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INTRODUCTION
The Daule River in Ecuador is the main waterway along the eastern slope of the Andes
Mountains. The river basin extends from high in the mountains to the mouth of the river

near Guayaquil, where the waters enter the Pacific Ocean.

The Dﬁ’ule-Peripa Dam will be located on the Daule River approximately 160 km up-

~ stream of Guayaquil, Ecuador. The dam is being constructed by the CEDEGE (Comi-

sion de Estudios para el Desarrollo de la Cuenca del Rio Guayas) and financed by the
Ecuadorian Covernment. The designer of the project was TAMS (Tippetis-Abbett-
McCarthy-Stratton), of New York and Guayaquil. The Bureau of Reclamation was con-
tacted by the CEDEGE consultanis to perform a model study of the D_aulg-l’eripa Dam,

spillway, and outlet works.

The Daule-Peripa Project consists of an earthfill dam with a spillway, outlet works, and
powerplant. Figure 1 shows the location of the spillway, outlet works, and powerplant.
The dam will be 90 m high, with water flowing over a radial gate-controlled crest atop a
59-m-wide, 387-m-long spillway chute, and discharging into a 124-m-long stilling basin.
Two 9-m-diameter concrete-lined tunnels located to the right of the spillway will be used

to divert the river during construction. Intakes for the permanent outlet works and

- powerplant will be added to the tunnels after diversion is complete (figs. 2 and 3).

The project’s main objectives will be to provide flood éontro], irrigation, and hydro-

" power, and to maintain. the vital transportation route of the river,

RESULTS

The results of the spillway tests (1:80 scale model) are:
A. The proposed excavation in the approach channel approximately 500 m upstream
of the spillway crest is not necessary. The natural topography in this area did not cause
any disturbanceé in the épproach flow throughout the discharge range studied.



B. The excavated area upstream of the dam embankment adjacent to the right side

of the spillway caused turbu]enée, undesirable swirling 'action; and unequal flow. dis--

tribution into the right spillway bay. When this area was restored to closely approx-
‘imate the natural topography, the turbulence was eliminated and the flow distribution

improved.

C. Flow impinged on the right trunnion pin in the i'ight Bay when the discharge

reached 2600 m%s at reservoir EL 85.49. This is due to a slightly larger quantity of |

flow through this bay. However, as the discharge increases, the trunnions in all bays

eventually become submerged.

D. The spillway piers .weré shortened to STA 1+ 14.0, just downstream of the trun-

nion supports, with no adverse effect on the flow distribution. The ends of the piers

were not streamlined.

E. The spillway crest has a discharge coefficient of 2.000 at the maximum discharge

head. The spillway will pass a free-flow discharge of 2300 m®s at reservoir EL 85 and

a discharge of 3750 m%s at reservoir EL 88,

F. A comparative analysis of the Daule-Peripa crest shape with similar crests
studied in previous laboratory investigations indicated that subatmospheric pressures

on the crest surface would not exist.

- G. For two-gate operation and discharges up to 1000 m¥%s, the best flow patterns
along the chute occurred with the center gate closed. The other gate combina-
tions—the left or right gate closed—also produced satisfdctory flow distribution. If it
is necessary under two-gate operation to increase the discharge to 2000 m%s, only the
right-gate shou]dv be closed; when either of the other gates' are closed‘, the chute

sidewalls are overtopped.

. ‘



Total _ Spillway gates
dischafge, Q Left Center | Right
(m*/s) : , ~
1000 Open Closed Open
1000 Closed Open | Open -
1000 Open Open Closed
2000 Open - Open Closed

H. Using the tailwater curve shown in figure 4, the stilling basin formed an efficient

‘hydraulic jump with adequate energy dissipation for discharges up to 2300 ms.

Above this discharge and tailwater EL 35, the stilling basin was adequate; however,

weir flow occurred over the training walls of the stilling basin. The weir flow over the

basin training walls did not produce subatmospheric pressures or pressure fluctuations

great enough to endanger the stability of the walls. The effects of the weir flow should

be minimal, provided the walls were designed for full hydrostatic pressure.

I The Yélocities downstream of the spillway stilling basin were all below the design
value of 5.0 m/s, with the exception of three instantaneous values (about 6.4 mks) at a
discharge of 3600 m*s. At the end of the stilling basin apron, the velocities were lower

along the centerline and increased on either side of the centerline.

J. The channel below the spillway was formed using a sand-cement mixture to repre-

sent a weak sandstone material. Erosion occurred at the left toe of the spillway apron

and continued for 12 m downstream causing minor undermining of the left bank in

this area. The undermining of the bank was accompanied by wave action at the water

 surface which also contributed to the bank erosion. The eroded area extended to ap-

~ proximately 24.4 m downstream of the apron.



The eroded material was deposited in three places. For discharges up‘ to 1500 m?s,
the eroded material was alternately drawn .up onto thé apron wherer it collected imme-
diately downstream of the end sill and eventually moved out. Material eroded by the
higher discharges remained on the apron. The eroded material formed a 2- to
3-m-high bar across the river channel at STA 14 684.0. at all discharges. When the
tailwater elevation was above 34 m, eroded material was deposited behind the left
spillway training wall from STA 1+ 434.5 to STA1+ 448.67.

K. Cantatlon potential along the spillway chute was analyzed using a computer pro-
gram. Extreme care should be used on the surface finish from STA1+400 to
STA1+60.0 and on the vertical curve transition from the chute to the stilling basin.
Offsets greater than 3 mm high should be ground to a 1:10 chamfer. In the remainder
of the chute, the program indicated offsets of 10 mm were permissible before incipient

cavitation occurred.
The results of outlet works tests (1:50.62 scale model) are:

A. The uncontrolled diversion flow for both tunnels was studied. At reservoir EL 30,
the discharge capacity was 593.6 m%s; neither tunnel intake was submerged. At reser-
voir EL 40 and 53, the discharge capacity was 1472,7 and 2007.9 m?s, llespectively;.
~ the intakes were submerged and both tunnels flowed full. At reservoir EL 40, vbrtices
formed over the entrances of both tunnels. The vortex over tﬁnnc] No. 1 was very per-
sistent, with the vortex at tunnel No. 2 smaller and weaker. No vortex formed over the
1ntake of either tunnel with the reservoir at EL 53; however, a dimple formed on the

water surface above tunnel No. 1 indicating a vortex may. form in the prototype.

B. The permanent gatecontrolled outlet works (tunnel No. l)‘ at one-half, three-
fourths, and fully open, without powerplant operation, produced discharges of 190,
310, and 422 m%s, respectively, at reservoir EL 85. With powerplant in operation, the
| discharges were 190, 297, and 399 m%s, respectively. The prototype discharges should



be slightly higher because the model intake did not include the selective withdrawal

tower or the bellmouth entrances.

C. The tunnel bends, under all operating conditions, produced no adverse flow dis-

tribution or subatmospheric pressures.

D. The stilling basins provided adequate energy dissipation for all discharges as

_indicated by low velocities and the absence of erosion in the downstream channel.

E. The penstock bellmouth' intake (tunnel No. 2) was tested .at a discharge of
250 m®s both with and without the trashrack ‘structure. Without the trashrack struc-
ture, vortices were larger and more consistent at the lower elevations of 60, 65, and
70 m.” With the trashrack structure in place over the bellmouth entrance, the vortices
were present only at reservoir EL 60 and 65. When the water surface was above the
top of the trashrack structure, the vortices were suppressed. At a discharge of

100 m%s, no vortices were present at the reservoir elevations tested.

F. The powerplant operating alone or simultaneously with the outlet works caused

no erosion problems in the riverbed downstream of the structure.

THE MODELS

The study utilized two separate models. The 1:80 scale spillway model and the 1:50.62

scale outlet works model are shown on figure 5.

The spillway headhox included 650 m of upstream reservoir area; the tailbox included
1100 m downstream from the dam. The reservoir topography was made using concrete;

the downstream channel and topography formed using a sand-cement mixture which ap-

- proximated the erodibility of the prototype area. The erodible topography was formed

using templates of the river cross sections. The hydraulic structures included the spillway



crest with piers and gates, the spillway chute and stﬂiing basin, the outlet works stilling

basins, and the powerplant.

The control crest was 59 m wide with three 17-m bays separated by 4-m-wide plers The

crest and piers were constructed of high-density polyurethane foam.

The three radial control gates were made of metal with rubber seals. The spillway chute
sloped (0.5375 percent) to a vertical curve, which formed the transition to the stilling

basin.. The trapezoidal cross section of the stilling basin had 10:1 side walls and was

124 m long. The basin floor had a sloping‘section at the base of the vertical curve ending

on the flat bottom of the basin with a 6.5-m-high sill located at STA 1+498.0. The apron
and sidewalls extended an additional 55 m downstream. Both the outlet works stilling
basins and the powerplant were included. The stilling basins were included downstream
of the transitions to the sills, with 33.0-m-long aprons downstream of the sills. The
powerplant included the tailrace structure. These structures were all constructed df ply-
wood. Water was supplied to the permanent outlet works and the powerplant through

two pipes connected to the headbox reservoir.

