnel, gave a "humped" appearance of the water -
surface entering the tapered section, Figure 12A. This humped water
surface occurred only at the sides of the tunnel; the water surface in
the center of the tunnel curved uniformly downward. Although the two
"tunnels were identical, the humped water surface was more pronounced in
the left tunnel where fins of water formed and crossed over the crown
of the tapered tunnel at maximum discharge. The fins of water also
were evident to a lesser degree in both tunnels for the lower range of
discharges, Figure 12B.

The distribution of flow in the vertical bend and in the
horizontal section of each tunnel was excellent, Figure 15. The radius
of the vertical bend was ample as evidenced by the comparatively level
water surface at any section in the bend and in the downstream tunnel.

Excellent flow distribution was also evident in the flip
buckets near the downstream portals of the tunnels. On leaving the
buckets, the jets spread adequately, even to the extent of striking
the l/h:l slope of the rock cut at the right of the flip buckets,
Figure 16. The trajectories of the jets were comparatively flat, and
8 slow eddy which caused no objectionable flow problems formed in the
river channel on the left side of the Jjets.
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Spillway Pler Studies

‘Right pier. The flow distribution in the vicinity of the
right pler was very good and only a small unobjectionable flow disturb-
ance was observed on the right side of the approach cheannel, Figure 6A.
Therefore, no modifications to the right pier were made.

Left pler. Because of the proximity of the arch dam at the
left of the splllway entrance, Figure 2, part of the flow turned
abruptly through an angle of about 90° to enter the spillway crest
section. The sharp turn caused an undesirable flow disturbance at the
left pler, Figure 6C. The unsightly flow disturbance, in addition to
reducing the discharge coefficient of the spillway, caused ar uneven
flow distribution in the left spillway transition and tunnel. Explora-
tory testing indicated that a large curved pler extending into the
reservoir was necessary to reduce the flow disturbance, Figure T.

Extensive testing, using 14 different designs, was undertaken
. to eliminate the flow disturbance at the left pier and improve the flow
distribution in the tunnels. The first five designs, Designs B through
F, Figure 8, vere curved walls of various shapes and lengths extending -
into the reservoir. In general, the flow disturbance near the crest
was gliminated, but a smaller flow disturbance occurred at the upstream
end of the walls except Design B which was elliptical in general shape.
This wall produced good flow conditions and completely eliminated the
flow disturbance, Figure TB. Testing was continued, however, to reduce
the wall length and refine the design.

Wall Designs G through N, forming smaller elliptical or
parabolic piers, Figure 9, approximated the shape of Design B. Each
of these designs eliminated the flow disturbance and were evaluated
by measuring the amount of the water surface depression along the
inside face of the pier. The depression was measured as the maximum
vertical distance in meters between the reservoir surface and the
depressed water surface along the face of the pier for the maximum
discharge of 6,000 cms.

The maximum depression for Designs G, H, J, and K was 6.1,
5.3, 5.0,.and 4.5 meters, respectively. The depression measured with
the elliptical shapes of Designs G anrd H vwere slightly larger than
the parabolic shapes of Designs J and K. To further reduce the size
of the left pler and alleviate the depressed water surface, pier
shapes having elliptical or parabolic inside faces and small circular
arcs on the outside faces were tested, Designs L, M, and N, Figure 9.
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Designs L and M, having elliptical inside faces, reduced the
depression to 3.6 and 3.8 meters, respectively. Design L, which had a
3-meter circular arc on the outside face, gave a fairly good flow
pattern with no flow disturbance along the pier face. The l-méter
circular arec on Design M was insufficient to provide smooth flow
around the pier nose and a slight flow disturbance was observed at the
pier nose.

From the above tests, it appeared that an intermediate
circular arc would provide sufficient curvature at the pier nose and
that a parabolic inside face would be less blunt and provide a more
gradual change in direction than the elliptical shaped piers. Therefore,
Design N included a 2-meter circular arc and a parabolic curve joining
the circular arc with the training wall, Figure 9. The flow pattern
along the face of Pler Design N was very good; however, there was a
small flow disturbance at the break in curvature where the parabolic
curve Jjoined the training wall.

