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| "’REFACE
Hydraulic model studies of features of Orovﬂle Dam were conducted
in the Hydraulic Laboratory in Denver, Colorado., The studies were
made under Contract No, 14- OG—D 3399 between the Ca.hforma Depaz'r-

ment of Water Resources and the Burean of Recla.mation.

The basic designs were conceived and prepared by the Department
of Water Resources engineers. Final designs were established
through model studies that verified the adequa.cy of the basm desugns

or led to modifications needed to obtain more satlsfa.ctory performance,

During the course of the studies, Messrs. R. A, Hill Chairman of the

board of consultants; and A. R. Golzé, H. G. Dewey, Jr., E. W. Stroppini,
L. O. Transtrum, G. W. Dukleth, and E. A. Menuez, of the California

Department of Water Resources staff visited the 1aboratory to observe :
the tests and discuss model results Mr. Dukleth servef’I as 11a1son
officer between the Bureau and the Department: durmq the flI‘St phase

of the testing program.
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- IN REPLY | BUILDING 53, DENVER FEDERAL CENTER
REFER TO: 1y_ 993 DENVER. COLORADO 80225

September 30, 1965 . L=

Myr. William E. Warne, Director
Department of Water Resources
State of California

Post Office Box 388

Sacramento, California 95802

Dear Mr. Warne:

I am pleased to submit Hydraunlics Branch Report No. Hyd- 510 WhJ.Ch
constitutes our final report on studies conducted on the Flood Control
Outlet and Spillway of Oroville. Dam. I believe you will find this report
interesting and informative, and that it will satisfy the requirements of
your office for a comprehemlve discussion of the extenswe test program.

Smcerely yours, o __
B. P. Bellport . a -
Chief Engineer : - '-

Enclosure
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ABSTRACT

The initial combined flood control outlet and spillway for Oroville
Dam, in which the flow from the bays converged rapidly into a
narrow lined chute, did not operate satisfactorily on a 1:78 scale -
overall hydraulic model, so-wvarious changes were studied and an
arrangement of separa,te structures was approved. Tests on the
1:78 model of the approach channel, flood control outlet, gated
spillway, chute, and river chammél showed other flow conditions
were excellent. The structure was redesigned as separate flood
control outlet and emergency spillway, and the outlet was then
studied on a 1:48 sectional model and the 1:78 model. 'The outlet .
was designed for a normal discharge capacity of 250, 000 cfs at
reservoir el 800, Energy dissipation of the outlet ﬂow was accom-
plished by dispersing the flow with four 23- x 44-ft wedge~-shaped
chute blocks. This dispersed flow landed in a large plunge pool ex- .
cavated in the right bank of the Feather River. Subatmospheric pres- .
sures at small areas of the blocks were eliminated by aeration and a
slight reshaping of the block corrers. Pressures on the bellmouth
entrance surfaces were subatmospheric near the upstream end, but
a more gradually curved bellmouth raised the pressures. Studies
showed that if the flood control.outlet was contained in a gravity dam
section rather than the:preliminary slab and buttress section, the _
vertical face of the’ grav1ty section greatly reduced vortex actlon and
turbulence in the aDDroacrl flow. .

DESCRIPTORS«- control structures/ converging sections/ aprons/
turbulent flow/ cavitation/ discharge coefficients/ water surface pro-
files/ research and development/ negative pressures/ erosion/ *flood
control/ air demand/ flow control/ aeration/ head losses/ hydraulic
models/ model tests/ eddies/ *ouflet works/ vortices/ hydrostatic
pressures/ *stilling basins/ velocity distribution/ flip buckets/ *spill-
ways/ training walls/ turbulent flow

IDENTIFIERS-- California/ Oroville Dam/ *bellmouth entrances/ *chute
blocks/ hydraulic design/ approach channels/ ﬂow d1spers1on/ converg-
ing flow A _
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PURPOSE
# The hydr'aullc model JIlVEStlgatJOIl described in this report: was
conducted to study the adequacy and hydranlic performance of the .
flood control outlet structure and spillway, . including the approach

channel, outlets, chute, energy dissipator, and river channel in A
the v1c1n1ty of the chute termmal structure _ e

CONCLUSIONS |
Part I--The Combmed Flood Control Outlet and §pﬂlway

1. ‘Flow in the- sp:llway and outlet approaches was very good, but
- turbulence at the pier noses caused flow mpmgement on the radial
gate counterwelghts Figure 5.

2. The amount of excavation in the spﬂlWay approaches coulci be
. reduced by approximately 30 percent without adversely affectmg the
spillway flow condltlons

3. Curved wingwalls 1mproved the ﬂow at the outlet entrances,
Figqure 7. .

T B

4. Flow in the approaches was we]_l dlstrlbuted as mdlcated by veloc-
ity measurements, Flgures 10 11, .and 12,

. B. Flow impingement on the counterwelghts of the outside outlet gates, |
- when the outlets only were operating could be prevented by cpening the
spillway gates adJ acent to the ourlets a .small amount.

6. Pressures on the bellmouth surfaces of the outlets were satisfactory,
Flgure 14,




7. The discharge capacity of the outlets was as much as 17 percent
less, and the spillway capacity was shghtly greater than the design
computations, Figure 15.

8. Flow with the outlets only operatmg overtopped the sides of the
center channel and occasionally overtopped the sidewalls of the chute
Figure 17.

9. Merging of the spillway and outlet ﬂows in the center channel was
unsatisfactory; consequently, flow condltlons in the chute were poor,
Figure 18.

10. Lowering the floor of the center channel improved the flow condi-~
tions for all discharge combinations but this solution would requlre
extensive rock exXcavation and costly concrete lmmg :

11. Increasing the rate of convergence of the outS1de walls. caused the
spillway flow to concentrate on either side’ of the outlet flow, resulting
in excessive splashing and spray and overtoppmg of the chute sidewalls,
Figures 19 through 24. : 5

12. This phase of the studies indicated that the combmed' spﬂlway-
flood control outlet could not be readily adapted to chscharge into a
narrow lined channel. ,

Part IT--1:48 Model Studles of the Flood Control Outlet

13. Unsymmetrical operation caused severe drawdown a.nd turbulence
at the entrances of the operating condmts. _

14, Symmetrical flows in the approach charmel were smooth for d1s—
charges up to 200, 000 cfs. _

15. A severe contraction occurred at the end p1er for uncontrollied
discharges up to 125, 000 cfs, before the entrances submerged.
After submergence there was severe surging and turbulence of the
water surface, Figure 31; vortices formed over the entrances for -
discharges up to 200, 000 cfs; above 200, 000 cfs excellent fiow con-
ditions existed at the entrance, Flgure 30.

18, Flow emerging from the ouﬂets .at 100 percent- gate opem.ng
became separated from the roofs because of the excessive curvature
of the bellmouth roof, Figure 33. This flow separation could be pre-
vented by slightly closmg the gates. )

- 17. Modifications to the approach such as warped approach walls
and earthfills at the dam, did not improve the flow COI'Ldlthl’lS suffi-
ciently to warrant their use, Flgure 32.




18. Vertical walls above the entrances reduced the turbulence and
vortex action and eliminated the flow separation in all except the end
bay. A l4-foot-high wall was necessary to 1mprove flow conditions,
Figure 33.

19. Pressures on the bellmouth roof and on the piers were near or
above atmospheric for discharges up to 160, 000 cis. At near maxi- -
mum discharges, pressures as low as vapor pressure were indicated
in the top right corner of the end bay, Figure 35. The 14-foot-nigh
vertical wall improved the pressures in the bellmouth entrances; but
4 fect of gate closure was necessavy to raise all pressures to atmos-
vheric, Figure 36. :

20. Calibration of the outlet structure indicated that the maximum
discharge (277, 000 cfs) would be obtained at the design reservoir
elevation of 91'7 Flgure 37.

2l. Replacing the buttress dam on either side of the outlets with a
gravity dam, Figure 41, increased the surging and vortex action over
the entrances, Fiqure 4o,

22. A vertical wall over the entrances extending to the water surface
eliminated the large vortices, but flow around the end of the wall
created some turbulence and eddymg, Figure 43; curved wingwalls
slightly reduced these eddies.

23. Pier extensmns on top of the sloping buttress roof and in front
of the entrances did not improve the flow, Figure 44; neither was the
approach flow improved by excavating the hillside along the right side
of the approach channel, Figure 4b.

24, Severely subatmospheric pressures were measured in the center
and right corner of the bellmouth rcof of Bay 7 at discharges above
260, 000 cfs, Figure 46; 10 percent gate closure raised the pressures
to a...mospherlc The vertical wall or pier extenswns d1d not improve
the pressures, Figure 47, _ , _

2. The dlscharge capaclty of the structure was about 5 percent greater
than that of the previcus arrangement, Figure 48,

26. Placing the outlets in a gravity dam section, Figure 52, improved
the flow conditions at the entrance, Figqures 54 to 56.

- 27. There was a tendency for the chamnel floor to erode upstream from

' the entrances. The model indicated that this erosion would be 4 to 7 feet
deep and extend about 50 feet upstream along the right side of the approach
channel, Figure 57. Later study on the 1:78 scale model showed similar

- eropsion.




28. Slightly improved pressures were measured in the more gradual
bellmouth roof of this modification, Figure 59, but vapor pressiires .
were noted in a small region in the left side and near the upstream end
of the roof of Bay 8, These pressures could be raised to near atmos-
pheric by closing the gate 9 inches, Figure 60. Pressures a2long the
sides of the piers were satisfactory. _

29. The discharge capacity of this structure was about 3 percent
higher than that of the previous arrangement, Figure 66. The 277, 000-
cis discharge could be obtained at reservoir elevation 908, Figure 67.

Part MI--Approved Flood Control Qutlets, 1:78 Scale Studies

30. Flow approaching the entrances was well distributed and very
smooth, Figure 71.

31. At 277,000 cis a 20-foot-diameter vortex formed over the entrance

of Bays 1 and 2, Figure 73. This vortex could be nearly eliminated by
increasing the height of the left approach wall to elevation 907. A simi- .
lar increase to the right wall created poor flow conditions on the right =
side, Figure 74. _ . :

32. The maximum average velocity in the approach chamnel, for 150, 000
cfs was about 8. 4 feet per second, Figure 76.

33. Bellmouth pressures in the 1:78 model compared favorably with the
pressures in the 1:48 sectional model, Figure 79. The discharge capacity
of the 1:78 model was within 1. 4 percent of the quantities measured with
the 1:48 model,

34. The flow in the chute was very smooth at all discharges, Figure 80.
However, the 277, 000-cfs discharge overtopped the chute sidewalls, Fig-
ure 81, indicating that the walls should be raised about 2 feet in height.