The 1:50.62 scale model of the outlet works coﬁsisted of a separate headbox and tailbox
joined by the outlet works and powerplant tunnels. The headbox included 160 m of
upstream reservoir topography formed using concrete. The hydraulic structures in - the
headbox included both diversion intakes. These intakes were subéequently- replaced with
a modified selective withdrawal tower intake for the permanent outlet works of tunnel
No. 1 and a bellmouth intake for powerplant éenstock tunnel No. 2. These intake étruc-
tures were formed of acrylic plastic and high-density po]yureth.ane with the bellmouth
portion of the powerplant intake constructed of sheet metal. The 9.0-m outlet tunnels
were both constructed of acrylic plastic pipe with the radius of curvature of the pipe
‘bends equal to 180 m. A subsequent modification to the radius of curvature of the power-
plant tunnel was not tested as it was ‘not received until after completion of construction
" and the radius had been increased, lessening the severity bf-, the bend. The tunnels

entered the tailbox at their respective portal stations. The transition structures from both



tunnels to trapezoidal stilling basins were formed with sheet metal and the warped sur-
faces shaped using concrete. The tailbox included the outlet works stilling basins, with a
short length of the spillway apron downstream of the stilling basin to the left, and the
powerplant to the right. The powerplant was oriented at an angle of 30° with respect to
STA 1+550.0 of tunnel No. 2 (fig. 1). The riverbed in this model was also constmcted of

a sand-cement mixture to represent the weak sandstone material.

The tailwater in both models was set by using wheel-operated tailgates. Water was sup-

plied to both models by the laboratory venturi system.

Similitude and Test Discharges

Both . models were rconstructed to linear scales determined by Froude relationships. The

model variables were computed as follows:

Model discharge () = st) Q,

rd

Model velocity () = (N105) Vo

where: N = 80 for the épillway model
N = 50.62 for the outlet works model

For instance, a spillway prototype discharge, @, of 2000 m?%s, produced a model dis-
charge, @ of 0.03494 m%s, computed as follows:

3
Q. = (80)252000) 0.03494 m¥s

- For the spillway, test diséharges were 1000, 1500, and 2000 m%s under gate control with

a reservoir elevation of 85 m. For the test discharges of 2500, 3000, and 3600 m%s (with-

out gate control); the reservoir elevations were 85.5, 86.5, and 87.75 m, respectively.



The erosion tests were run on a qualitative basis only. For the discharges tested, general
-~ s
areas of erosion were observed; however, the quantities cannot be accurately determined

from the model.

THE SPILLWAY MODEL

The Approach Channel

Approach channel conditions were tested for two areas of ‘proposed excavation, one

about 500 m upsiream of the crest and the other adjacent to the crest on the right side.

The proposed excavations are shown on figure 6. Observations of the approach channel

flow in the model indicated that the excavation located 500 m upstream of the crest.

‘might not be necessary. Therefore, pea gravel was used to simulate the original

topography, as shown on figure 7. This area was investigated using colored dye and con-
fetti to observe the flow patterns. These tests showed that the narrower opening would

not constrict the flow.

The proposed excavation immediately adjacent to the crest on the right side of the ap-
proach channel produced an unsatisfactory flow distribution. The ridge at EL 81.5 that

remained when the channel was formed caused high velocity lateral flow to occur in the

grea. This was observed by spreading confetti and dye over the channel in that area.

This area of the approach channel was restored to its natural topography (fig. 8) and the
flow distribution gTeaﬂy improved through the spillway bays. Figure 9 shows the im-
provement in the lateral flow adjacent to the crest for the restored original topography at
a discharge of 2000 m¥s. ‘

Flow Impingement on Gate Trunnions

Flow impinged slightly upon the right trunnion of the right spiliway bay at a discharge of

2600 m?s and reservoir EL 85.65, as shown on ﬁgurre 10. Impingement increased as the



flow increased with submergence of all trunnions in all bays occﬁrring at 3600 m?s

(fig. 11). The impingement caused slight splashing to occur on the right crest abutment

‘downstream of the dam, which could lead to erosion behind the right training wall.

" Pier Modification

The downstream edges of the spillway crest piers were gradually moved upstream from
STA ' 1+40.0. The piers“ downsfream edges were first streamlined and shortened to
STA1+20.5 as shown on figure 12. The piers were then tested with the downstream
edges not streamlined. A fin was formed downstream from the end of the pier; however,
it did not interfere with the flow distribution. The piers’ downstream edges were then ter-
minated at STA 1+ 14.0 downstreém of the trunnions, as shown on figure 13. Gate
openings were tested with each pier modification with no adverse effects indicated. The

square-end pier was used because it did not disturb the flow. on the spillway chute and

~ should be easier to construct. The savings in concrete with the downstream end of the

piers shortened from STA 1+40.0 to STA 1+ 14.0 would be .approximate]y 912 md.

Gate Opening Combinations

Uniform gate openings provide the most uniform flow distribution and should be used

whenever possible.

The shorter spillway piers allowed the flow through each bay t6 merge prior to reaching
the base of the crest, thus making overtopping of the training walls more likely during
nonuniform gate operation. Spillway gate opening combinations were tested to deter-
mine the best alternative available for nonuniform gate operation. Nenuniform gate op-
eration, specifically one gate closed as would occur auring maintenance of a géte or mal-
function of a hoist, was tested at discharges of 1000 and 2000 m%s. The openings were
based upon visual observations of the flow and velocity distribution. Immediately elimi-
nated were those gate openings which caused overtopping of the training waﬂs or ex-

tremely uneven flow distribution.



With the piers shortened to STA 1+ 14.0 and a discharge of 1000 m?®s, the best two-gate
operation occurred with the middle gate fully closed. This produced the most uniform
flow dis_tribution on the chute as shown on figure 14. The other combinations, left or
right gate closed, also produce‘d satisfactory flow distribution. If it is necesary to increase
the discharge to 2000 m?s, the right gate should be closed, and all flow routed through
the other two gates (fig. 15). ' | |

At 2000 m¥s (with the middle gate closed), overtopping of the training walls occurred on
both sides of the chute at about STA 1+ 235, With the left gate closed, the flow was very
close to overtopping the left side of the chute at about STA 1+222. The recommended

sequencing arrangements are shown below: -

Tbtal- Spillway gates

~ discharge, Q Left Center Right
(m%s)
1000 Open Closed Open
1000 Closed Open Open
1000 Open Open Closed
2000 Open | Open Closed

The sequencing was only done up to reservoir EL 85 and at a discharge of 2000 m%s.
Discharges greater than this require unconirolled flow. The most uniform flow distribu-

tion for three-gate unequal gate operation was:

Total Spillway gates
discharge, Q Left Center Right
(m?/s) (m?/s) (m¥/s) (m®/s)
1000 500 0 500
1500 | 666.67 333.33 300
2000 833.33 500 666.67
10



Crest Shape 7

- The spillway crest shape was checked theoretically for subatomospheric pressures which

may lead to flow instability or cavitation. Using Engineering Monograph No. 9,* the
crest shape was compared to other crest shapes with known pressure profiles and dis-
chﬁrge coefficients. The procedure consisted of dividing all the dimensions by the total
head and plotting these dimenéionleés values on an X-Y plane. The shape compared
closely with the Canyon Ferry Dam and Hirakud Dam shapes, both of which had a posi-
tive pressure profile throughout the crest shape. The crest shape has a discharge coeffi-
cient of 2.000 as indicated by the plot of reservoir elevation ‘versus discharge coefficient

on figure 16.

Three 17.0- by 11.90-m radialrgateé were used 1o control the flow over the .crest up o res-

ervoir EL 85. The discharge curves for controlled and uncontrolled flow are shown on

figure 16,

Water Surface Profiles

Water surface profiles were measured along the length of the chute from the base of the

crest at STA 1+40.0 to the beginning of the transition at STA 1+373.0. Data were

- taken every 50 m for each test ‘discharge along both the right and left walls of the chute.

The profiles are shown graphically on figures 17 and -18. The water surface profiles .
follow the typical S3 profile with the actual and normal depths less than. the eritical
depth, indicating supercritical flow. The flow is contained within the chute walls except

for the 3600-m%s discharge which overtopped the left wall at approximately

 STA1+2120.

* Bradley, J. N,, *“Discharge. Coefficients for Irregular Overfall Spillways,” Engineering
Monograph .No. 9, US. Department of the Interior, Bureau of Reclamation, Denver,
Colorado, March 1952. :
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Cavitation Potential

The cavitation potential along the spillway chute between STAS 1+40.0 and. 1+373.0

was analyzed using a computer program. The cavitation analysis was based upon pres-

ently available information which includes boundary layer effects.* The computer pro-
gram has been uﬁdergoing some modification and vertification as data became .available
from pel;formance of existing prdtotype structures. Discharges of 200, 500, 1000, and
2000 m®%s were investigated. Initially the program had predicted incipient cavitation be-
tween STAS 1+40.0 and 1+100.0 and also at STA 1+373.0. Aeration slots were rec-

ommended at STAS 1+40.0 and 1+4373.0; however, the program has since indicated

that the chute will operate satisfactorily with little or no cavitation damage without the
aeration slots. Care must still be taken with the surface finish between STAS 1+ 40.0

and 1+60.0, and also on the vertical curve transition from the chute to the stilling basin.