In the recommended pier design, the break in curvature was
eliminated by placing a 1O0-meter radius circular arc tangent to the
parabolic curve and the training wall, Figure 10. The flow was smooth
and appesred to accelerate uniformly with no flow disturbances along
the face of the pier, Figure 11C. The maximum depression was 3.0
meters and occurred well upstream from the spillway crest. A summary
of the left pier studies is given in Table 1.

Although the recommended pier improved the flow distribution
in the tunnel transitions, the flow still tended to climb the sides of
the tunnels. Thus, the undesirable flow distribution in the transitions
was not entirely due to the poor approach conditions observed at the
left pier during the preliminary studies. It was decided that modifi-
cation of the transitions would be required to improve the flow
distribution in the tunnels.

Transition Studies

The humped water surface and the tendency for the flow to
separate at the junction of the transition and the circular tunnel
noted for near-meximum flows during the pier studies, Figure 12A, were
also observed at intermediate discharges both for free flow and partial
gate openings, Figure 12B. The tendency for flow separation and the
"humping" of the water surface were reduced slightly by installing the
recomnended left pier. That the adverse flow conditions in the
transition were a result of the transition shape and not primarily due
to the poor approach conditions in the vicinity of the left pier was
demonstrated by placing a long wall, projecting about one hundred meters
into the reservoir, along the left side of the spillway approach.
Although the lengthy wall provided ideal approach conditioms, it did
not eliminate the adverse flow distribution in the transitionmns.
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A study of the preliminary design transition, Figure 13,
indicated a possible solution to the problem. The boundary formed by
the sides of the transition had an abrupt change in alinement where
the transition joined the circular tunnel, Figure 13A. It appeared -
‘that replacing the abrupt change in alinement in the boundary with a
smooth curve would cause the flow to follow the boundary and reduce
-~ or eliminate the humped water surface. The transitions were modified
by using a circular arc, with a radius of 16k meters, to form a
smooth curve at the sides where the transitions Joined the tapered
tunnels, Figure 13B.

The flow conditions in the modified transitions were
improved. No tendency for the flow to separate from the tunnel side
valls was observed, and the humped water surface was only slightly
evident at meximum discharge, Figure 1kA. Very thin fins of water
formed at the sides and rose toward the crowns of the tunnels. The
fins of water had little thickness and did not cross over the crowns
of the tunnels so were not considered obJectional.

Other minor modifications to the spillway approach and piers
were studied in an attempt to further improve the flow conditions in
the “ransition, but none of these modifications reduced the height of
the fins. One modification reduced the length of the piers which
extended downstream into the tunnel transitions. Figure 14B shows
the flow conditions in the transition with the center pler in the left -
tunnel shortened sbout 2 meters at the tunnel invert. This change
caused the fins of water to rise higher on the sides of the tunnel and
created an additional fin in the center of the tunnel downstream from
the pier. Therefore, the shortened pier was not considered acceptable

and the center piers shown in the preliminary design were proposed for
the prototype. '

It became apparent that major changes in the transition
shape, such as increasing the transition length, would be necessary to
completely eliminate the fins at the sides of the tunnels. Because the
fins of water did not cross over the crown of the tunnel at any
discharge, and because they became smaller in height as the discharge
decreased, the modified tramnsition design shown in Figure 13B was
considered adequate and was recommended for construction.

Flow in Tunnels

The flow distribution in the tunnels downstream from the
_transitions was excellent for all discharges, as evidenced by the
comperatively level water surface at any cross section in the vertical
bends and in the horizontal tunnels, Figure 15. Therefore, no changes
vere deemed necessary in these portions of the spillway.
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Flip Bucket Studies

The distribution of flow in the preliminary flip buckets was
excellent as shown by the uniform thickness of the Jets leaving the
buckets, Figure 16B and C. The jets on leaving the flip buckets
appeared to spread adequately, and there was no obJjectionable interfer-
ence between the two jets which joined near the high point of the
trajectories. However, the edge of the right jet struck the l/h:l
slope of the excavated channel and could not continue to spread
laterally. Also, an unstable flow condition occurred at intermediate
discharges. The water surface in the river was higher than the bucket
lips and the excavated channels downstream were alternately filled
with water and swept out in arhythmic motion. The trajectories of the
Jets were comparatively flat and caused a considerable lowering of the
water surface in the tailrace of the powerhouse. At the maximum
discharge of 6,000 cms, the drawdown was 7.5 meters (2L4.5 feet),

Figure 17. In thies study drawdown 1s defined as the difference in
elevation between the water surface at the powerhouse tailrace and in
the river channel about 500 meters downstream from the flip buckets.