3. Flow from the o'riginal"’flip bucket crossed the river and traveled up -
the far bank, reaching a height of 170 feet above the river water surface,
Figure 84. ' - _

36. Extending the chute to a point near the ‘river entaile‘d a large amount
of excavation but resulted in better energy dissipation, Figure 85.

37. An extensive excavation in the left bank, opposite the chute, did not
improve the energy dissipation sufficiently to warrant the additional exca-
vation, Figures 86 and 87. - B

38. A deep excavation, to elevation 140, in the right bank at the end of the

chute improved the flow conditions, Figure 88, but it was considered im-
practical to excavate below elevation 175. Ten~ to twenty-foot-high sills
at the end of the excavated basin greatly increased the energy dissipation.

4




39. Different types of flip buckets on the chute, Figures 89 and 90,
used in conjunction with the excavation in the right bank resulted in
fair energy dissipation. .

40. Four wedge-shaped blocks, about 23 feet high by 44 feet long by
10 feet wide, placed at an 18° angle with the centerline of the chute
were recommended for the prototype, Figures 91, 92, and 93

41. Small areas of subatmospheric pressures-in and near the chute
blocks were eliminated by special treatment at the upstream end of
the blocks near the invert and at the downstream corner of the side

facing the flow, Figures 100 and 102. There was no air demand at

air vents on the downstream sides of the biocks.

42. A wall on the left bank of the river opposite the chute reduced
the eddy in the river, Figure 108; however, severe erosion occurred
at the end of the wall.

.43, The overburden moved by the impingement of the chute flow on
the left bank will form an extensive deposit that could extend across
the river and adversely affect the powerplant tailrace water surface
elevation, Figure 107.
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INTRODUCTION

Oroville Dam is the principal structure of the mult1purpoue Oroville
Division of the State Water Facilities. This composite structure is a -
major feature of the California Water Plan being accomplished by the
Department of Water R,.sources, State.of California. The 770-foot-
high, 6, 800-foot-long earthfill dam is being built across the Feather ™
River about 5 miles upstream from Oroville, California, Figure 1. T
The dam will create a reservoir with a capacity of 3, 484, 000 acre-~feet,
The principaltydraulic features of the dam are the flood control outlets
and spillway described in this report. Discussions of model studies on
other hydraulic features at the dam have been reported in other 1aboratory
reports.1/,2/,3/,4/,3/, and §/

1/Numbers refer to references at the end of this report.




In the early stages of design, the control structure at QOroville Dam
consisted of a flood control cutlet structure flanked on either side

by a 234-foot-wide overfall spillway. A 400-foot-long concrete apron
downstream from the structure converged the flow into an excavated
pilot channel leading to the Feather River. This roncept was subse~
quently changed by the addition of a 150-foot-wide concrete-linad
chute extending directly downstream from the flood control outlets

to the river, a drop of about 550 feet in a distance -of about 3, 000
feet. The converging training walls of the spillway directed the
spillway flow into the concrete-lined chute, which was designed to -
carry the flood control outlet discharge of 250, 000 cfs; the infrequent -
spillway flows were expected to overtop the lined chute. .

Because the flocd control complex was basically designed to discharge
into a wide unlined channel, hydraulic model studies were initiated to
determine whether the flows from the spillways would satisfactorily
merge with flows from the center flood control outlets into the com-
paratively narrow lined channel.

The model studies indicated that a practicable. method of combining the
spillway and flood control outlet flow into the narrow lined channel was
not apparent. Consequently, the Department of Water Resources pro-
posed a new concept that separated the spillway into two distinet struc-
tures, the flood control outlet and the emergency spillway.

The original combined flood control outlet was investigated with a 1:78"
scale model. The flood control ocutlet for the second concept, and its -
subsequent modifications, was tested in both a 1:48 scale sectional model
and a 1:78 scale overall model. The emergency spillway in the second
design concept was not included in the model studies. -

The results of the investigation will be reported in the order in which
they were studied; Part I contains the results of .the original combined
spillway-flood control outlets study; Part II reports the results of the
1:48 scale sectional model investigations of the flood control outlets;
and Part Il contains the studies of the flood control ocutlets on the over-
all 1:78 scale model. ‘




i

PART I-~-COMBINED FLOOD CONTROL OUTLET AND SPILLWAY

The Oroville Dami“spillway, as'initially tested by the Bureau of :
Reclamation; ‘consisted of a fload control outlet section, flanked by
two overfall spﬂlway sections, Figure 2. Flow converged from the

- 623-foot width of the three sections to a 150~foot-wide chute in a
disiance of 1, 186 feet. The chute, 1,988 feet in length, terminated
in a flip bucket that direcied the flow into the Feather River, approxi-
mately 600 feet helow the maximum reservoir elevation. The over--
flow structure and chute followed clesely the contours of the natural
topography. The flood control outlets included five 27~ by 34-foot
bays separated by 12-foot-wide piers; flow through each bay was con=~
trolled by top seal radial gates, Flgure 3. The invert of the outlets
was at elevation 813.8. The splllway crest was at elevation 868. 0.
Flow over each spillway section was controlled by four 47, 5- by 32-
foot automatically operated radial gates. The flood control outlet was
designed to pass a discharge of 250, 000 cfs at the normal reservoir
water surface elevation 900, At the same reservoir elevation, the
spillway was designed to pass 260, 000 cfs. The maximum combined
design discharge was 650, 000 cfs ‘at reservoir elevation 909. 3.

The testing program for this structure was st0pped when the California

Department of Water Resources decided that the design could not readily
be adapted for, use in a concrete-lined chute.

The 1:78 Scale Model

The 1:78 scale model representing the Oroville Dam spillway contained
the eight bays of the overfall spillway, the five bays of the flood con-
trol outlets, the excavated approach channels, and about 1, 300 by

2, 000 feet of the surrounding reservoir topography. - The convergmg
tranS1t10n apron, sloping chute, and flip bucket-downstream Irom the
gated spillway and flood control outlets were-also modeled Figure 4.
Construction of approximately 3, 000 feet of the Feather. River bed
downstream from the sloping channel was started but not finished be-
fore the design concept was changed.

Water was supplied to the model reservoir through a 12-inch-diameter .
pipe connected directly to the permanent laboratory water-supply system.
The flow was stilled by passing it through a 6-inch~-thick rock baffle.
Model discharges were measured by venturl meters permanently instalied
in the laboratory. Powerplant discharge into the Feather River was sim-
ulated by a separate portable centrifugal pump dlscha.rgmg through a cal-
ibrated venturi meter. N

The reservoir topography and approach chamnels were formed in concrete:
The spillway crests and flood control outlet floor were constructed of




concrete screeded to sheet metal templates. ‘The piers were made
of wood treated to resist swelling. The bellmouth roof and radial
gates were made from galvanized sheet steel. The transition apron,
chute, and flip bucket were made of wood.

Reservoir elevations were measured by means of a hook gage installed
in a stilling well with an inlet located approximately 4 feet downstream
from the rock baffle and about 1 foot tc the rlght of the right edge of the
approach channel.

Pressure measurements were made on *the flood control outlet bell~-
mouths by means of piezometers connected to open-tube manometers. . -

The Investigation

General

The investigations were concerned -with: (1) flow in the approach chan-
nel to the outlet and spillway; (2) flow entering the bellmouth entrances;
(3) the pressure conditions and discharge capacity of the ocuilets; (4) flow
emerging from the outlets; and (5) flow through the overfall spillway
merging Wl’d" the outlet flow in the lined chute.

No studies were made of the part of the structure downstream from the
confluence of spﬂlway and outlet ﬂows

Flood Control Outlet and Spillway Agm-oach Cha.nnel Flow

Initial model operation showed generally good flow conditions in the
approach channel, Figure 5. The broad excavated approaches to the
overfall spﬂlways provided.ample flow area, even for the maximum com-
bined discharge of 650, 000 cfs. Although no excessive drawdown occurred
around any of the piers, the flow surface was rough between the piers due
to turbulence around the pier noses. This surface roughness caused the
flow to impinge on the gate counterweights mainly in the end spillway bays.

When the discharge through the flood control cutlet was greater than that
through the spillways, some drawdown and turbulence occurred in front
of the intermediate plers and upstream along the edges of the spillway
approach channel. The flow over the edges of the spillway approach
channel caused drawdown and eddying to extend about 50 feet upstream
from the pier noses. Because of the lower natural topography on the
right side of the spillway approach, a greater portion of the flow came
from that side and increased the turbulence and drawdown in the right
outlet.

Flow in the approach channel to the outlet was very smooth when only the .
flood control outlet was operating at 250, 000 cfs, reserveir elevation 900, -




Figure 6, A water-surface drawdown of 7 to 8 feet occurred at

the right intermediate pier, and 4 to b feet at the left intermediate
pier. The drawdown was considerably reduced if the spillway bays
adjacent to the intermediate piers were fully opened. At all times,
some eddying was observed just upstream from the flood control
cutlets, and vortices periodically formed. These disturbances car-
ried down through the outlets and caused the flow to impinge on the
gate trunnion in the end bays.

Approach channel changes. ~~The extremely smooth flow over the
spiliway approaches indicated that the approach channel might be
overexcavated. To determine what effect a lesser amount of chan-
nel excavation would have on the approcch flow, the natural topog-~
raphy was restored to within 800 feet of the spillway crest. This
reduction in excavation did not adversely affect the flow appearance
in the approach channel for outlet, spillway or combined operation.

Two types of wingwalls were tested to reduce the turbulence at the
intermediate piers which occurred when the outlet operated sepa-
rately. The walls were attached to the intermediate piers, and the-
first extended 195 feet upstream along the berm edge, and termi- .
nated in a 110-foot radius quarter circle. The 110-foot radius quarter
circle connected directly to the intermediate piers, without the long
extension was also tested. The latter wall created the best flow,

Figure 7, but either wall improved the flow at the intermediate piers.