As shown on figure 29, the hydraulic jump is containéd within -the stilling basin below

STA 1+373.0 for the maximum discharge of 3600 m?%s. All surface irregularities in
these areas greater than' 3 mm high should be ground to a 1:10 chamfer. In the re-
mainder of the chute, irregularities greater than 10 mm should be ground to a 15

chamfer. The computer printouts of the cavitation ana.lysis are given on figures 19
through 22.

Pressures on the Stilling Basin Walls

Using the tailwater elevation curve furnished, the stilling basin formed an efficient hy-
draulic jump with adequate energy dissipation for discharges up to 2300 m*s. Above
~ this discharge, the stilling basin was adequate; however, weir flow occurred over the
training walls of the stilling basin. The stilling basin operation for discharges of 1000,
2000, and 3600 m%s is s}_xown on figures 23, 24, and 25. The weir flow was due to ;he

* Arndt, REA, J. W. Hell, J. C. Bohn, and W. T. Bechtel, “Influence of Surface
Irregularities on Cavitation Performance,’” Journal of Ship Research, vol. 32, No. 3,
pp. 157-170, September 1979. ‘ ‘
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high tailwater flowing over the walls into the stilling Basin, where the higher velocity in
the basin produced a lower water surface. To test instability of the stilling basin walls,
pressures. were measured along the inside and outside of the right wall. There was con-
cern that the weir flow might producera large pressure differential across the wall due to

the .subatmospheric pressures possible below the nappe of the flow. -

To record pressures, 710 piezemeters were installed along the right wall of the . spillway

-stilling basin. The odd-numbered piezometers recorded pressures on the inside of the

wall with the even-numbered ones on the outside. The locations by station and elevation
are shown on figure 26. Pressures were initially taken using water manometers. These
data indicated which piezometer locations produced the greater pressure fluctuations,

which were then analyzed using 17.24-kPa pressure transducers and a recorder. Water

- manometer pressure data for the right wall of the spillway stilling basin are shown in the

appendix (tables 1 to 6), transducer data are shown in tables 7 to 12. These data were
believed similar for the left wall. All the piezometers on the outside of the wall recorded
the tailwater .heig}lt \.vith, only slight fluctuations due to wave action. The data recorded
by the transduccrs-were mostly above atmospheric pressure with only a few minimal sub-
atmospheric pressures. Piezometer No. 9 registered some instantaneous subatmospheric
pressures. The loeation »of piezometer No. 9 at the toe of the hydraulic jump accounted
for slfght subatmospheric pressures on the order of 0.05 m with a maximum of 0.15m.
With the spillway, outlet works, and powerplant operating, piezometer No. 7 measured
a minimal average subatmospherlc pressure of 0.03 m at discharges of 2000, 2500, and
3000 m¥s. This was due to the weir flow over the wall at this point which produced
subatmospherrc pressures under the nappe. Piezometers No. 1,- 3, and 5 recorded _
pressures above atmospheric. For the higher discharges above 3000 m3s, the taﬂwater
height overcame most of the. weir flow effect. For the lower discharges of 1000 and

1500 m?s, the tailwater was below the stilling basin walls.

No pressure fluctuations or subatmaospheric pressures were formed large enough to pro-
duce a pressure differential which would endanger the stability of the basin walls. The
effects of the weir flow should be minimal, provided the walls are designed for full hydro-

static pressure.
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Riverbed Stabilization

The river channel was stabilized to study the velocities and erosion potential downstream
~of the hydraulic structures. The first step in the stabilization process was to form the
riverbed with damp, compacted sand, using templates representing several river channel
cross sections. This base was formed approximately 8.0 m below the actual channel out-
line. The channel was then brought to grade and stabilized with a surface layer of a 42:1

mixture (by weight) of sand to cement, respectively.

This mixture provided a good approximation of the reported weak sandstone of the river-

bed downstream of the structures. The formed channel is shown on higure 27.

Velocity Profiles

With the stabilized riverbed, velocity measurements were made downstream of the spill-
way apron. The velocities were taken at or near the end of the apron (STA 1+ 550.0),
and downstream at approximately 4 m (STA 1+554.0), and at 14 m (STA 1+ 564.0).
The measurements above the riverbed varied with the tailwater height, with the excep-
tion of an ‘initial measurement for each discharge at 0.5 m. Data were taken for each
spillway test discharge. These data showed that all the velocities were within the design
value of 50 mis, with the exception of three instantaneous values (about 6.4 m/s) at
3600 m*s. As shown in the graphical representations on ﬁgures 28 through 33, the ve-
locities were, in general, lbwer along the centerline of the spillway and increasing on

either side of the centerline.

Erosion Tests

These slightly higher velocities along the outer edges of the basin caused erosion at the

left toe of the spillway épron for a discharge of 1000 m%s. As the discharge increased,

the erosion continued for 12.0 m downstream, producing minor undermining of the left
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bank in this area. The undermining of the bank was accompanied by surface wave action

which contributed to the bank erosion, extending the eroded area to approximately

24.4 m downstream of the apron. This erosion damage is shown on figure 34.

The eroded material was deposited in three places. For discharges up to 1500 m%s, the
eroded material was drawn up onto the apron by the stilling basin action, where it alter-

nately collected immediately downstream of the end sill, and eventually washed out. Ma-

. terial eroded by the higher discharges remained on the apron as shown on figure 35. The

material was also deposited behind the left spillway training wall from STA 1+434.45 to

'STA 1+ 48,67 when the tailwater elevation was above 34 m, as shown on figure 36.

Ahother point of deposition for all discharges (fig. 37) was 134.0 m downstream of the
spillway .apron at about STA 1+ 684.0 where the material formed a bar across the river
channel. The formation of a bar across the channel could cause a slightly higher tail-
water in the powerplant tailrace. The tailwater elevation was 20.7 m for powerplant op-

eration only. The height of the bar formed across the channel was between 2 and 3 m.

THE OUTLET WORKS MODEL

Diversion Condition

The diversion structure consisted of two 9-m-diameter concrete-lined tunnels. The 6pen
end of the 9-m conduit served as the intake for tunnel No. 1. The intake for tunnel No. 2
was a horseshoe-shaped bellmouth with a transition to a 9-m circular tunnel. After diver-
sion, tunnel No. 1 will ‘be converted into a permanent selective withdrawal outlet works
structure. The entrance of tunnel No. 2 will be plugged and a bellmouth entrance for the
powerp]an‘t‘wi.ll be provided at EL 50.98. The stilling basin used for tunnel No. 2 will not
be used after diversion. It will be filled with excess excavated material after completion

of the permanent outlet works.
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The diversion structures were tested at ljeservoir EL 30, 40, and 53. At reservoir EL 30,
the total discharge through both tunmnels was 593.6°- m%s; neither entrance was totally
submerged (fig. 38). At reservoir EL 40 and 53, (figs. 39 and 40) the discharges were
1472.7 and 20079 m®¥s, respectively. Also, both intakes were totally submerged and
both tunnels flowed full. With a discharge of 1472.7 m’fs, vortices formed over both en-
trances. The vortex was larger and more persisient over the entrance to tunnel No.l
than tunnel No. 2. At reservoir EL 53 no vortices formed; however, an occasional dimple
formed on the water surface ove‘r tunnel No. 1. Under all discharge conditions ‘(figs. 41,
42, and 43), the energy dissipation of the stilling basins was adequate. A discharge curve

for both tunnels of the diversion is shown on figure 44.

‘Modified Entrance—Tunnel No. 1

With the completion of the diversion requirements, the selective withdrawal tower will
be constructed and used as the intake for tunnel No, 1, the permanent outlet works. In

the 1:50.62 scale model, this structure was modified to only include the three sluices at

EL 22 without bellmouth entrances as shown on figure 45. The two outer sluices were

1.83 by 3.66 m with the center sluice 1.02 by 3.66 m. The selective withdrawal tower was
a standard design in operation at several other outlet works structures; therefore, it was

not studied in this model,

Permanent Outlet Works—Tunnel No. 1

The flow conditions in the tunnel bend and the stilling basin operation were studied with .

the reservoir operating at EL 85. Operating the intake gates at one-half, three-fourths,
and fully open produced discharges of 190, 310, and 422 m?s, respectively, without the
powerplant operating. Operation of the powerplant and outlet works produced a slightly
higher tailwater elevation, resulting in slightly lower discharggs for each gate opening.

These discharges were 190, 297, and 399 m%s, respectively.
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At these discharges, the centrifugal force caused the flow to shift to the outside:of the tunnel

bend (fig. 46) The flow oscillated for about 197 m downstream of the bend as typically
shown on figure 47, but became symmerical prior to reaching the stilling basin. Pressures
were measured _alo.ng the tunnel bend with piezometers'attached to a manometer board. The
piezometers were located at the upstream end of the bend at STA 1+ 224.30, the point of
niaximum deflection, STA 1+ 26320, and downstream of the bend at STA 1+352.18. No
subatmospheric or excessively high pressures were noted. The pressure data are shown in

table 13. The tunnel did not flow full during the tests.