To prevent the right jet from striking the l/h:lAslope of
the excavated channel, the right bucket was moved 25 meters downstream
from its preliminary location, Deslign A, Figure 18. This change
permitted the right jet to spread laterally and strike a wider portion
of the river channel. It also separated the areas of impact of the
two jets and spread the spillway flow over a longer reach of the river.
The drawdown of 7.2 meters at maximum discharge was only slightly less
than the 7.5 meters observed with the preliminary design, Figure 17.

It was desirable to reduce this drawdown in the powerhouse
tailrace and this could be done by steepening the trajectories of the
jets. The radius for the buckets was therefore increased from 25 to
36 meters and the bucket lips were raised from elevation 142 to 1hb,
Figures 18 and 19. This change raised the bucket lips above the water
surface in the river channel and eliminated the unstable flow condi-
tions observed with the preliminary buckets. The jet trajectories
were slightly steeper and the drawdown was reduced to 6.7 meters,
recommended design, Figure 17. Also, the lateral spread of the Jjets
was greater than the spread observed in the preliminary design,

Figure 20. There were no objectionable return eddies along the sides
of the river channel.

THE RECOMMENDED SPILLWAY

The recommended spillway, including the final left pier
design, Figure 10, the modified transition, Figure 13B, and the
modified flip bucket, Figure 19, is shown in Figure 3. The operation.
of the recommended spillway at discharges of 2,000 and 6,000 cms is
shown in Figures 11, 15, 20, and 21.
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Considerable model data were obtained from the recommended
spillway to predict the performance of the prototype structure and to
determine the best operating procedures.

Water Surface Profiles

Profiles of the water surface at each of the five piers and
in the left spillway tunnel were obtained for total discharges of
2,000 ‘and 6,000 cms through both tunnels, Figure 22. The water surface
profiles show the amount the water surface was depressed at the piers
and the uniform distribution of flow in the tunnels. Figure 23 shows
the geometry of the spillway flow downstream from the flip buckets.

Pressure Measurements

Piezometers were installed in critical regions of the
spillway crest and in the left tunnel transition to make certain that
the shapes of the crest and transition were hydraulically sstisfactory.
Pressures were observed for free flow at discharges of 2,000 and 6,000
cms with equal flow in both tunnels, Figure 24, and for partial gate
openings of 2, 4, 8, and 12 meters with the reservoir surface at
maximum elevation, Figure 25.

For free flow, the pressures on the spillway crest and on
the invert of the transition were above atmospheric for discharges of
2,000 and 6,000 cms. The lowest pressure observed on the spillway
crest was 1.8 meters below atmospheric at Piezometer 8 for a L-meter
gate opening, Figure 25. Subatmospheric pressures of about O.7 meter
were also observed at Piezometer 8 for 2- and 8-meter gate openings.
The pressures along the base of the left training wall (Piezometers
17-20) were above atmospheric except for the 2-meter gate opening when
pressures ranging from 0.3 to 0.5 meter below atmospheric were observed.

The lowest observed pressure on the transition invert
occurred at Piezometer 40 near the downstream end of the transition
and was 0.6 meter above atmospheric at the maximum discharge of
6,000 cms, Figure 24. However, subatmospheric pressures were observed
at Piezometers 27 and 28 on the left side of the transition, and at
Piezometer 34 in the corner formed by the invert and left side of the
transition, Figure 2L4. The lowest observed pressure was 2.8 meters
below atmospheric at Piezometer 28. Although the pressure at
Piezometer 28 is comparatively low, it is well above the cavitation
renge. None of the subatmospheric pressures were considered critical.