Approach flow velocity measurement. --A velocity traverse for a com-
bined flow of 62b, 000 cfs was taken at Station 10+71. 50, 50 feet up-
stream from the pier noses in the approach channels of the outlet and
spillways. Vertical velocity proiiles for outlet discharges of 150, 000
and 250, 000 cfs at reservoir water surface elevation 200 feet were
taken in the outlet approach channel at 1b-foot intervals along Stations
10+71.50 and 10+11. 50, Figure 8. Dye traces were used to properly
orient the directicnal flowmeter at each positicn. The dye was fed into
a copper tube which had holes drilled every 0. 3 foot along one side,
Figure 8. The tube was placed upstream from the location of measure-
ment and the meter was oriented according to'the dye traces which
emitted from the holes. L

The flow velocity at 625, 000-cfs combined discharge was guite uniform
across most of the approach channel, Figqure 10, The velocities were
higher near the outside edges of the spillway approaches due to the
reservoir topographv. Tre velocities across the approach channel to
the outlets were slightly lower than those in the spillway approaches.

The vertical velocity profiles showed an even distribution of flow
across the flood control outlet approach channel. The velocity 110
fecet upstream from the pier noses (Station 10+11. 50) was very uni-
form with a maximum variation of less than 2 fps at 250, 000-~cfs




discharge; the velocity 50 feet upstream (Station 10+71. 50} had a maxi-~
mum variation of about 6 fps, Figure 1i. The maximum variation in
velocity for 1580, 000-cfs discharge was about 3 fps at Station 10+71. 50,
Figure 12. The vertical velocity distribution was also very uniform, .
except at each side of the outlet channel where the flow over the channel
sidewalls caused some disturbance. '

Flood Control Cutlet Flow

The outlets were operated separately with the spillway gates closed.

As the reservoir water surface rose, all bays did not submerge at the
same time. The water surface first touched the end bay roofs; when
the end bays submerged, severe.drawdown and vortex action occurred
in the adjacent bays. Bays 2 and 4 were the last to submerge. There
was much turbulence around the right intermediate pier and the pier
adjacent to it. This irregular flow condition caused high surface ridges
in the flow which impinged on the gate trumnions in the end bays, Fig-
ure 13. Opening of the spillway gates a small amount reduced the tur-
bulence at‘the outlet entrances and smoothed the flow emergmg from
the outlets. . :,g

High fins of 'water formed just downstream from the flood control outlet
piers where flow from adjacent outlets met. The size of the fins couid
be reduced by streamlining the downstream ends of the piers.

Spillway Flow

Generally, the flow over the spillway crest was very smooth. The
drawdown around the piers al maximum discharge created a fin of

water against the pier sides which impinged on the gate counterweights.
This was most severe at the extreme left and right ends of the spﬂlwa.y,
but was present to some extent in all bays. During the combined maxi-
mum discharge of 625, 000 cfs, the water suriace of the spiliway flow
was about ‘8 feet hlgher than the flood control outlet water surface at the
downstream end of-the intermediate piers. The difference in water sur-
face levels caused the spillway flow ta drop laterally around the interme-
diate piers, into the Jower flood control outlet channel causing splashmg
and turbulence in the outlet flow.

Bellmouth Pressures

Eleven rows of four piezometers each were installed in the pier walls
and bellmouth roof of the flood control outlets, Figure 14. Adjacent
rows were located in the roof and walls along both top corners of Bay &
and along the top right corner of Bay 3. Three rows were placed at ele-
vation 830. 13 feet or midway between the floor and bellmouth roof on the
" left side of Piers 4 and 6 and the right side of Pier 5, Two rows were
placed along the roof at the centerlines of Bays 3 and 5. These locations
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were chosen as cuitical or representative pressure areas within the
structure.

Pressures were recorded for outlet discharges of about 170, 000 -
200, 000, and 240, 00N cfs, and no flow through the spillway. ,"‘Ile
lowest observed pres.r es about 7 feet of water below atmospheric,
were at the top left side of Pler €, Figure 14. An area at the right
side of Bay 3 roof also reached a subatmospherlc pressure of about .
3 feet. All other pressures were either near or above atmospheric.
All pressures were well above the cavitation range and should have
had no adverse effect on the performance of the structure. -

Discharge Rotig 5 s

A calibration of the model indicated that the discharge capacity of the
flood control outlets was lower than-expected, Figure 15. Thig defi-
ciency in discharge existed for all reservoir elevations above 850 and
was as much as 17 percent at reservoir elevation 865. A rerouting of
the design flood, however, indicated that the reservoir elevation would
be increased only 0..25 foot above that shown for the computed curve
used to route the design flood. The model also showed that the spill-
way capacity was slightly lower than the computed value. :

The combined outlet and spillway operating curve, as determined from
the model, showed a sharp upswing at about 575, 000-cfs discharge, -
This sudden change in the capacity curve was probably due to back pres-
sure caused by the flow unpmgmg on the radial gate counterweights.

A coefficlent of discharge curve for the flood confrol outlet operating .
with outlet gates fully open and the sp:llway gates closed is shown on
“Figure 16. : ..

Chute Avnron

Flow from the spillway and flood control 4A,r;'iut1et discharged onto a con-
verging concrete~lined apron. The portion of the flow from the cen-
trally located flood control outlet discharged into a depressed 183-foot-
wide channel section of the apron that converged.to the 150-foot-wide
chute in a length of about 1, 200 feet., The two spillway sections, one on
either side of the outlet, dlscharged onto apron sections that were about
33. 4 feet higher than the invert of the outlet apron. The sidewalls of the
spillway aprons also converged to the 150-foot-wide chute, and the inverts
sloped downward until they were about 10 feet higher than the outlet mvert
at the upstream end of the chute, Figure 17.

Initial tests indicated that the principa.l problem was to converge a 610- - |
foot-wide sheet of supercritical flow into a 150-foot-wide chute within a
sufficiently short transition to be economically feasible. F.>w conditions




were satisfactory when the outlet discharges were contained within the
center portion of the channel. However, about 400 feet downstream

from the cutlets the flow overtopped the sides of the center channel at
250, 000-cts outlet discharge, spread laterally across the two outside

(or spillway} portions of the apron and impinged on the apron sidewalls,
Figure 17. This caused considerable turbulence, pileup, and occasional
overtop™ing of the chute sidewalls. The turbulence transmitted a large
diamona pattern on the flow surface throughout the dounstream chute.
Greater turbulence and upset flow conditions occurred when spillway flows
were added to the outlet flow. The spillway flow spread toward the center
and passed over the outlet flow. The convergence of these two flows
formed high fins of water which, .at 820, 000-cfs combined flow, over-
topped the apron sidewalls just upstream from the beginning of the 150-.
foot-wide chute and extending downstream for a distance of several hun-
dred feet, Figure 18. These flow conditions indicated that major changes
were necessary to create satisfactory flow conditions for outlet, spillway,

and combined outlet and spiliway discharges. '

First outlet channel change. --Discharges up to 250, 000 cfs would be :
most frequently encountered through the flood control outlet. Changes-
were made in attempts to confine this discharge in the center channel -
and still have reasonably acceptable flow conditions when the spillways
were placed in operation. To accomplish this, the floor of the center
or oullet section of the apron was arbitrarily lowered as far as possible
against the model hox floor., This lowered section extended from the
piers (Station 12+25.63) to the 150~foot~wide chute (Station 24412, Q07)
and sloped to the original floor between Stations 24+12. 07 and 29+00.
The maximum outlet discharge (250, 000 cfs) was completely contained -
in the revised center section and the flow was smooth throughout the
apron and chute. The spillway flow merged with the outlet flow with~
out creating excessive turbilence or overtopping. However, the low-
ered center section would require a large amount of rock excavation
and costly lining in the protofype so it was considered an uneconomical
desing. - 7 ) Pty .

Second outlet changel change. ~-A design containing discharges up to
150, 000 cis in the center section was next tested. Water surface pro-
files for the outlet discharge of 150, 000 cfs was marked on the vertical
sides of the center section, and the center floor was raised the amount
of the difference between the 150, 000-cfs water surface profile and the
top of the spiliway side aprons. B

Discharges up to and including 150, 000 cfs at reservoir water surface
elevation 900 were very smooth., When the outlet discharge was raised .
to 200, 000 cfs, the flow spread as in the initial design, hit the sidewalls
and again caused turbulence and waves in the chute. When the spillway
discharge was added to the outlet flow, the combined flows again caused
exciirer;ﬁ turbulence and splashing in the chute and overtopping the
sidewalls, .




First spillway change. --It seemed that turbulence and overtopping
in the apron and chute might be reduced if the flows could be made
to converge at a lower velocity. This might be accomplished by
merging the flows before the velocity became too great. In the
initial des:l.gn the angle thatthe spillway crest.axis made with the
outlet was 11° 26', ‘The effect of increasing th1s angle was accom-
plished by mcreasmg the angle of convergence of the sidewalls.

To merge the spiliway and outlet flows.more rapldly, three changes
were made which increased this angle,

The first change included sidewalls that; converged on the-center

channel at an angle of 25° and extended from the end spillway piers
at Station 12+05. 86 to the outlet portion of the apron 450 feet down- -
stream. Guide vanes were placed at the ends of the spillway piers
~ to train the flow in the dlrectlon of the smlewalls Figure 18. =

. The maximurm flood control outlet discharge of 250, 000 cfs started
to overtop the raised spillway apron at about Station 15+20 but only
a very small amount reached the sidewalls. The flow was fairly
smooth with only minor turbulence and no overtoppmg of the side~
walls, Figure 18.

A total dlscharge of 250 OOO cfs (150, 000 cfs through the outlet and
50, 000 cis through. each spillway sectlon) was tested next. The
lugher velocity of the spillway flow was. sufficient to cause consid~
erable splashing and turbulence when it merged with the outlet flow,
Figure 20, The water converging irom either side created a ridge
of flow about 30 feet high on either side of the center chamnel. A
diamond pattern with b~ to 10-foot-high fins-of water formed on the
chute. However no overtopping of the sidewalls occurred.

A total discharge of 620 000 cfs {250, 000 cis through the outlet and
188, 000 cfs through each section of the spillway) caused flow condi-
tions which were very similar. Ridges of low in the center channel
reached a 60-foot height. Water from the ridges folded over on top
- of the spillway flows and formed large fins which overtopped the side-
walls at the end of the converging section, Figure 20. ‘The flow also
overtopped the downstream chute-walls at several points. Flow-condi~
tions were generally inferior to those of the initial design; however,

the test did indicate that it might be possible to transmon the flow mto

the narrow chute.