Velocities and Erosion Downstream of the Stilling Basins and Powerplant

The outlet works stilling basin was adequate for all discharges. Figure 48 shows the stﬂj-
ing basin operating at a maximum discharge of 442 m%s. Erosion tests were made on the
outlet works model downstream of the stilling basins and the powerplant, The stabilized
outlet works model riverbed is depicted on figure 49. Tests included the individual oper-
ation of'the diversion structures, the outlet works, the powerplant, and combined outlet

works and powerplant.

No erosion occurred when the diversion structures were tested at discharges of 593.6,

1472.7, and 2007.9 m%s. No erosion Was‘ observed downstream of the outlet works, with

" or without the powerplant operating, when operated at reservoir elevation 85 and the

spillway gates fully open. This observation was verified by the low velocities measured
downstream of the stilling basin. Operation of the powerplant at a discharge of 250 m¥s
and a tailwater of 21 or 22 m did not produce high velocities .or erosion. The velocity
measurements recon;ded downstream of the outlet works and powerplant shown on fig-

ures 50, 51, 52, and 53 were within the design range of 5 m/s.

Powerplant Intake

The model was tested at a discharge of 250 m%s using the intake gates to control the res-

ervoir elevation. These gates were used to control the flow since penstock studies had not
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been requested as part of the model study and, consequently, downstream control-had

'not been included in the model. The bellmouth intake structure is shown on figure 54.

The powerplant intake (tunnel No. 2} was tested for vortex formation at reservoir EL 60,
65, 70, 75, 80, and 85. The intake was tested initially without the trashrack structure,
Very persistent vortices formed at reservoir EL 60 and 65 at a discharge of 250 m¥s. At
both these water surface elevations, the vortices entrained air down through the gates.
These vortices continued to the higher water surface ELS 70., 75, 80, ﬁnd 85. However,
the vortices became weaker and less persistent at the higher reservoir elevations. At
 reservoir EL 80 and 85 when the water surface was disturbed, the vortices dissipated and
would not fe-form. Figures 55, 56, 57, and 58 show the vortices formed over the
powerplant entrance without the trashrack. At a discharge of 100m%¥s for reservoir
EL 60 and 65 no vortices formed. . |

Trashrack Structure

‘The structural supports of the trashrack were constructed to scale with the prototype
racks modeled using a fine mesh screen representing an opening of 0.10 by 0.10 m. The
bellmouth entrance with the trashrack was tested at the same discharge and elevations.
- At reservoir EL 60 and 65 and a discharge of 250 m%s, vortices formed at the upstream
face of the trashrack and dissipated as they traveled toward the center of the structure.
No vortices were observed at these elevations at a "discharge of 100 m?®s. Vortices were
suppressed at all reservoir elevations above the top of the trashrack structure. Flow at

EL 60, 75, and 85 are shown on figures 59, 60, and 61.
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Table 1.-Water manometer pressure data for the right wall of the spillway stilling basin,
spillway Q@ = 1000 m%s, spillway-powerplant-outlet works Q = 1650 m¥s

. Spillway Spillway-Powerplant-Outlet Works
Piezometer | Zero | = 1000 m%s TW =21.1m|Q =1650m®s = TW = 31dm
No.* EL Manometer Readings (m)
(m) Low Mean High Low Mean High
1| 3436 33.63 | 3363
2 3412 © 3290 3290
3 26:32 | 26.56 26.93 27.29 27.29 27.66 2802
4 26.07 26.81 : 27.54
5 1876 | 2656 | 26.93 21.29 27.29 27.66 28.02
6 18:27 2105 | 27.54 .
7 3436 3388 34.12
] 33.39 32.66 ) 32.66
9 25.59 ' 25.59 25.59
10 25.10 ) 27.05 27.54

* Even numbers located on inside face of wall, odd numbers of outside face.

Table 2.-Water manometer pressure data for-the right wall of the spillway stilling basin,
spillway Q = 1500 m%s, spillway-powerplant-outlet works Q = 2150 m¥%s

. " Spillway Spillway-Powerplant-Outlet Works
Piezometer| Zera | Q = 1500 m%s TW = 304m| Q = 2150 m¥s TW = 343m
- No.* EL - Manometer Readings (m)
(m) Low | Mean " High Low Mean High
I | 3436 33.88 | 34.12-
2 34.12 33.15 33.15
3 -26.32 29.49 29.97 30.46 29.73 30.22 - 30.70
4 26.07 30.22 30.70
5 18.76 | - 2924 29.73 30.22 29.73 3022 30.70
6 18.27 3022 30.70
7 34.36 33.88 33.88
8 3339 | | 3290 o 32.90
9 2559 | 26.32 2693 27.54 26.80 2142 28.02
10 25.10 30.22 30.70

* Even numbers located on inside face of wall, odd numbers of outside face.
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Table 3.- Water manometer pressure data for the right wall of the spillway stilling basin,
spillway Q = 2000 m%s, spillway-powerplant-outlet works Q = 2650 m%s

Spillway Spillway-Powerplant-Outlet Works
Piezometer | Zero | ) = 2000 m%s TW = 33.4m| Q = 2650 m*s TW = 37.0m
No.* EL Manometer Readings (m)
(m) Low Mean High Low "Mean High
l 3436 | 34.12 34.36 34.61 34.12 34.36 34.61
-2 34.12 34.12 33.63 33.76 3388
3 2632 | 33.15 3363 33.88 3241 32.78 33.14
4 26.07 34.12 33.39 ‘ :
5 18.76 | 32.66 37 33.88 3241 32.78 33.14
6 18.27 34.12 33.39
7 34.36 34.12 34.12
8 33.39 34.12 33.63
9 - 25.59 | 3022 30.71 3119 29.49 30.10 30.71
10 25.10 34.12 33.39

* Even numbers located on inside face of wall, odd numbers of outside face.

Table 4.- Water manometer pressure data for the right wall of the spillway stilling basin,
spillway Q = 2500 m%, spillway-poierplant-outlet works Q = 3150 m%s

Spillway Spillway-Powerplant-Outlet Works
Piezometer | Zero | Q = 2500 m®is TW = 36.2m| Q = 3150 m®*s TW = 39.5m
No.* EL ‘ Manometer Readings (m)
(m) Low Mean High Low Mean High
1 3436 | 36.56 36.80 37.05 36.80 3117 31.53
2 34.12 | 3632 |  36.56 36.80 36.32 36.56 36.80
3 2632 | 35.34 36.95 36.56 35.10 36.95 36.80
4 26,07 36.80 ' 3693
5 1876 ; 35.10 3695 36.80 34.85 3546 36.07
6 18.27 : 36.80 3693 -
7 3436 | 33.63 3388 34.12 33.88 34.00 34.12
8 3339 | 36.56 36.68 36.80 36.56 36.80 37.05
9 2559 | 33.15 33.88 14,61 32.66 3351 34.36
10 25.10 36.80 36.93

* Even numbers located on inside face of wall, odd numbers of outside face.
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Table 5.-Water manometer press&re data for the right wall of the spillway stilling basin,
spillway Q = 3000 m¥s, spillway-powerplant-outlet works ¢ = 3650 m%s

Spillway Spillway-Powerplant-Outlet Works
Piezometer| Zero | Q = 3000m% = TW = 38.7m] Q = 3650 m¥s TW =416m
No.* EL ' : Manometer Readings (m)
-_ (m) Low Mean High Low Mean High
1 3436 | 3851 | 3887 3924 38.15 39.12 39.48
2 3412 | 3178 38.20 38.63 38.27 38.51 38.75
3 2632 | 3729 37.78 38.27 38.02 39.24 38.75
4 26.07 38.99 39.48 :
5 1876 | 3729 31.78 38.27 38.02 3844 38.87
-6 18.27 | - 38.99 . 3948
7 3436 | 33.27 34.36 35.58 35.10 35.46 35.83
8 33.39 3827 38.51 38.75 38.63 3887 39.12
9 25.59 | 36.92 36.07 35.58 39.73 - 40.27 40.83
10 25.10 38.99 - 40.58

* Even numbers located on inside face of wall, odd numl_)ers of outside face.