10
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Erosion Studies

To help evaluate the hydraulic performance of the preliminary -
and recommended spillway design, erosion tests were made with each
design at the maximum discharge of 6,000 cms, Figure 26. In each case,
the model was operated for a time period of 1—1/2 hours, which was
equal to about 13 hours of prototype operation. A direct comparison
between the two designs cannot be made because the sand level in the
river channel was at elevation 136 meters before the preliminary design
test, and at elevation 128 before the recommended design test. However,
the eroded area upstream from the flip buckets is considerably smaller
for the recommended design. A large, shallow scour pocket formed
downstream from the flip buckets near the right riverbank when the
recommended design was installed indicating a better lateral spreading
of the jets from the buckets.

It should be noted that the model erosion tests are only
qualitative. They predict only where erosion might occur and not the
erosion depth which might be expected in the prototype.’

Spillway Calibration

Spillway rating curves showing the relation of reservoir
elevation and discharge for free flow and partial gate openings were
determined from model data, Figure 27. The curves for free flow and
for gate openings of 2-meter increments were determined by calibration
tests, while the intermediate gate openings were determined by '
interpolation and spot-check calibration tests. The gate opening was
measured as the difference in elevation between the spillway crest and
the bottom of the gate.

The spillway coefficient curve for free flow was plotted
against reservoir elevation, Figure 27. "C" was computed from the
equation, Q = CLE3/2, for both metric and English systems. In this
equation Q is the discharge in cms or cfs, C is the coefficient of
discharge, L is the length of crest between piers in meters or feet,
and H is the head above the crest in meters or feet. A coefficient C,
of 1.98 (metric) and 3.44 (English) occurred at the maximum reservoir
elevation 260.5. -

Gate Operating Procedure

The model tests showed that the best flow distribution
occurred in the river channel when the spillway flow was released
through both tunnels with all gates opened equal amounts, Figures 20B
and 21B. The flow spread over about two-thirds of the river channel,
and side eddies were at a minimum. Likewise, good flow distribution
occurred in the river channel when discharges less than 3,000 cms were

11
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released through either tunnel, if the pair of tunnel gates controlling
the flow were opened equal amounts, Figure 28. The spillway flow with
either one of the tunnels operating covered about half of the river
channel; side eddies were not objectionable. However, if releases are
made through one gate, poor flow distribution will occur in the tunnel
and flip bucket, Figure 29. Part of the flow will spiral over the
crown of the tunnel and concentrate on one side of the flip bucket.

For best performance of the spillway, it is recommended that
flows be released through both tunnels with all gates equally open.
Flows also may be released through one tunnel if the two gates
controlling the flow to that tunnel are opened equal amounts. Operation
of either spillway tunnel with unequal gate openings should be avoided
and used only in emergencies.

12
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Taeble 1

LEFT PIER STUDIES

Pier :Depression* Remarks
Prelim :Not :Flow disturbance at pier
design: measured :
B :Not :Fairly good flow pattern
: measured : '
¢ *Not :
: :Flow disturbance at upstream end of curved wall
D . measured .
E :Not sFlow disturbance at sloping top of wall
: measured :
F sNot tInsufficient curvature at pier nose
: neasured :
G 6.1) : . ’
: ) :Curvature too great in vicinity of pier nose
H 5.3)
J 5.0)
: ) :Flow disturbance where parabola joins training wall
K L.5)
L 3.6 :Good flow pattern
M 3.8 :Slight disturbance at pier nose
N :Not sFlow disturbance where parabols Jjoins training wall
¢ measured :
Recom : 3.0 ;Very good flow pattern
design: :

*Maximum vertical distance in meters between the reservoir
elevation and the depressed water surface along the face of the pier
at the meximum discharge of 6,000 cms.
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FIGURE 2
REPORT HYD. 428
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FIGURE 3
REPORT HYD. 428
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FIGURE 4
REPORT HYD.4268
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Figure 5
Report Hyd-428

A. Placing topography in tail box.

B. The completed model,

YANHEE DAM SPILLWAY
The 1:77.37 Scale Model
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Figure 6
Report Hyd-428