‘,.-,-Second s;glllway chanqe. -—The angle of convergence of the sidewalls
“was cranged from 25 to 168°. The sidewalls were extended to the
walls of the center channel 780 feet downstream from the end of the
outlet piers, Figure 21.- The invert of the apron was the same as in
‘the initial design. The flow, with the maximum outlet d1scharge of
250,000 cfs, spread onto the spillway apron about 300 feet aownsnream




from the outlet exit and struck the apron sidewalls about 200 feet
farther downstream, Figure 21. The flow had sufficient force to
create a 20-foot-high fin of water when it struck the sidewall.
Twenty~five-foot-high waves formed in the main channel downstream
from the point of intersection.

The flow with the combined outlet and spillway discharge of 250, 000
cfs was generally very good, Figure 22. The spillway flow was
smooth; when it merged with the outlet flow, a pileup occurred at
about Station 16+00, but the sidewalls were not overtopped. The
maximum combined discharge of 620, 000 cfs formed the same gen-
eral flow pattern, but the ridge of water was 50 feet high and slightly
upstream, Figure 22. Two similar side flow concentrations formed
and spilled over the curved sidewalls of the transitions with & steady
full stream. Overtopping also occurred at several places farther
down the chute. The extreme overtopping of the sidewalls indicated
that the best angle of convergence should be between 16° and 25°,

Third spilway change. The third change simulated a 22° angle of
convergence of thie sidewalls, which were installed in the shape of

a reverse curve extending from the end of the spillway piers R‘.‘?tatio_n
12+05.86), and becoming tangent to the sides of the center channel at.
Station 18+30, Figure 23. The sidewalls in this arrangement were™; .~
26 feet high, about @ feet higher than the earlier walls. Guide vanes
were again used to train the flow downstream from the spillway piers.
‘The curve for the sidewalls had been derived by experiment, using ad-
justable sidewalls which could be bent to any configuration and choosing
the alinement that produced the smoothest flow conditions.

The maximum outlet discharge of 250, 000 cfs and the combined outlet

and spillway discharge of 250, 000 cfs produced satisfactory flow con-
ditions similar to those of the prev.ous test, Figure 23. The flow struck
the sidewalls just upstream from the 150-foot-wide chute but there was
no overtopping, Figure 24, L :

The maximum combined discharge of 620, 000 cfs had the same general
flow pattern, Figure 24. The merging of the side flows with the center
flow caused 60~foot-high fins which overtopped the sidewalls at the end
of the transition. The flow downstream was highly turbulent and fre-

guently overtopped the sidewalls. - '

Because these preliminary model studies showed that the concept of
- 'a combined spillway-flood control outlet, designed to discharge into
‘a wide unlined chamnnel, .could not economically and practicablybe =
adapted o a comparatively narrow concrete-lined chammel, the
California Depurtment of Water Resources proposed a ra.dically dif-
ferent design that separated the two features.. : '




PART H--1:48 MODEL STUDIES OF TEE
LOOD CONTROL OUTLET

The new desu_m concept for the spillway called for major des1gn
modifications. The spillway was separated into two structures,

the flood control oatlet and a 1, 740-foot-long uncontrolled overfall
crest. The latter, the emergency spillway, discharged into a.
natural channel about 500 feet to the right or northwest of the out- -
lets, Figure 25. Since the emergency spillway would operate only
durmg extreme flood conditions, no model studles were made of
this part of the structure. 3

The flood control outlet, Figures 26 and 27 confnsted of seven
20-~foot-wide by ,,P--foot high outlets L,ont“olled bytop seal radial
gates. The outlet was placed in a sectiofi of a 455-foot-wide slab
and buttress-type dam., Flow from this structure: dler'ha.rged into a
170-foot-wide, 3, 400-foot-lcng, concrete lined chute:which termin-
ated at the Feather River. Since the ﬂood control ouilet was ex-
pected to operate frequently, model studies were macde to.detsrmine
the flow characteristics of the outlet, chute a.nd '|'.h€-‘ Feather R1ver
channel at the end of the chute. H L

Originally two models were planned for th.ls srudy A1 48 Sca.le
sectional model would be used to obtain discharge capacity curves,
bellmouth -entrance pressure data, and flow conditions upstream:

of and through the outlet bays. The second model,+1:78 scale, would
contain the complete outlet structure, including the saven: out.ets

the excavated a.pproach channel, surrounding topography, .ths. ,orcrete-
lined chute, ana a 3, 000-foot egment of the Feather River channel

and would be used to investigate the flow characteristics of the over-
all structure. Because of adverse operating conditions revealed by

the 1:48 model, the overall model of this de51gn was not built.

The 1: 48 Scale Sectlona.l Model

The 1:48 scale sectional model contained the three ‘right-hand bays

(5, 6, and 7) of the seven bays. of the flood control outlets, a
portlon of the approach channel and adjacent topography on the rlght
side of the approach channel, Figure 28, For most tests, a wall

of symmetry was installed Wh.lch extended from the left elde of Bay o
upstream about 400 feet intothe reservoir. The purpose of the wall
was to cause the flow to approach the three bays as if all seven were
operating. Baffles and floats in the headbox were used to still the
inflow and assure evenly distributed, smooth flow in the approach
channel. Pilezometers were installed at eritical locations in the roofs
and sides of the bellmouth entrances of Bays 5 and 7. The model
topography was constructed with concrete mortar placed on wood and -
expanded metal lath forms. The cutlet piers, bellmouth roofs, and*"
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the dam face were built of wood. The floor of the outlet and the’
-approach were formed in concrete, Figure 28.

Except where noted, all discharges in this report are given as total
prototype discharge, through the outlets assuming all seven bays
were operating. - _ - '

The Invegticgatidn of the First Modification
to the Flood Contirol Cutlet

Without Wall of Symmetry

Without the wall of symmetry, model flow conditions were repre-
sentative of prototype flows through the three right-hand bays only.
Although this was not a probable prototype operation, flow condi-
tions were observed in the model for several discharges with the
gates full open. -

In general, flow approaching the outlet was smooth; however, most
of the flow that entered Bay 5 (the left-hand bay of the three oper-
ating bays) came from the left side of the reservoir, moved-parallel
with the dam and made an abrupt turn into Bay 5. This caused
about a 16-foot-deep drawdown in the water surface around the pier
on the left side of Bay b for discharges between 20, 000 and 50, 000
cis (three bays operating). At 55,000 cfs the entrances became
submerged and the drawdown was reduced to about 4 feet; for dis-
charges greater than 70, 000 cfs the submergence was sufficient to
eliminate all drawdown. The flow entered Bays 6 and 7 from almost
directly upstream and negligible drawdown occurred around the
piers of Bays 6 and 7 at any discharge,

When the discharge was about 64,000 cfs, small vortices formed
over the entrances of Bays 6 and 7; as the flow increased to the
maximum (119, 000 cis), the small vortices merged into one large
vortex whose tzil allernated between Bays 6 and 7, Figure 28. The
tail of this vortex carried down through the outlets and caused the
flow to separate from the roofs of Bays 6 and 7, Figure 29,

With Wall of Symmetry

The wall of symmetry was installed in the mode) for the remaining
test program. With the wall of symmetry, the spproach flow for
discharges up to about 200, 000 cfs (assuming. %} seven bays in oper-
ation), was smooth and straight and was corifined within the excavated
approach channel. “The flow entered and passed through Bays 5 and 6
with no excessive turbulence, Figure 30, However the flow moving
down the right side of the channel impinged on the vertical surface to
the right of Bay 7. This deflected the flow toward the left, causing

a severe contraction around the end pier, Figure 31. Bay 5 flowed
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full at reservoir elevation 853.4 {@ = 100, 000 cfs), Figure 31; how- -
ever, due to the contraction, Bay 7 did not fill until the reservoir
was raised nearly b feet (Q = 125, 700 cfs).

After all bays submerged, there was extreme turbulence above the
outlet entrances, as shown for the 150, 000-cfs discharge in Fig- s
ure 31. The contraction on the right side of Bay 7 resulted in a

depressed water surface above Bay 7 and a boil above Bay 5.

Severe vertical surging as well as horizontal oscillation of the water
surface above the entrances created intermittently an 8. to 10-foot
difference in water surface along the face of the outlet.

At a discharge of about 200, 000 cis the reservoir water surface over-
topped the topography on the right side of the approach channel and -
spilled into the area excavated for the footing of the dam; the flow
then moved along the dam toward the outlet. This st:_cong lateral flow
caused severe vortices and turbulence over the entrances. The vor-
tices in front of Bays 5 and 7 were about 20 feet in diameter. Flow
also moved across the topography into the approach channel and
formed a large turbulent eddy along the right side of the channel.

The vortex actlon and turbulence diminished as the reservoir water
surface elevation increased. Near the 277, 000~cfs discharge the
vortex action was intermittent and occurred only upstrea,m from

Bay b, Figure 30. : :

Qutlet Flow ,
Flow emerging from the outlet was not entirely satisfactory because
of roughness in the water surface and separation of the flow from
the outlet roofs. These adverse conditlons were partly due to the
poor entrance conditions and partly because of the bellmouth roof
shape. Tlow around the piers was very satisfactory

The shape of the bellmouth roof ‘was defmed by the equatlon
x3 . y8 _
192 " 102
~ feet long instead of the 19.00-foot length required to form the full
bellmouth. Generally the flow downstream from the bellmouths was
smooth for discharges up-to and including 200, 000 cfs, except in '
Bay 7. The adverse flow conditions on the upstream side of Bay 7

and around the end pier carried through the outlet aud created a de-
pressed water surface in the center of the bay and a large fin along the
right pier, Figure 30, For a discharge slightlybelow 250, 000 cis,

the flow began t0 separate from the downstream portion of the bell-
mouth roofs. This separation, which became greater as the discharge
increased, occurred in all bays and may be seen in Figure 30 for dis-
charge of 100,000 and 277,000 cfs. At 277,000 cfs the flow separa-
tion in Bay 5 was less, but never completely disappeared. The outlet

=1, Figure 27, This curve was guite abrupt and was 18 6‘7
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could be forced to fill by blocking the downstream end of the bays,
but when released, the flow would almost immediately separate
Irom the roof of the outlet, There was no separation in Bay 5 when
the discharge was Increased to 284, 000 cis; the separation from
the roof of Bay § was intermittent and the bay flowed full much of
the time. BSeparation also cccurred in the right half of Bay 7 and
was persisient for discharges above about 200, 000 cfs.