Table 6.- Water manometer pressure data for the right wall of the spillway stilling basin,
spillway Q = 3600 m%s, spillway-powerplant-outlet works QQ = 4250 m*/s

) Spillway Spi]lway-Pov;.'erplant—Outlet Works
Piezometer | Zero | Q = 3600 m¥s TW = 41.0m| @ = 4250 m¥s TW = #4.3m
No.* EL Manometer Readings (m)
{m) Low Mean High Low Mean High
1 34.36 | 3997 40:22 40.46 40.22 40.46 40.70
2 34.12 39.73 39.97 40.22 40.22 40.95
3 2632 | 39.48 39.97 40.46 39.73 ‘ 40.46
4 26,07 40.95 41.31
5 18.76 | 39.48 39.97 4046 | 3973 39.97 40.22
6 18.27 40.83 41.19 :
1 3436 | 36.80 37.41 3802 | 3778 38.51
.8 33.39 | 39.713 40.09 40.46 40.22 40.46 - 40.70
9 2559 | 39.73 40.09 40.46 40.70 40.95 41.19
10 25.10 40.95 4131 -

* Even numbers located on inside face of wall, ‘odd numbers of outside face. -
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Table 7.-Transducer pressure data for the right wall of the spillway stilling basin,
spillway Q = 1000 m%s, spillway-powerplant-outlet works Q = 1650 m/s

Spillway 7 Spillway-Powerplant-Outlet Works
Piezometer | Zero | Q = 1000 m%s TW = 27.1 m| Q = 1650 m¥s TW = 3l4m
No.* EL Manomelter Readings (m)
(m) Low ‘Mean . High Low Mean High
l 3436 | 3436 34.36 34.36 34.36 3436 34.36
3 2632 | 2642 26.40 2640 26.42 2640 26.39
S 1876 | 1898 18.97 18.96 18.88 18.88 18.86
7 3436 | 34.36 34.36 34.36 34.36 34.36 34.36
8 3339 | 33.39 33.39 33.39 33.39 33.39 33.39
9 2559 | 25.61 25.60 25.59 2568 | 2560 25.67

* Even numbers located on inside face of wall, odd numbers of outside face.

Table 8.-Transducer pressure data for the right wall of the spillway stilling basin,
spillway Q = 1500 m*5s, spillway-powerplant-outlet works Q = 2150 m®s

Spillway Spillway-Powerplant-Outlet Works
Piezometer| Zero | Q = 1500 m%s TW = 304 m| Q = 2150 m¥s TW = 34.3m
No.* EL Manometer Readings (m)
(m) Low Mean High Low Mean High
1 3436 | 34.36 34.36 34.36 34.36 34.36 34.36
3 2632 | 26.32 26.40 26.36 26.46 26.43 26.41
5 18.76 | - 18.92 18.90 18.87 18.93 1891 18.88
7 | 3436 | 3436 34.36 34.36 34.36 34.36 34.36
8 3339 3339 33.39 33.39 33.39 33.39 33.39
9 2559 | 2579 25.60 25.44 2584 - 25.62 25.46

* Even numbers located on inside face of wall, odd numbers of outside face.
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Table 9.-Transducer pressure data for the right wall of the spillway stilling basin,
spithway Q = 2000 m¥%s, spillway-powerplant-outlet works Q = 2650 m%s

Spillway Spillway-Powerplant-Outlet Works
Piezometer| Zero | Q = 2000 m¥s TW = 334 m| Q = 2650 ms TW =370m
No.* EL Manometer Readings (m)
{m) Low Mean High | Low Mean | High
1 3436 | 3448 | 3444 3443 | 344l 34.39 34.37
3 2632 | 2645 2643 26.38 26.45 26.43 . 26,39
5 1876 | 1894 18.90 18.84 1893 | 1890 18.87
7 34.36 | 34.52 3447 34.45 34.36 34.33 34.32
8 3339 | 33.39 33.39. 33.39 33.39 33.39 33.39
9 2559 | 25.76 25.62 25.51 25.80 25.62 25.50

* Even numbers located on inside face of wall, odd numbers of outside face.

Table 10.-Transducer pressure data for the right wall of the spillway stiiling basin,
spillway Q = 2500 m®s, spillway-powerplant-outlet works Q = 2900 m*%s

: Spillway Spillway-Powerplant-Outlet Works
Piezometer | Zero | Q = 2500 m%s TW = 36.2m| Q = 2900 m%s TW = 382m
No.* A EL Manometer Readings (m)

(m) Low Mean High Low Mean High
1 3436 | 3448 34.45 3443 3446 34.40 34.38
3 26.32 26.45 2643 26.37 2645 26.43 26.37
S [ 18.76 19.00 1897 18.92 19.08 1897 18.93
T 3436 | 3453 34.48 34.46 34.36 34.33 34.32
8 33.39 33.55 33.53 3351 3349 33.47 33.45
9 25.59 | 25.92 25.71 25.52 25.90 23.71 25.54

* Even numbers located on inside face of wall, odd numbers of outside face.
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" Tahle 11.-Transducer pressure data for the right wall of the spillway stilling basin,
spillway Q = 3000 m%s, spillway-powerplant-outlet works Q = 3400 m%s

Spillway Spillway-Powerplant-Outlet Works
Piezometer| Zero | Q = 3000m¥%s  TW = 38.7m] Q = 3400 m%s TW = 40.6 m
No.* EL - Manometer Readings (m)
{m) Low Mean High Low Mean High
1 3634 | 3646 36.42 36.37 3044 36.40 3636
3 2632 | 26.52 26.50 2645 26.48 2646 2642
3 18.76 19.03 19.01 . 18.99 19.03 19.01 19.00
7 36.34 | 36.53 3648 |- 36.39 36.37 36.32 36.29
8 33.39 3379 33.77 3375 | 3361 33.57 . 33.55
9 2559 | 2597 | 2577 25.63 26.01 25.83 25.69

* Even numbers located on inside face of wall, odd numbers of outside face.

Table 12.-Transducer pressure data for the right wall of the spillway stilling basin, '
spillway Q = 3600 m%s, spillway-powerplant-outlet works Q = 4000 m*s

Spillway . Spillway-Powerplant-Outlet Works
Piezometer| Zero | Q = 3600 m¥s TW = 41.0m| Q = 4000 m¥s TW = 43.0m
No.* EL | Manomeier Readings (m) '
{m) Low Mean High Low Mean High.
1 36.34 | 3647 |, 3642 36.36 36.47 36.42 36.37
3 26.32 26.53 2648 | 2637 126,52 2649 26.41
‘5 1876 [ 19.05 19.03 19,01 19.04 19.03 19.01
7 36.34 | 3645 36.40 36.32 36.52 36.44 36.37
8 3339 | 3361 33.59 33.55 33.62 33.59 33.57
9 25.59 | - 26.02 25.79 25.64 26.08 25.87 25.70

* Even numbers located on inside face of wall, odd numbers of outside face,
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Table 13.- Water manometer pressure data in the outlet works tunnel bend

Zero
Piezometer EL Manometer readings Pressure head

No. (mm) (mm) Model (mm) Prototype (m)
1 70.10 115.82 45.72 231
2 67.06 118.87 51.82 262

3 97.54 103.63 6.10 0.31

4 118.87 © 149.35 30.48 1.54

5 60.96 73.15 12.19 0.62

6 76.20 79.25 . 305 0.15

7 64.01 106.68 42,67 2.16

8 51.82 79.25 2743 1.39

9 76.20 97.54 21.34 108
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Figure 5.—Overall view of the 1:50.62 outlet works model in foreground; 1:80 spillway model in background.
P801-D-79578.
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Figure 7.—Approach channel with proposed excavation filled in, located
about 500 m upstream of spillway crest. P801-D-79579.

Figure 8.—Right side of approach channel adjacent to crest, with original
topography restored. P801-D-79580.
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Figure 9.—Flow pattern adjacent to crest: Q 2000 m¥s for the improved

channel. P801-D-79581.

Figure 10.—Impingement of flow on the gate trunnions:

Q = 2600 m*/s. P801-D-79582.
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Figure 11.—Submergence of all trunnions: Q = 3600 m¥s.
P801-D-79583.

Figure 12.—Piers streamlined and shortened
to STA 1+ 20.5. P801-D-79584.
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Figure 14.—Flow with recommended gate openings for Q = 1000 m¥s.
P801-D-79586.
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Figure 15.—Flow with recommended gate openings for
Q = 2000 m¥s. P801-D-79587.
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......... B L L L R T T Py
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ENEAGY ‘ DEPTH THICKNESS

SYATIGN mveaf ELEV SUDPE. 7 DERTH 7T VELDCITY ™ TBIET T aRADE INE TG ARG WATER FRGFTLE T NORMAL T CR I TICAU T BOUNDARY TLAYER
M (] M M/SEC L] ‘ ] : ]
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1080.00 81.890 0060 . ...1%@  12.337 . ..196 68.942 344 53 745 1.088 . 198
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117800 55.270 .C056 2485 7.456 .455 54.842 0.000 53 L7619 1.088
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1228760 497610 0053 Y k] 634377643 53,718 0. 600 §3 i) i.0dd THd
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1275.00 s0.740  .0052 .615 5.515 .815  53.060 0.000 83 .1719 1.633 . .615
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v_q_;gsﬂ__,;'pg 50.470 .0052 .870 8.062 .670 52.877 0.000 53 179 1.088 ' .670
1350.00 50,330 . 0056 .689 4.918 .689 ~ 82.376. ©.000 s3 . 164 1.088 - 689
1973.00 60.310" L0053 698 LY K1k 85365 0.000 L4 LTié 1.082 '
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Figure 19.—Computer printout for cavitation analysis at Q = 200 m%s.
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Figure 19.—Computer printout for cavitation analysis at Q = 200 m*s—Continued.
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Figure 20.—Computer printt;ut for cavitation analysis at } = 500 m%s.