A. Flow entering spillway.

B. Preliminary left pier. C. Flow disturbance at left pier.

YANHEE DAM SPILLWAY
Flow Conditions for Preliminary Pier Desi
Maximum Discharge = 6000 CMS
1:77.37 Scale Model
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Figure 7
Report Hyd-428

A. Modified left pier nose and flow disturbance -
Design A,

B. Design B.

YANHEE DAM SPILLWAY
Flow Conditions for Left Pier Designs A and B
Maximum Discharge = 6000 CMS
1:77.37 Scale Model
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FIGURE 8
REPORT HYD. 428
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FIGURE 10
REPORT HYD 428
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A. General approach conditions.

B. Spillway entrance.

C. Flow at piers.

YANHEE DAM SPILLWAY
Flow Conditions for Recommended Piers
Maximum Discharge = 6000 CMS
1:77.37 Scale Model

Figure 11
Report Hyd-428
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Figure 12
Report Hyd-428

A. Maximum discharge= 6000 CMS.
Note hump in water surface at
downstream end of transition.

B. Discharge = 2000 CMS. Gates
partially closed at maximum
reservoir elevation.

YANHEE DAM SPILLWAY
Flow Conditions in Preliminary Transition
1:77.37 Scale Model
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FIGURE 13
REPORT HYD. 428
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A. Recommended transition in left tunnel
and preliminary transition in right
tunnel. Note absence of fin of water
in right tunnel.

B. Center pier in left tunnel shortened 2
meters. Note increase in height of

fin.
YANHEE DAM SPILLWAY
Flow Conditions in Tunnel Entrance Transitions

Maximum Discharge = 6000 CMS
1:77.37 Scale Model

Figure 14
Report Hyd-428
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Figure 15
Report Hyd-428

A. Flow through tunnels. Recommended
transition in left tunnel and preliminary
transition in right tunnel.

s

B. Flow in vertical bend.

YANHEE DAM SPILLWAY
Flow Conditions Through Tunnels and Vertical Bend
Maximum Discharge = 6000 CMS Recommended Design
1:77.37 Scale Model
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A. Preliminary flip buckets.

B. Flow leaving buckets.

C. Note right jet striking 1/4:1 slope.

YANHEE DAM SPILLWAY
Flow Conditions for Preliminary Flip Buckets
Maximum Discharge = 6000 CMS
1:77.37 Scale Model

Figure 16
Report Hyd-428
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FIGURE 7

REPORT HYD.428,
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A. Recommended flip buckets.

B. Flow leaving buckets

YANHEE DAM SPILLWAY

. Flow Conditions for Recommended Buckets

Maximum Discharge = 6000 CMS
1:77.37 Scale Model

Figure 20
Report Hyd-428
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Figure 21
Report Hyd-428

B. Flow leaving buckets.

A. Flow entering spillway.

D. Flow leaving buckets.

C. Flow in spillway tunnels.

YANHEE DAM SPILLWAY
Flow Conditions for Recommended Spillway
Discharge = 2000 CMS
Gates Clear of Water Surface
1:77.37 Scale Model
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Figure 26
Report Hyd-428

A. Preliminary bucket design. Sand
elevation before test was 136 m.

B. Recommended bucket design. Sand
elevation before test was 128 m.

YANHEE DAMP SPILLWAY
Erosion of Riverbed
Model Operated 1-1/2 Hours at Maximum Discharge of 6000 CMS
1:77.37 Scale Model
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Figure 28
Report Hyd-428

A. Flow leaving left bucket.

B. Flow leaving right bucket.

YANHEE DAM SPILLWAY
Flow from Recommended Buckets, One Tunnel Operating
Discharge = 3000 CMS at Maximum Reservoir Elevation
Gates Clear of Water Surface
1:77.37 Scale Model
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Figure 29
Report Hyd-428

Flow in tunnel.

Flow in bucket

A, Extreme right gate B. Second from right
open - other gates gate open - other
closed. gates closed.

YANHEE DAM SPILLWAY
Distribution of Flow With One Gate Open
Recommended Design. Discharge = 1500 CMS
1:77.37 Scale Model
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