Changes in the Approach Channel

Several design changes were made in attempts to improve the flow
conditions in the approach channel and through the outlet.

Approach channel sidewall transition.--A warped transition was
placed along the right side of the approach channel upstream from
the outlet entrance, Figure 32. The transition extended 100 feet
upstream from Pier 8 and merged with the 0, 5:1 side slope. The
approaching flow and flow into the bays were very smooth for
discharges up to 100, 000 cis because the'water surface reached
only as high as the fransition. The warped wall prevented the
severe contraction at the right side of Bay 7 for discharges up to
150, 000 cfs. At 150, 000-cifs discharge a slow eddy formed at the
right corner of Bay 7 depressing the water surface about 3 or 4
feet. At the higher discharges the flow was similar to that with-
out the transition. Strong vortices still formed over the entrances.
The transition did not improve flow conditions at the entrance suf-
ficiently to warrant further investigation; therefore, no other
lengths or types of transitions were tested.

Filled depression at dam. --Initial tests had shown that the 1.5:1
sloping excavation upstream from the dam face, Figure 26,
created some adverse flow conditions; therefore, it was filled
with gravel to the natural ground line, Figure 32, At all uncon-
trolled discharges the flow conditions were either unaffected

or improved by the fill. The fill reduced the strong constant
vortex, which initially formed at 200, 000 cis, to a large turbu-
lent eddy; at the maximum discharge the fill made little differ-
ence in the flow appearance.

Vertical wall above outlet entrances. --The next medification was

a vertical wall placed apove the outlet entrances. The first wall
extended from the bellmocuth roof 10 above the maximum reservoir
water surface, elevation 917; the face of the wall was tangent to
the nose of the bellmouth, Figure 33. This wall improved the

flow conditions at the bellmouth entrances. The vortex action was
slightly reduced by the addition of the high wall;.-however, lower
walls did not appreciably change the vortex size. The high wall
eliminated the separation in Bays © and 8, although it had no effect
on the flow separation in Bay 7, Figure 33.
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AN of the walls were effective in preventing separation in Ba.ys b
and 6, but had very little effect on the separztion in Bay 7. The
lowest wall that was tested was 3 feet high.

A wall extending above the reservoir water surface was most -
effective, however, a l4-foot-high wall would provide satisfactory v
flow conditions. _

Pressures in Outlet

Sixty-nine plezometers were placed in the roofs and along the sides
of Bays b and 7, Figure 34. In Bay b, piezometers were located
along the centerline and right side of the roof and along the right e
side at the roofline and 16. 35 feet above the invert. In Bay 7 pie- Nk
zometers were placed in the same relative locations as in Bay b, S
but an additional row was placed in the rcof near the left wall a.nd
two rows were installed on the left side, one at the t'ooﬂme and the
other 16. 35 feet akove the floor, . :

Pressu.re measurements were made at di'scharqes of 150, 000 and

2777, GO0 cfs with the radial gates fully open anw-with the wall of
symmetry in place;- Pressures for the 277, 000-cfs discharge W1th
three model arrangements are shown in Flgure 35. The minimum
observed pressure was equivalent to 7 feet of water below atmos-
pheric. Pressures for the 150, 000-cfs discharge followed the same
trend but were considerably higher than for the 277, 000-cis discharge.

Pressures without wzll of symmetry. --Without the wall of symmetry,
the model represented flow through the three right-hand bays only. The
appearance of the flow indicated that most of the flow came from the
left, moved along the face of the dam, and made an abrupt turn into the
openings, Flow approaching the outlet in this manner generally re-
sulted in reduced pressures on the right side of the piers and the

left corner of the roofs and higher pressures on the left side of the
piers and right corner of the roofs, Figure 35. ~The pressures in

the right corner of the rcof and on the left side of the piers were as
much as 20 feet of water higher for unsymmetrical operation than

for symmetrical operation. The pressures on the right side of the
piers and in the left corner of the roofs were generally slightly lower
during unsymmetrical operation.

Pressures with wall of symmetry, -- Model operation with the wall
of symmetry réprésented 1low conditions when all seven bays were
discharging, IFor the maximum discharge, subatmospheric pres-
sures equivalent to vapor.pressure were measurea in the upper
right corner of Bay b about 5 feet downstream from the pier nose,
Figure 35. _
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Generally, all observed pressures along the roofs of the bellmouth
entrances were below atmospheric from a point about 3 feet down-
stream from the pier noses. Pressures on the sides of the piers
at the roof were usually the same as the roof pressures. The
pressures onthe side of the piers 18. 35 feet above the floor were
above atmuspucric <xcept for Pier 8. At Pier 8 the water sur-
face drawdown as the flow enterec the outlet was reflected in sub-
atmospheric pressures equivalent'to about 8 feet of water. The
separation of the flow from the roof on the downstream side of
Bay 8 was also indicated by atmospheric pressures recorded in
this area. It was noted that just before the flow separated from
the roof the pressures momentarily reduced to approximately vapor
pressure.

Pressures with vertical wall over entrances, --Pressure measure-
ments obtained with a 14-foot-high veriical wall over the entrances
showed that all pressures were increased 1 to b feet, Figure 35.
Pressure observations made with other vertical walls in place
indicated that the pressures were increased a maximum of 5 fest
when test walls ranging from 3 feet in height to one extending to the
maximum water surface elevation were tested.

Kffect of gate closure. --Tests were made to determine the amount
of gate closure necessary to raise the bellmouth presgures 1o an
acceptable level for maximum reservoir elevation 917. Tests
were made with the gates lowered 1, 2, and 4 feet below maximum
opening. The tests showed that the gates should be lowered about
4 feet to assure atmospheric or higher pressures in all areas of
the bellmouth entrances for maximum reservoir elevation. One
foot of closure brought most of the pressures to nearly atmospheric
or above, One area, however, along the right top corner of Bay 7
about 4 to 5 feet downstream from the nose of the pier, remained
at nearly 20 feet of water below atmospheric until the gates were
lowered 4 feet, Figure 38, - ‘

Discharge Rating

A discharge capacity rating curve for the outlet, with the wall of
symmetry installed, was obtained from the model. This curve was
superimposedor the design rating curve, Figure 37. The maxi-
mum deviation of the curves occurred between discharges of 100, 000
and 200, 000 cfs, where, for a given discharge, aboui a 2-foot lower
reservoir elevation was indicated by the model., The curves were
coincident at the upper and lower ends, A discharge coeificient
curve, computed from the discharge rating data, was superimposed
on the design coefficient curve, Figure 38, and indicated a maximum
deviation from the design curve of about:4 percent.




Investigation of the Second Modification to the
" Flood Control Outlet*

Tests on the f:l_‘ * modification had mchca.ted that adverse flow and

pressure condi '1s could be alleviated by certain basic changes in
the configuratioi. f the structure. The second modification to the

flood control outl mcorporated these changes.

For the second modﬁlcatlon, the portions of the buttress dam on
either side of the outlet were replaced by gravity sections. The
flood control outlet was still contained in the buttress section near
the center of the dam, Figure 38, The only change to the buttress
section containing the outlet was the addition of a 7. 73- foot-high
vertical wall above the belimouth entrances, Figure 40. Wingwalls
extended from both end piers upstream at a '45° angle and merged
into the approach chamel sidewalls, The wingwalls and the back-
i1l behind the right wall were terminated at elevation 864.0, or the
same elevation as the top of the wall over the bellmouth entrances

The model, altered to mclude these changes, is shown in Figure 41,
The model deviated from the design drawings in one respect; the
cut adjacent to the upstream face of the gravity dam was filled with
gravel. Test results on the first modification had shown that this
change would Improve flow conditions at all discharges when the

reservoir was above elevation 875.

Approach Chamnel Flow

Flow in the approach channel was generally smooth for all discharges
up to 150, 000 cfs, Figure 42. Some drawdown occurred at the out-
let entrance on the right side of Bay 7 and increased from 1 foot at
75, 000 cfs to about 4 feet at 100, 000 cfs. The water surface over the
entrances started to surge when the discharge reached about 128, 000
efs, The maximum surge {about 5 feet vertically), occurred at a dis-
charge of 150, 000 cfs. Flow along the wingwall was smooth W:Lth
about a 1- to 2-foot rlse in water surface at the wall,

The approach flow contlnued to be fairly smooth as the chscharge

was maintained at 150,000 cfs and the reservoir water surface was
raised to elevation 900 by adjusting the gates. Some turbulence was
noted in the apprcach channel and was caused by the shallow flow -
passing over the right topography and entering the deeper flow in the
excavated approach channel., Vortices began to develop intermittently
when the outlet entrances became submerged. - When the reservoir
reached elevation 900, a continuous 20-foot-diameter vortex formed
in the otherwise smooth approach channel.” The vortex located con-
stantly over the Bay 7 entrance, Figure 42.

For the uncontrolled discharge of 250, 000 cfs at about reservoir water
surface elevation 900, the vortex also remained constant but increased




in size to about 25 to 30 feet in diameter at the water surface. A
swirl around the vortex extended across the entire approach area
and created much turbulence. The water surface was smooth at the
277, 000-cfs discharge and was broken only by an occasional small
vortex, Figure 42. The maximum size of the vortex at the sur-
face was about 8 feet in diameter.

Qutlet Flow

The flow emerging downstream from the outlet was generally smoocth
for uncontrolled discharges up to 150, 000 efs, Evidence of the

large vortices began to appear in Bay 7 as the reservoir water sur-
face rose above elevation 890, The large vortices that formed over
ihe entrance of Bay 7 at gate-controlled:discharges of 160, 000 cfs
and free flows of 250, 000 cfs with reservoir water surface eleva-
tion 800, caused heavy rolling, splashing, and aeration of the flow
emerging from the outlets, Figure 42. The flow emerging from
Bay 7 continued to be highty turbulent and aerated for discharges up
to 277, 000 cis even though the vortex action had subsided,

The separation of flow from the roofs of the entrances was not as
great in this modification. There was no separation in Bay b and
there was no apparent separation in Bay 7 despite the turbulence and
aeration. A small amount of separation occurred in the center of
Bay 6 at the 277, 000-cfs discharge, The separation in Bay 6 disap-
peared at discharges above 277, 000 cis but considerable turbulence
still existed in the flow emerging from Bay 7.