DAULE-PERIPA SPILLWAY

_____ ' ' ENERGY DEPTH THICKNESS

STATION —~ INVERT ELEV ™ SLOPE BEBTH VELGCTTY —PTER GRADE "CINE™ @ ATR/G WATER " BROFTUE™ NORMAL "CRTTICAU " BOUNDARY LAVER ™
L L] ) » M/SEC M ] L] ) N
1300. 60 00586 NTT] 10.014 . 846 57.074 “0.000 §3 bR D% 111 2,008 .B46
1325.00 50.470 .0052 .BBS 9.568 .ass 56,490 0.000 53 1.387 2.005 .pas
1350. 00 %0.330 .0056 .923 9.186  .923 55.985 0.000 53 1.355 2.008 .923
1373.00 802107 005 T Ie4Y 6.958 .81¥ 85663 G000 §3 V388 7TV I9Ed L8432
1390.00 47.980 .1312 .786° ‘..jQ.,']BS .640 55142 0.000 52 505 1.992 .788
1400.00 44.660 .3320 .650 13.044 .468 . 54.6T1 0.000 52 .384 2.022 - 650

CAVITATION WILL OCCUR FOR OFFSEVS GREATER THAN ~ 042 M 170 2 CHAMFERS REQUIRED
1410.00 39.870 4790 .545 15.558 349 ' 53.78% ' 0.000 52 . 348 2.080 .54%
CAVITATION WILL OCCUR FOR DFFSEFS GREATER THAN 013 M 1 T0 3 CHAMFERS REQUIRED -
1420.00 ' 33.5%0 6280 1 .468 i8.097 17 '.".2".'208 0.000 52 L3386 2168 R 11
g CAVITATION WILL OCCUR FOR OFFSEVS GREATER THAN  .003 M 1.70__5 _CHAMFERS REQUIRED
1426,04 29.080 .7487 .433 19.577 .208 50.782 0.000 52 .314 2.146 o .e:
EAVITATION VIll OCCUA FoR OFFSETS GREATER THAN —~ 003 M 170 8 CHANFERS TREGUIRED

Figure 20.—Computer printout for cavitation analysis at Q = 500 m*s—Continued.
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ENERQY DEPTH THICKNESS
STATION  TWVERY ELEV  SLOPE OEPTH T VELGCITY STEZ 7 GRADE UINE 0 ATH/Q WATER PROFILE  NORMAL "CRITICAL ~BOUNDARY LAYER™
“ M : (] M/SEC Y] N : [ [ ‘ ]
1646, 00 §2.000 L0054 I R P 1 JT08 95.029 0. 000 ' 53 2.134 3.8l 256
SURFACE SUFFICLENTLY ROUGH TO CAVITATE 1.70 10 CHAMFERS REQUIRED
10%0.00 %1.950 .00%0 .72% 23.379 .728 03.327 .221 © 83 2.185 3.182 .317
S SURFACE "SUFFICTENTLY ROUGH T CAVITATE 17079 CHAMFERS REQUIRED '
1060.00 31.8%0 - 0060 744 22,720 . .744 81.761 . 148 53 2.061  3.182 977
CAVITATION WILL OCCUR FOR OFFSETS GREATER THAN .001 M | TO. § CHAMFERS REGUIRED
1076.60 §iTda6 T 6050 763 337930 763 85.977 JigS '§3 EPRLLI POT-t B L1
CAVITATION WItL OCCUR FOR OFFSEYS GREATER THAN  .0O01 W 170 8 CHAMFERS REQUIRED
1080.00 94.790 .0050 .781 21.700 7814 7B.980 .18 53 2.185 3.182 .492
. CAVITATION ViU OCCUR FOR OFFSEYS GREATER VHAN 00 i VY0 T8 CHAMF ERS REQUERED '
e 1100.00 84.680 - 0035 .:818 20.725 -818 . 16.586 0575321 9 .3.182 -602
CAVITATION WILL OCCUR FOR OFFSEYS GREATER THAN  .003 M 1 T0 T CHAMFERS RECUIRED
"1928750 §7.8do [0058 (88377 19698 863 747031 ST 003 §3 iTie7¥ 3982 Li9d
CAVITATION WILL OCCUR FOR OFFSETS GREATER THAN .0C4 M 1 TO 8 CHAMFERS REQUIRED '
1150.00 81.410 . 0052 .08 18.671 .308 71,868 0.000 $3 2.159 3.182 .883
CAVITATION Wil GCCUR FOR OFFSETS GREATER THAN 008 M 1770 '8 CHANFERS WEQUIRED
1178.00 81,270 .0088 952 17,813 .95 1 10.018 ©0.000 s3 2.108 3.182 .952
CAVITATION WILL OCCUR FOR OFFSETS GREATER THAN  .008 M 1 TO 4 CHAMFERS REQUIWED ]
136000 89,140 L6683 -1 17,038 .89% 6d. 478 0. 500 §3 37184 T L] .998
CAVITATION WILL DCCUR FOR OFFSETS GREATER THAN .01\ M 1. 70 4 CHAMFERS WEQUIRED
$229.00 81.010 0052 1.037 18.340 1.037 87.021 0.000 . 53 2.158 2.182 1.037
CAVITATTON WU OCEUN 00 OFFSETS CREATERTRAN 1918 W T7T0 T CHARF ERS QLT RED
_12950.00 £0. 870 .0058 1.079 15. 712 1.079 65.794 0.000 53 2,107 3.181 _1.079
CAVIVATION WILL OCCUR FOR OFFSETS GREATER THAN .020 M 1 70 3 CHAMFERS REQUIRED

Figure 21.—Computer printout for cavitation analysis at Q = 1000 m%s.



" DAULE-PERIPA SPILLWAY
e : ENERGY _ s _ DEPTH . THICKNESS
STATION ~TNVERT ELEV ™ SL0PE DEPTH VELOCTITY PIEZ GRADE LINE “O ATR/O WATER ~PROFILE "NOAMAL CRITICAL ~~BOUNDARY UAVER
W [ ) M M/SEC - M M " L] ]
1276700 60 740 . 00532 U730 I8 TEET TG 64 yo8 6,560 53 4158 §.98% 1,920
CAVITATION WILL OCCUR FOR OFFSETS ;néneu THAN . 026 M 1.70 3 cmgrgg;__,égquﬂmeo
1300.00 50.600 .0056 1. 460 14.616 1.160 83.740 0.000 $3  2.107 3.182 1.160
CAVITATIGN Will GCCUR "FoR OFFSETS GREATER THAN " 033" T¥0 9 CHAMFERS "AEQUTRED
1325.00 50.470 . 0052 1.199 14.133 1.199 62.871 0.000 53 _2.1s8  3.482 1.199
CAVITATION WILL OCCUR FOR OFFSETS GREATER THAN 041 M 1 10 2 CHAMFERS REQUIRED ’
135066 50.330 ) 1,238 13698 17238 62087 (3 B §3 2.vo7 382 1,238
ggv;,x_gtl_qy:__vxLL_occun FOR OFFSETS GREATER THAN = .O51 M 1.70_ 2 CHAMFERS REQUIRED '
1373.00 80.210 .0052 t.249 °  13.87% 866 51.452 0.000 53 2.156 3.132 1.249
CAVITATION Will OCCUR FOR OFFSETS GREATER THAN ~  GAD M 17703 CHAMFERS REQUTRED ™~~~ -
wn 1399.00 47.960 . 1312 1,154 14.608 . 766 60.04% 0.000 52 .718 3,145 1,154
= CAVITATION WILL OCCUR FOR OFFSETS GREATER THAN .028 M - { TO 3 CHAMFERS REQUIRED '
140000 447680 L3320 [IEE] L EE] 607 60471 0.000 §5TTTERD 5,148 1.033
CAVITATION UIL!,-.DCWR FOR QE.F,..SEI.S..,QREATER_._IF!N -013 M 1.70 4 CHANFERS REQUIRED
1410.00 ' 39.870 . 4790 .913 18.55% 466 - 89,645 . 0.000 . 52 .53% 3.2%4 .913
CAVITATION WILL OCCUR FOR OFFSEYS GREATER THAN ~ .0O6 TGS CHANFERS HEGUTRED
1420.00 23.5890 .6280 .810 20.930  .354 58.508 0. 000 52 ~.s01 3.332 .810
' CAVITATION WILL DCCUR FOR OFFSEYS GREATER THAN .003 M f TO 7 CHAMFERS REQUIRED
ja38.04 25,080 TFEETTTTTTTER 33 d1i3 11 §7.5d0 6.606 §3 Sa@d 3.5 : 758
CAVITATION WILL OCCUR FOR OFFSEYS GREATER THAN  ,002 M 1 7O # CHAMFERS REQUIRED

Figure 21.—Computer‘printout for cavitation analyéis at Q = 1000 m*s—Continued.
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. DAULE-PERIPA SPILLWAY
Q * 2000.000 CMS  INITIAL DEPTH * 9.428 M RUGOSITY = §.1000 MM N = 0143
o } ‘ ENERGY THICKNESS
STATION INVERT €LEV ™ "SLOPE DEPTH VELDOCITY PIEZ GRADE ULNE O ATR/O VATER PAOFILE  WORMAL CRITICAL™ "HOUNDARY LAYEW
] ] ] M/SEC N L] M » N
1640766 47665 o B W LT ST e T S W T T #6531 5.500 [ BN I 7T, S W LY
SURFACE SUFFICIENTLY ROUGH TO CAVITAVE 1 TO 9 CHAMFERS REOUIRED
1050. 00 81.980 L0050 1481 23,470 4.4a4 B4.288 ©0.000 53 3.421  5.081 .38
SURFACE SUFFTCTENTLY HOUBH 70 CAVITATE 170 8 CHAMFERS REQUIRED
1060.00 51.880 0060 1,460 23,212 1_,:5‘30 83.568 9.000 53 3.224 $.051 .317
CAVITATION WILL DCCUR FOR OFFSETS GREATER THAN .00 ™ 1 TO B CHANFERS REQUIRED '
1070.00 5i.d40 .Goso 1.497 23957 1,477 "B3.873 0.000 53 3424 5,087 . 438
CAVITATIDN WILL OCCUR FOR OFFSETS GREATER THAN  ,001 M 1 Y0 B CHAMFERS REQUIRED
1080.00 81.790 .0050 1.493 22.708 ©  1.493 B2.203 0.000 ©s3 3.421 8.089 401
n ' CAVITAVION Wil "OCCUR FoR OF FSETS GREATER THAN " 003 M 17708 CHANFERS "REQUTRED
- 1100.00 8t.880 . 0055 1,825 22,233 1,325 80.927 0.000 53 3.316 5.051 600
CAVITATION WILL QCCUR FOR OFFSETS GREATER THAN  .002 M 1 YO 7 CHAMFERS REQUIRED
KRECK- B §7.540 .0056 1,564 21,892 T TR TT 6. 600 $3 372077083 JTao
CAVITATLON u:_g'l_.;_ggg.lp_g__'g_gg OFFSETS GREATER THAN .002 M 1 .70 7 CHAMFERS REQUIRED.
1150.00 81.410 .0052 1.604 21140 1.604 78.078 0.0c0 s3 3.3717 -+ 5.05! .8%8
TEAVETATION WilL ‘occuii"'i‘rbn OFFSETS GREATER THAN 003 W 177076 CHANFERS " RECUTRED
1175.00 54.270 .0058 1.642 20.842  1.642 76.808 0.000 53 3,297 5.050 .978
CAVITATION WIiL OCCUR FOR drrsns GREATER THAN 004 M 1 TO 6 CHAMFERS REQUIRED
1700°.00 §171d6 L0083 T e Y 20.767 1,681 78.6306 0.000 53 3379 5.050 i.0%8
CAVITATION WILL OCCUR FOR OFFSETS GREATER THAN  .005 M 1. 70 6 CHAMFERS REQUIRED
1229.00 51.010 .0052 1.79 19.718 1.719 74.534 0.000 53 3.377 5.051 tns
CAVITATION Wil OCCUR FOR OFFSETS GREATER THAN -G08 M I7T07 8 CHAMFERS REQUIRED : :
125000 £0.870 0058 1.787 19, 208 1,757 79.512 0.000 $3 3.298 5.089 1.332
‘ CAVITATION WItL OCCUR FOR OFFSETS OREATER THAN  .00T M f 7O B CHAMFERS REQUIRED

Figure 22.—Computer printout for cavitation analysis at Q = 2000 m%¥s.




DAULE-PERTPA SPILLWAY

................. D T L L R L L L T T peppeppp

ENERGY DEPTH THICKNESS

STATION " INVERT ELEV  SLOPE DEPTH VELOCITY PIEZ GRADE LINE 0 AIR/G WATER “PAOFILE WOAMAL CRITICAL ~~SOUNDARY LAYER |
" ] M M/SEC . - # " ‘ ] L] M

275,00 80,740 L0053 EhELT 18,894 V. 764 79588 0.000 ' €3 L P 5. 081 "1, 448

. l'e_*.‘!'.!I&I.l,_t!.'!!...!_l,!-..l_-._.!?FEl,?_R_._?D,R_,QF__,F.SE.TS:GR.E!!IE.!,IHAN 003 W 1.70 B CHAMFERS REQUIRED .

1300.00 S0.600 .0058 1.831 18.516 1.891 7 71.659 0.000 53 3.296 5.051 t.559

CAVITATION WILL OCCUR FoR OFFSETS GREATER THAN

1325.00 50.470 . 0082 1.867 18. 152 _4.867 70.817 .5 3.377 ._.;.:_psvc 1.670
CAVITATION WILL OCCUR FOR OFFSETS GREATER THAN .02 M 1 70 & CHAMFERS REQUIRED
1350.00 50.33% L0056 1,803 TRIE 1.903 70,028 0. 000 ‘ CE I T T S W1 V.780
CAVITATION WILL OCCUR FOR OFFSETS GREATER THAN  .O14 M 1 70 4 CHAMFERS REQUIRED
1373.00 80,210 . 0052 1.880 18.029 BG4 69.304 '0.000 $3 3.373 4,925 1.880
CAVITATION WILL OCCUR FOR DFFSEATS GREATER THAN QIO W 170 6 CHAMFERS REQUIRED 77T
wn .1390. 00 47.840 21312 1,799 1B.848 .812 68.7138 ©.000 52 1.204 4.950 1.799
w2 CAVITATION WILL DCCUR FOR DFFSETS GREATER THAN  .008 M 1 70 9 CHAMFERS REQUIRED
146D.00 44,860 73320 ileTe 46.230 .669 68.281 7 T 0.000 's2 -1 §.634 i.d7¢
et oot et oo GAVITATION WILL OCCUR FOR OFFSETS GREATER THAN  .0O0S M 1.70 & CHANFERS REQUIRED
1410.00 . 39.870 .4790 1.537 22.058 .835 67.693 0.000 52 .825 5135 1,837
CAVITATIGON WILL OCCUR FOR OFFSETS GREATER THAN 003 N 77V0 8 CHAMFERS REQUIRED
1420.00 33.890 __ .6280 1.400 - 24.208 A1 . 66.862 0.000 s2 .73 5.280 1,400
CAVITATION WILL OCCUR FOR DFFSETS GREATER THAN 001 1 10 11 CHAMFERS REGUIRED
1436.04 79,040 I 7T A N LY 35,609 J338 BE. 108 T 0000 1] V745 §,368 1,534

SURFAGE SUFFICIENTLY ROUGH TO CAVITATE 1 70 13 CHAMFERS REQUIRED

Figure 22.—Computer printout for cavitation analysis at Q = 2000 m¥/s—Continued.



Figure 23.—Spillway stilling basin operation for
Q = 1000 m*s and tailwater EL 25. P801-D-79588.

Figure 24.—Spillway stilling basin operation for
Q = 2000 m¥s and tailwater EL 33.4. P801-D-79589.
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Figure 25.—Spillway stilling basin operation for
Q = 3600 m¥s and tailwater EL 41.5. P801-D-79590.
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Figure 26.—Piezometer locations along the right wall of the spillway stilling basin.
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Figure 27.—Stabilized
P801-D-79591.

riverbed for

95

spillway model.




004 146 29.8 444 588

N

VELOCITY (m/s)

0.04 146 29.8 444 588

0

004 146 29.8 44

LEFT SIDE (€ OF SPILLWAY)

DISTANCE (m)

Figure: 28.—Graphical representation of the velocmes ~downstream of the spillway stilling basin,

- Q = 1000 m¥s, tailwater EL 27.
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LEGEND

e 0.5 m ABOVE BOTTOM OF CHANNEL
A 1.00 m ABOVE BOTTOM. OF CHANNEL
0O 1.25 m ABOVE BOTTOM OF CHANNEL

ao. END OF SPILLWAY APRON

(STA 1+550.0)

b. 48 m DOWNSTREAM OF APRON
(STA 1+554.8)

¢. 11.6 m DOWNSTREAM OF APRON
{STA | +561.6)



4 I
- LEGEND
e 0.5 m ABOVE BOTTOM OF CHANNEL
3 A 1.00 m ABOVE BOTTOM OF CHANNEL
O 125 m ABOVE BOTTOM OF CHANNEL
2 a. 2.34 m DOWNSTREAM OF APRON
(STA 1+552.34)
! 004 146 29.8 44.4 588

b. 40 m DOWNSTREAM OF APRON
(STA 1+554.0)

VELOCITY {m/s)

004 46 298 444 388

c. 156 m DOWNSTREAM OF APRON
(STA 1+565.6}

0.04 14.6 298 44.4 58.8
LEFT SIDE (& OF sPiLLwaY) RIGHT SIDE

DISTANCE (m)

Figure 29.—Graphical representation of the velocities downstream of the spillway stilling basm,
Q = 1500 m?s, tailwater EL 30.4,
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5 LEGEND