Design Changes

Several attempts were made to eliminate the vortices and improve
the flow conditions by modifying the entrances. :

Vertical wall above outlet entrance. --The vertical wall over the
outlet was extended Irom elevalion 864.0 to above the maximum
reservoir water surface and was terminated at the edge of the but-
tress outlet section, Figure 43.

The high wall virtually eliminated the large, constant vortices,
Flow passing around the right end of the wall, however, created
some turbulence and eddying. Several curved wingwalls were
tested to reduce these adverse . flow conditions. The most effec- -
tive wingwall extended from the vertical wall on about a 5-foot
radius to a straight wall which extended at a 45° algle back toward
the face of the dam.

To determine the minimum wall height necessary to provide
satisfactory flow conditions, the height was varied in:5-foot
increments. The first discharge to be tested in this manner was
150, 000 cfs at reservoir water surface elevation 800, which had
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produced the 20-foot-diameter vortex with the 7. 73-foot-—h1gh
wall. Increasing the height of the vertical wall & feet reduced
the size of the vortex slightly and caused it to occasionally
disappear. Ten feet of additional wall height reduced the vor-
tex to about 12 feet In diameter. Fifteen feet of additional
vertical wall created a smooth surface with a few small whirl-
pools and occasionally a sporadic vortex with diameter up to

6 feet, Figure 43. A Z0-foot-high addition to the wall height
made the surface almost smooth with a few whirlpools and very
little vortex action. Twenty-five feet of additional vertical
wall was only slightly better than the 20-foot height.

A similar test was run for 250, 000-cis free discharge. With
the 7. 73-foot-high wall there was a 25- to 30-foot-diameter
vortex in the center of a large swirl continually covering the
entire approach area. The addition of 5 feet of vertical wall

to the initial structure did not improve the flow conditions.

Ten feet of additional height caused the vortex to become inter-
mittent, occurring only about 50 percent of the time. A strong
eddy always was present when no vortex was observed, Fifteen
fect of additional wall height reduced the vortex action to the
extent that a vortex about 14 feet in diameter developed occasion-
ally for a short period of time; eddies and whirlpools occurred
continually over the outlet. Twenty feet of additional wall height
further reduced the surface roughness and vortex action, Very
infrequently a vortex up to 6 feet in diameter developed for a
short time. Twenty-five feet of additional wall improved the
flow conditions slightly. The vertical walls did not materially
improve the flow at 277, 000-cfs discharge. The tests indicated
that the 15-foot-high wall eliminated most of the turbulence and
vortices. Higher walls were progressively more effectlve in
preventing the turbulence and vortex action.

Pier extensions at the outlei entra.nce. --Tests were made with
two different fypes of pler eXtensions in an attempt to improve
the flow conditions. In the first arrangement the piers were
extended vertically upward to the maximur reservoir water
surface. These extensions were fastened atop the sloped up-~
stream face of the buttressed section of the dam. For the
second arrangement, the pier noses were extended 16 feet up-
stream. The tops of these extensions also terminated above

the maximum reservoir water surface. A third test was made
combining both arrangements, Figure 44. All of these arrange-
ments broke up the larger vortices, but created extensive vor-:
tex action in the chambers between the extengions., For a dis-
charge of 180, 000 cfs with the reservoir water surface at
elevaticn 90C, a 5-foot-diameter vortex formed almost contin-
uously in the chamber over Bay 7, a slightly smaller vortex
formed continuously over Bay 6. Cver Bay 5, the water surface
was usually smooth, but was broken occasionally by a small




vortex. At a 250, 000-cfs free discharge, a vortex filled the
chamber over Bay 7. The flow in the chamber over Bay 6 was
turbulent and was broken by strong eddies, and a vortex formed
intermittently mest of the time, The flow over Bay H'was usually
smooth. At a discharge of 277,000 cis, vortices up to about

5 feet in diameter formed 1nterm1ttent1y in Bays 6 and 7, and

© turbulence and intermittent eddying occurred over Bay B.

The second arrangement (upstream pler extensions) and the com-
bination arrangement were both tested with the same discharges.
The flow conditions were all generally worse with greater turbu-
lence and stronger vortices than those observed in the first test;
therefore, no further testing was done with pler extensions.

Revised approach topography. --In an attempt to improve the flow
conditions 1n the outlet, the topography to the right of the approach
channel was arbitrarily excavated to elevation 864, the same - -
elevation as the top of the approach transition wall and backfill,
Pigure 4b, At 150, 000-cfs discharge with the reservoir water
surfzce controlled to elevation 800 and at 250, 000-cfs free dis-
charge, the flow appearance was very similar to that observed
before the topography was excavated. At the 277, 000-cfs dis-
charge, the water surface in the approach channel was very smooth
with a very small vortex appearing occasionally.

There was no evidence of improved flow which would warrant the
removal of additional topography to the right of the excavated ap-
proach channel :

\_\

Pressures 1n Bellmouth Fntrance

Pressures in the bellmouth outlet was again . recorded w1th the sec-
ond modification to the cutlet. The piez zometer locations were the
same as for the first modification and are shown on Figure 34.
Although pressures at all piezometers were read, only the most
highly subatrnospheric are discussed. The lowest observed pres-
sure conditions were found in the top right corner and the center

of the roof of Bay 7. The pressures were acceptable for discharges
up to about 250, 000 cfs; at-higher discharges some pressures were
highly subatmos:pherlc and approached vapcr pressure @t 277, 000
cfs, Figure 46. The lowest pressures were located in‘the top right
corner of Bay 7. 4 é‘
A small amount of gate closure improved the subatmospheric pres-
sures, but about 10-percent closure was necessary to assure above-
atmospherlc pressures at all piezometers,
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Pressures were also recorded with the 15-foot-high vertical wall
installed over the entrances., The effect upon the pressures by
this ac dition may be seen by comparing Figures 46 and 47. No .
appreciable pressure changes occurred for a 150, 000-cfs discharge,
or at the 277, 000-cfs discharge. However, 8 to 10 feet lower pres-
sures were observed with the wall installed for discharges between
about 175, 000 and 250, 000 cfs, ' :

None of the pier extensions had significant effect on the pressures.
There was some redistribution of h'gh- and low-pressure areas,
but 'no important differences were noted.

" The lowered topography caused unfavorable pressure changes. Some
pressures in Bay 7 were as much as 10 feet lower at 250, 000 cis,

Al pressure tests indicated that a more gradual bellmouth roof
shape was needed to prevent severe subatmospheric pressures.

Discharge Capacity

‘The discharge‘capacity rating curve obtained for the second modi-
fication to the outlet design showed an increase in the uncontrolled:
discharge capacity for all reservoir levels above elevation 855, In
the region of 150, 000-cfs discharge, the reservoir elevation was
about 2 feet lewer than that obtained with the initial modification,
and at maximum discharge the reservoir water surface elevation
dropped frcem about 917 to about 810, Figure 48,

The 1b-foot-high vertical wall and the pier extensions over the
entrances had no effect on the discharge capacity. The pier exten-~
sions upstream of the pier noses in conjunction with the extensions
above the roof caused a decrease in the discharge capacity. This
resulted in a reservoir water surface elevation that was as much as
1 foot at 150. 000 cfs, and about 3 feet at 277, 000 cfs, higher than
- that for the injtial design. . , -

The lower td;pographyhad no éffeét at discharges below 100, 000 cfs
or above 200, 000 cfs, but required a slightly higher reservoir eleva-
tion between these limits. o _

A'discha.i-ge versus;_réservoir elevation rating was dbtajned for gate
openings of 8, 16, 24 feet, and full open, Figure 49, for the second
modification of the outlet., Al gates were opened equally for this
test. ' : : o §

A discharge coefficient curve was plotted, Figure 50, from the
model discharge rating data. The curves representing the prelim-
inary design and model data for the first modification were also
included for the purpose of 'comparison, 'The increased capacity of
the second modification is etident from this curve.. The coefficient




of discharge (Cgy} is definedas Cqy= —~S__ where A = area of

: AVZ2agH
the passage at the gate and H = head on thé gtvzc-;an’tt-;’rline of the gate
operning. E

The discharge coefficients for the second modification were as
much as 4. 9 percent higher than the design coefficient for the
first modification.

Investigation of the Third Modification to
Flood Control Cutlet {(Recommended)

The third modification to the flood control outlet and that which was
ultimately adopted was substantially different from the previous
outlet designs. The outlet was contained in a gravity dam section,
Figqures 51 and 52, which provided a vertical wall over the entrances
instead of the sloping wall of the butiress dam used in previous ar-
rangements; curved wingwalls were located on either side of the
outlet entrances. An eighth bay was added and the bay width was
reduced from 20 feet to 17 feet 7 inches. The outlet chute width was
increased from 150 feet to 178 feet 8 inches, The chute alinement
and invert slope were unchanged. The approach channel was widened
to 178 feet 8 inches ai the outlets and the sides flared 5° in an up-
Stream direction. The bellmouth roof shape was made more gradual
by changing the ratio of the axes of the elliptié:al curve from 1,9:1
_ ) '

to 3:1. ‘The equation of the new curve was Z— + = 1, along the

s 53t m T o
direction of flow., The dividing piers and the top seal radial gates
(except for width) were not changed.

Portions of the 1:48 scale sectional model were reconstructed o
repréesent the gravity dam outlet design, Figure 53. Four bays of
the outlet section were built and included the new bellmouth shape
and narrower bay width. The curved entrance wall on the right
side and the diverging approach channel sidewall were added. The
wall of symmetry was moved to the left to accommeodate the four
bays represented in the model, and four new radial gates were con~
structed. Piezometers were installed in the piers and roof of the
outlet bays, in locations similar to those in the previous model,

Flow in Approach Channel and Outlet

The flow in the approach channel and through the outlet was generally
smooth. The turbulence, roughness, and vortices were very small
and of minor importance. The approach flow for uncontrolled dis-
charges up to about 100, CJ0 cfs was extremely smooth, with no draw-
down at the piers, Figure 54. Some turbulence was created by flow
over the right side of the approach channel about 350 feet upstream




irom the vertical face of the dam for a discharge of 100, 000 cfs;
this turbulence was almost entirely smoothed out vefore the flow
reached the outlet entrance. A ridge in the flow surface.in the
center of the bays was formed by the flow around the blunt pier
noses. This ridge touched the roofs of Bays 6 and 7, nearly
touched the roof of Bay 5, and cleared the roof of Ba.y : by 4to 6
feet,

Smooth flow conditions were also noted for 125, 000-cis discharge,
Figure b4. The right half of Bay 8 was just submerged due to a
slight drawdown in the flow around the curved approach wall, while
the water surface along the remainder of the outlets fully sub-
merged the openings. There was a gentle oscillation of the water
surfzce close to the outlet,

The approach flow for 150, 000 cis was also very smooth, Figure 55,
The roughness created by side flow over the right topography had
moved downstream about 50 feet but was smoothed out before reach-
ing the piers. Some turbulence was noted in the-water surface and
was caused by the flow around the curved approach wall, The .
roughened water surface near the outlet oscillated vertically about
2 feet except over Bay 8 where it fluctuated about 4 feet. There

was also an 8- to 10-foot horizontal oscillation of the roughened
surface in front of the dam. A vortex-like swirl and about 4 feet

of drawdown in the water surface formed at the right corner of Bay8.
The flow through and emerging from the bays was smooth, The ‘
fiow surface cleared the gate trunnion by about 8 feet.

The approach flow was very smooth at 277, 000-cfs discharge, Fig-
ure bB. An occasional small vortex for med the largest vortex was
about 8 feet in diameter. Flow through and emerging from the

bays was generally smooth; however, some aerated water appeared
intermittently downstream from the roof in Bay 8. There was about -
4 feet of clearance between the maximum water surface and the gate
trunnion,

Approach Cha.rmel Erosion

‘To determine the erosive tendencies upstream from the outlet struc-

ture, the approach channel invert was formed in 3/4-inch gravel,

to represent 3-foot-diameter prototype riprap, Figure 57. There

was very liitle apparent “1prap movement for dischargesupto

250, 000 cis;. at 277, 000-cis riprap was removed from an area extend-

ing about 5] feet upstream from Bay 5 to about 50 feet upstream along

the right side of the channel; riprap was removed to an average depth
of 4 to 7 feet, and the deepest area was in front of Bay 8, Figure o7.

QOutlet Pressures

The piezometers installed in the modified outlet bellmouths were
located as shown in Figqure 58. Piezometers 1 through 45 were
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located in the roof along the sides and centerlines of Bays 6 and 8.
These locations were similar to those of previous tests to obtain
comparative data, and were chosen so that-the-data could be com-
pared with U, S, -Corps of Engineers’' tests of similar bellmouth
shapes. 7/ )

Piezometers 46 and 47 we:'¢ added to measure pressures at the
stoplog slot; Piezometers 48 and 49 recorded pressures at the
leading edge of the outlet floor; and Piezometers 50 and 51 were
added to measure pressures at the pier nose below the bellmouth
roof. Piezometers 8a, 17a, 26a, and 35a also were added later
to cover additional aréas of the bellmouth,

Pressures were plotted for the 277, 000-cfs discharge, Figure 59.
Generally, the pressures were higher than they had been for the
previous bellmouth shape. Pressures were considered tobe -
within an acceptable limit if they did not exceed 20 feet of water
below atmospheric for extreme operating conditions. Pressures
in a limited area along the roof of Bay 8 from about 3 to 4 feet
downstream from the pier nose exceeded this limit at the 277, 000-
cfs discharge. These pressures were recorded at Piezometers
25, 26, and 35 and ranged from 20 to 32 feet of water below at-
mospheric., Tests were made to determine what operating condi-
tions might bring these pressures up to an acceptable level.

One test was run to determine the maximum free-flow discharge
which could be passed without creating highly subatmospheric
pressures. The lowest pressure recorded for 234, 000-cfs free
discharge was 10. 2 feet of water below atmospheric (at Piezom-
eter 26), Figure 60. This discharge, which occurred at reservoir
water surface elevation 891, was considered the highest uncontrolied
discharge which would assure acceptable pressures in the outlet.

A second test was run te determine the minimum amount of gate
closure required to raise the pressures to an acceptabile level.

Tests were run with all gates equally lowered 3 and 9 inches from
the fully open position, while the reservoir water surface was

held at elevation 807, Figure 60. A 268, 000-cfs discharge could be
passed with the gate lowered 3 inches at this reservoir elevation.
Although the 3-inch closure raised the pressures considerably, pres-
sures equivalent to about 20 feet of water below atmospheric were
still recorded at Piezometers 25 and 26. P

About 264, 000-cfs was passed with the gates lowered 9 inches. This:
amount of closure raised pressures at most of the piezometers to .-
atmospheric or gbove. The lowest pressure recorded at Piezom-
eter 26, was 12 feet of water below atmospheric, Assuming a straight
line relationship for gate closure versus pressure at Piezometer 28,
acceptable pressures would be obtained at about 4.3 inches of gate




closure. At this opening a discharge of about 265, 000 cfs could be
passed at reservoir water surface elevation 907.

These tests indicated thai®®e pressures would be satisfactory for
uncontrolled discharges up to 150, 000 cfs, for gate-controlled
discharge of 150, 000 cfs with the reservoir water surface between
elevations 864 and 900, and for gate-controllied discharges from
185G, 0Q0 to 234, 000 cfs at reservoir water surface elevation 900. A
minimum of apout 4 inches of gate closure would be requirea for
releases between 234, 000 to 265, 000 cfs which could be passed with
the reservoir at elevation 807, Thus, the outlet would be subjected
to highly subatmospheric pressures.cnly in extreme operating con-
ditions and then probably for sheriperiods of time, _ -

Comparison to Corps of Engineers' éata, --Pressure data obtained
from the Oroville model was compared with similar data obtained
in model tests performed by the Corps of Engineers.?7/ Pressure
profiles obtained from the Oroville model were superimposed on
published Corps' data for a similarly shaped bellmouth entrance,
Figure 61. The Corps' model entrance was flared on the top only,
the invert and sides were straight walls extending sufficiently far
upstream to avoid contraction effects at the bellmouth. This
arrangement would simulate operation of adjacent bays of a multiple
bay structure having little or no flare on the sides, The Oroville
outlet entrances were flanked by piers with rounded noses, a con-
figuration similar to the Corps' arrangement. A very close com-
parison of results was found as shown on Figure 61. A large pres-
sure drop was noted for both models near the leading edge of the
bellmouth. T

The Corps' data have indicated that pressures would be higher if
the bellmouth entrance was flared in three directions. However,
the Oroville piers were sufficiently flat to simulate an entrance
flared on top only. With this type of entrance restriction, it would
be necessary to use the next flatter curve (Type D) to raise all
pressures to a safe level at the extreme operating conditions. Ac-
cording to the Corps' data an ellipse with the equation ‘

X2 7o . ' .
= 1 would also produce adquately high press S.
-]SZ -+ (D/E) p 1} q Y g pr ure

These shepes, hoWevegr, would require longer outlets and \irould .
result inhigher prototype construction costs.

Press.ives for Bay 8 only operating. --Piezometers will be installed
In Bay © oi the;prototype outlet structure. Prototype pressures
will .oe measured with one bay operating at several representative
conditions and compared with the model data. Pressures for these
representative conditions were obtained in the model with Bay 6 *
o:uly operating, Figure 62. These pressures will become signifi-
scant only when they can be compared with data obtained from the

. “prototype., o
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Dynamic pressures. --Six piezometers which had indicated the
lowest subatmospheric pressures were also tested for dynamic
pressure response, Figure 63. The pressure measuring system
consisted of a short length {about 2 to 3 feet} of rigid plastic tube
between the piezometer and the pressure transducer. Unbonded
strain-gage-type differential pressure transducers were used which
had a 20-millivolt output at 5 volts input with'a 2, 400-cps carrier
f.requency The transducers had a natural frequency of about
4,000 cps. The transducer si s were fed to a carrier pream-
pllfler 100 microvolt to 1 volt), which in turn was connected to a
power amplifier and direct wrltmg recorder. The pressure aver-
ages were obtained from visual measurements, Data from the
traces for three representative discharge conditions are summar-
ized in Figure 64, Pressures were also recorded for other dis-
charge conditions but were not significantly different than the water
manometer pressures. The average values compared well with
pressures obtained by water manometers. The frequency of
oscillations were all guite low and indicate that there shouid be no
vibration problems. .

Center pier pressure test. --The left boundary o'f‘the sectional . . oo
model was the centerline of the center pier. This a.rra.ngement :
leit no means of testing the effect that a wider center pier might o
have on the bellmcuth pressures, Therefore, the right side of i
Pier 7 was widened from & to 8 feet to represent the center pier.
The resulting pressures are shown in Figure 85. Pressures are .
shown for a discharge of 277, 000 cfs with the widened pier and LE
with the normal pler. The wider pier raised the pressure at most s
piezometers. ' :

Discharge Rating

A discharge capacity curve was prepared for the third modified
outlets and has been superimposed on the previous discharge rating
curves, Figure 66, The curve shows an increased capacity at all
reservou- elevations, and the greatest increase occurred at the
higher elevations. The 977 , 000~cfs discharge was attained at res-
ervoir elevation 908, about 9 feet lower than the design computations
for the second modified outlet and about 2. 5 feet lower than the '
model data for the second outlet, Figure 86. The discharge capac-
ity of eight bays for free and controlled discharge at equal gate
openings in 4-foot mcrements is shown on Figure 67.

A new discharge coefficient curve, derived from the above data,
was also superimposed onto the previous curves for comparison,
Figure 68. The coefficient, at the 277, 000-cfs discharge, at
reservoir water surface elevation 908, wa. “bout 5.5 percent
higher than the design coefficient for the previous bellmouth and
about 3 percent higher than the previous model ccefficient,
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This design concept was satisfactory as indicated L7 the 1:48 scale
sectional model. Therefore it was incorporated in‘a 1:78 scale
model of the entire structure for further investigations.