® 0.5 m ABOVE BOTTOM OF CHANNEL
A 63 m ABOVE BOTTOM OF " CHANMNEL
O 128 m ABOVE BOTTOM OF CHANNEL -

2 W 0. I.I m DOWNSTREAM OF APRON
| ' : (5TA 1+551.1)

° 004 146 298 44,4 3588
6
5
g |
r 3 A G0 b. 3.8 m DOWNSTREAM OF APRON
5 | I (STA 1+553.8)
o i
-4 2 i
w I
|
0 004 146 258 444 688
6
5
a4
¢. 140 m DOWNSTREAM OF APRON

{STA 1+564.0)

004 1486 298 444 %88
LEFT SIDE (& OF SPILLWAY) RIGHT SIDE

DISTANCE (m)

Figure 30.—Graphical representation of the velocities downstream of the spillway stilling basin,
© Q = 2000 m*/s, tailwater EL 33.4.
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LEGEND _
e 0.5 m ABOVE BOTTOM OF CHANNEL
/A 6.3 m ABOVE BOTTOM OF CHANNEL
O 152 m ABOVE BOTTOM OF CHANNEL

a. END OF APRON

- (STA 1+550.0}
0.04 146 298 444 58.8
6 .
B
> 3 b. 6.3 m DOWNSTREAM OF APRON
- (STA 14556.3)
8
e 4
W
>
l
0
0.04 14.6 298 444 58.8
6

¢. 14.0 m.DOWNSTREAM OF APRON
{STA 1+564.0) -

004 146 298 444 588 ‘
.LEFT SIDE (€ OF SPILLWAY) RIGHT SIDE
DISTANCE (m)

Figure 31.;Craphical representation of the velocities downstream of the spillway stilling basin,
Q = 2500 m¥s, tailwater EL 36.2. ' :
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5 LEGEND

e 0.5 m ABOVE BOTTOM OF CHANNEL
A 6.3 m ABOVE BOTTOM OF CHANNEL
0152 m ABOVE BOTTOM OF CHANMEL

o, AT END OF APRON
(STA 1+550.0)

. J

0.04 1496 298 444 588

| . b. 4.6 m DOWNSTREAM OF APRON
: (STA 1+554.6)

VELOCITY {m/s)
(]

004 1486 29B 444 58.8

c. 148 m DOWNSTREAM OF APRON
(STA 1+564.8)

00a 146 298 444 568

LEFT SIDE (€ OF SPILLWAY)  RIGHT SIDE
DISTANCE (m)

Figure 32.—Graphical representation of the velacities downstream of the spillway stilling basin, ’
Q = 3000 m¥s, tailwater EL 38.7.



5 L ' LEGEND
: . s 05 m ABOVE BOTTCM OQOF CHANNEL

A 6.3 m ABOVE BOTTOM OF CHANNEL
[0 15.2 m ABOVE BOTTOM OF CHANNEL

a 1.0 m DOWNSTREAM OF APRON
(STA 14551.0)

b. 4.0 m DOWNSTREAM OF APRON
{STA i+554.0)

VELOCITY (m4)

L !

.04 146 298 444 588

T

[+.]

£y

c. 148 m DOWNSTREAM OF APRON
{ STA 1+564.8)

0.04 148 298 444 588

LEFT SIDE - {& OF SPILLWAY)  RIGHT SIDE
DISTANCE (m)

Figure 33.—Graphical representation of the velocities downstream of the spillway stilling basin,
Q = 3600 m®s, tailwater EL 41.
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Figure 34.—KErosion at the toe of the spillway apron and
along the left riverbank. P801-D-79592.

2 e

Figure 35.—Deposition of eroded material downstream of the spillway sill.
P801-D-79593.




Figure 36.—Eroded material collected behind the left spillway training wall.

. P801-D-79594.

Figure 37.—Eroded material deposited downstream of the spillway in the
river channel at STA 1+ 684.0. P801-D-79595.
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Figure 38.—Diversion intake structures, reservoir EL 30, Q = 593.6 m%fs.
P801-D-79596.

Figure 39.—Diversion intake structures, reservoir EL 40,
Q = 1472,7 m%s. P801-D-79597.
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Figure 40.—Diversion intake structures,
reservoir ELS3, Q = 2007.9 m¥s.
P801-D-79598.

Figure 41.—Diversion stilling basin operation, reservoir EL 30,

Q = 593.6 m%s, tailwater EL 23.8. P801-D-79599.
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Figure 42.—Diversion stilling basin operation, reservoir EL 40,
Q = 1472.7 m¥s, tailwater EL 30.3. P801-D-79600.

Figure 43.—Diversion stilling basin operation, reservoir EL 53,
Q = 2007.9 m%s, tailwater EL 33.6. P801-D-79601.
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- Figure 44_..—Dive1:siu-n discharge curve (bot_h tunnels bi)érating).'



Figure 45.—Modified selective withdrawal tower for the permanent outlet works. P801-D-79602.
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Figure 46.—Tunnel bend with reservoir EL 85, Q = 422 m%s. P801-D-79603.

el T L R S G Rt

Figure 47.—Oscillating flow downstream of the tunnel bend with reservoir EL 85,
Q = 422 m%s. P801-D-79604.
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Figure 48.—Stilling basin operation for Q = 422 m%s and reservoir EL 85.
P801-D-79605.

Ky

-

Figure 49.—Stabilized outlet works model riverbed. P801-D-79606.
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VELOCITY (m/s)

i

‘ : ' EGEND
3 - e 05m ABOVE BOTTOM OF CHANNEL

j\ . © 2.79m ABOVE BOTTOM OF CHANNEL

o) ' a. END OF TUNNEL NO.l APRON
: : [STA (T-I1) | + 692.16) :
-\

{ l// T

0.79 ‘ 15.29 29.75
4
3 b.9.64 m DOWNSTREAM OF APRON

(STA (T-1) | +70t.76)

0.75 5,25 ‘2978
‘LEFT SIDE (€ OF STILLING BASIN) RIGHT SIDE
DISTANCE (m)

'Figure. 50.—Graphical representation of the velocities downs&eam of the outlet works stilling basin,

Q = 422 m®s, tailwater EL 22.5.
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VELOCITY {(m/s)

N
NS

o

0.7% 15.25 29.75

»

/.

//;

'V

o]

LEFT SIDE {€ OF STILLING BASIN)
' DISTANCE {m)

075 15.28 29.78

RIGHT SIDE

. LEGEND ‘
s 0.5m ABOVE B0OTTOM OF CHANNEL
® 2.79m ABOVE BOTTOM OF CHANNEL

a. END OF TUNNEL NO.I APRON
(STA {T-1) 1+692.16)

b. 9.64m DOWNSTREAM OF APRON
{STA (T—1) i+701.76)

Figure 51.—Graphical representation of the velocities downstream of the outlet works stilling basin,

Q = 672 m¥s, tailwater EL 24.6.
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VELOCITY (m/s)

VELOCITY (m/ss) -

LEGEND -
3 : : : e 0.5m AROVE BOTTOM OF CHANNEL
' : ‘ 2.00m ABOVE BOTTOM OF CHANNEL
L | ©

z AN : END. OF POWERPLANT APRON
\ ~ (95.5m FROM (T—2) STA | + 550

'\ AT *30° ANGLE)
el ‘5:? -

0.2 2.2 2T.8 ' g 2 54.5

LEFT SIDE - (& OF APRON) RIGHT SIDE

Figure 52.—Graphical representation of the velocities present downstream for powerplant uperatlon only,
Q = 250 m%¥s, tailwater EL 20.7. ,

LEGEND
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Figure 53.—Graphical representation of the velocities present downstream for powerplant and outlet works
operation, Q = ‘672 mYs, tailwater EL 24.6.
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Figure 54.—Bellmouth intake structure.
P801-D-79607,

Figure 55.—Vortex at the bellmouth intake
for reservoir EL 70 without the trashrack.
P801-D-79608.
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Figure 56.—Vortex at the bellmouth intake
for reservoir EL 75 without the trashrack.
P801-D-79609.
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Figure 57.—Vortex at the bellmouth intake
for reservoir EL 80 without the trashrack.
P801-D-79610.
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Figure 58.—Vortex at the bellmouth intake
for reservoir EL 85 without the trashrack.
P801-D-79611.

Figure 59.—No vortex formed at reservoir EL 60, Q = 100 m%s, with the
trashrack. P801-D-79612.
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Figure 60.—No vortex formed at reservoir EL 75, Q = 250 m%/s, with the
trashrack. P801-D-79613.

Figure 61.—No vortex formed at reservoir EL 85, Q = 250 m¥s, with the
2 trashrack. P801-D-79614.
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A free pamphlet is available from the Bureau of Reclamation
entitled, “Publications for Sale”. it describes some of the
technical publications currently available, their cost, and how
to order them. The pamphlet can be obtained upcn request to
the Bureau of Reclamation, E&R Center, PO Box 25007,
Denver Federal Center, Bldg. 67, Denver, CO 80225,
Attn: 922.