PART IM--1:78 MODEL STUDIES OF THE
FLOOD CONTROL OUTLET STRUCTURE

The tests on the 1:48 scale sectional model showed that certain
modifications were necessary to provide smooth flow; minimize
vortex formation, and develop satisfactory pressures in the out-
lets. After these modifications were determined on the secticnal
model, the complete flood control outlet structure, including the
outlets, the approach area, the concrete-lined chute, and a length
of thea1 Feather River was reproduced and tested in a 1:78 scale
model.

‘The 1:78 Scale Model

The 1:78 scale model contained all eight outlet bays. The cutlet bays,
piers, radial gates, gravity wall, and approach wingwalis were the
same as those tested in the 1:48 scale sectional model, Figure €2.
Four piezometers were installed in the bellmouth roof of Bay 8 to ob-
tain pressure data for comparison with those measured in the 1:48
sectional model. The 1:78 scale model also contained a 1, 300- by

2, 000-foot area of the reservoir and approach channel, the 178-foot
8-inch-~-wide by 3, 340~foot-long outlet chute, and abcut 2, 500 feet of
the Feather River, Figqure 70. The same methods of construction and
ilow measurement that were used in the prev1ous models were also
used in this model.

The model was built to the dimensicns of one of the early spillway
schemes which called for a chute width of 170 feet. The cutlet chute
eventually adopted required a 178.67-foot width. Therefore, from
approximately Station 13+00 to Station 23+00 (the PC of the vertical
curve), the chute converged from a width of 178,867 to 170 feet. From
Statlon 23+00 to the downstream end of the model chute, the width was
constant at 170 feet. Most of the testing was done with this chute ar-
rangement. Late in the studies the chute was rebuilt and the tests on
the recommended structure were made w1ﬂ1 the chute width correctly
represented.

The Tvestigation

Flow in Approach Channel and Bellmouth Cutlet |

The flow in the approach channel was generally very smooth and rela-
tively uniform and entered the outlet with minimum disturbance as had
been indicated in the 1:48 sectional model, Figure 71, The uniform
velocity distribution of the flow entering the structure was well demon-
strated by dirt deposits on the surfaces of the entrance, Figqure 72. A |
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large, nearly constant vortex about 20 feet in diameter formed over
Bays 1 and 2 at 277, O00-cfs discharge, Figure 73. The vortex action
lessened as the discharge was reduced by lowering the radial gates with
the reservoir water surface held at elevation 907. The vortex formed
intermittently and was about 4 to 8 feet in diameter at 150, 000~-cis dis-
charge, with reservoir elevation 907. The vortex did not draw air down
through the outlet at any discharge. -

Approach wall height. --The tops of the approach walls on either side of
the entrances were at elevation 875. The vortex action seemed to be
generated by flow across the left approach wall, transverse to the main
direction of flow. To prevent or reduce the transverse flow, the left -
approach wall was raised to elevation 907, This additional wall height
greatly reduced the vortices which formed near the maximum discharge
of 277,000 cis. A vortex still persisted intermittently and occasionally
reached a diameter of 10 feet at the water surface. The higher approach
wall made litile difference in the vortex action for the 150, 000-cfs gate~
controlled dischurge. Although the flow approaching the right half of the
outlet bays was smooth, the right approach wall was also raised to eleva-
tion 907 to provide a symmetrical structure. The higher right wall caused
the flow to become turbulent and generally unsatisfactory; there was as
much as 10 feet of drawdown along the right approach wall, Figure 74.
The lower wall on the right side was more satisfactory for all flows.

The best flow condition was obtained with the left approach wall extended
to elevation 907 and with the right wall terminated at elevation 875. How-
ever, it was decided that there was not sufficient flow improvements to
warrant raising either approach wall above elevation 875 feet.

Flow velocity in approach channel. ~--Because it was planned to place a
log boom across the appreach channel 500 feet upstream from the outlet,
Figure 73; ilow velocity measurements were obtained in this area to assist
in the design of the boom. The velocities were measured for uncontrolled
discharges of 75, 000, 150,000, and 277, 000 cfs. Velocity iraverses ,
were obtained at 0.6 flow depth and the average of 0.2 and 0. 8 depths for
150, 000 cfs and at 0.8 depth for 75, 000 cfs, Figure 78. The 150, 000-cis
traverse at 0. 6 depth was extended into the area to the right of the ap-
proach channel, Figure 77. The flow in this area was in the form of a
large eddy which formed in a natural depression of the topography. Al-
though the flow pattern was similar during the 75, 000-cfs discharge, the
velocities were less than 1 fps and were not recorded.

The maximum flow velocity for 180, 000-cfs discharge. ranged between 7.4
and 8.4 fps in the main portion of the approach-channel, For 75, 000 cfs,
the velocities varied from about 6. 5 fps to a maximum of 7.7 fps. Thus,
the maximum variation in flow velocity in the channel was about 1 fps.
Vertical velocity profiles were obtaired for 75, 000, .150, 000, and 277, 000
cis at Station 7+00 on the approach channel centerline and 78 feet either
side of the centerline, Figure 78. '
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Belimouth pressures. ~-Four piezometers were installed in the rocof
of Bay 8 in the 1:78 scale model. Piezometers 1, 2, 3, and 4 were.
located in the same relative positions along the cenierline and left
edge of the roof of Bay 8 as Piezometers 35, 34, 26, and 25, respec- -
tively, in the 1:48 scale sectional model, Flgu.re 58. Pressures were
‘recorded for discharges of 150, 000, 200 000, 250, 000, and 277, 000
cfs on the 1:78 scale model and compared to 51m11ar measurements
irom the 1:48 scale sectional model, Figure 78. The observed pres~
sures were generally lower in the 1:78 scale model; some of the dif-
ferences can probably be attributed to the sllghtly dﬁferent approach
flow conditions.

Discharge capacity. ~~The discharge capacity of the outlet for uncon- -
trolled flows was checked on the 1:78 scale model. The checked points .
compared very closely with corresponding points on the discharge

curve prepared from the 1:48 scale sectional model, Figure 67. The
maximum difference between the two ratings was less than 1. 4 percent.

Ouilet Chute

The flow in the chute domstream from the outlet was relatively smooth.

At all discharges, a diamond-shaped pattern in the flow surface formed

in the upstream portion of the chute and resulted from the flow merging

at the ends of the plers, Figure 80, With a discharge of 277, 000 cfs,

the flow overtopped the sidewalls from the end of the outlet to the PC of
the vertical curve. The most severe overtopping oceurred immediately
downstream from the outlet, Figurs 8la. The sidewalls were temporarily
raised and water surface profiles for 150, 000- and 277, 000-cis discharges
showed that as much as 6. b feet should bé added to the sidewall height near
the upstream end of the chute.

The chute sidewall width and heights were modﬁled to correspond to the
latest design specﬁlcatl-nns and water surface profiles were recorded
for discharges of 150, CCO and 277, 000, and plotted in Figure 82. The
water surface in the chute ﬂuctuated about 1 foot, and the highest point
-of the fluctuation wasplotted. Profiles were measured along both walls;
however, only the higher meéasured profile was plotted. The d:lfference
in water surface elevation along the two walls was usually less than -

2 feet. The specification walls were overtopped for a distance of 300
feet downstream from the PT of the vertical curve at the 277, 000-cfs
discharge, Figures 81b and ¢. These tests showed that the walls should
be raised about 2 feet in this section of the chute.

Operation of various combinations of adjacent pairs of gates fully open
v.ere tested with the reservoir elevation at 800. The flow did not over~
top the sidewalls and was equally distributed across the chute down-
stream from the vertical curve.




The measured flow depths were greater than the theoretical depths
obtained by the energy equation (Bernoulli's theorem), becauses the
model flow surfaces were relatively rougher than the burfaces in

the prototype structure. Usually, this difference in relative rough-
ness is accounted for in the model by foreshortening the length or
increasing the slope of the chute. In this model, however, the geom-
etry of the structure, and the importance of havmg the correct angle
between the chute and the river channel, precluded this method of
adjustment. _

The model data wer: considered conservative since the flow depths
were greater than tlie computed depths. However, the model did not
indicate the extent of bulking due to air entrainment in the prototype.
Usually 3 to b feet are added to the measured model or computed
depths to allow for bulking due to air entrainment.

Chute Flow Energy Dissipation

The drop in elevation irom the invert of the outlet to the Feather River
is about 640 feet. The outlet flows will attain a velocity of about 155
feet per second at the downstream end of the chute; thus, the energy
in the flow entering the Feather River is equivalent to.about 20 million
horsepower for the maximum discharge of 277, 000 cfs. Considerable
testing of many devices and configurations was done before an effec-
tive method was devised to contain this energy. Because of the tre-
mendous amount of energy to be dissipated, the study was mainly con-
fined to providing good enerqy dissipation for discharges up to 150, 000
cfs and acceptable flow conditions in the river channel for dlscharges
between 150, 000 and 277, 000 cfs. However, the outlet flow will not
exceed 150, 000 cfs until the flood inflow reaches 440, 000 cfs, which
is an extremely rare occurremnce.

For purposes of the model study the tallwater elevation in the Feather -
River at the outlet chute was maintained at elevation 225 for discharges’
up to 100, 000 cfs because of control by the Thermalito Diversion Dam.
The natnral Feather River channel will control the tailwater elevation -
for discharges above 100, 000 cfs. The Oroville Powerplant will cease
operation when the spﬂlway discharge reaches 150, 000 cis and a corres-
ponding tailwater elevation of 228. Other dlscha.rges and tailwater ele~
vations that were used in the tests to develop an energy dissipator were
200, 000 cfs and tallwater elevation 237; 250, 000 cfs with tallwater ele-
vation 243; 277, 000 cfs with tailwater clevation 27 5; and 292, 000 cis
with tailwater elevation 280. The model tailwater elevation was con-
trolled at a point 1, 400 feet downstream from the spillway chute center-
line. Tailwater elevations were also measured at a point 900 feet up-
stream from the chute centerline to determine the upstream tallwater
conditions when the outlet was operating.




Initial design. --Initially the spillway chute terminated at the Feather
River with a long-radius curve leading to a horizontal flip bucket,
Figure 83. Flow from this arrangement landed in the river causing
considerable turbulence, crossed the river and traveled up the far

bank, Figure 84. The IlOW reached elevation 450 on the left river- v
bank with a discharge of 277, 000 cfs, elevation 325 with 150, 000 cfs,
and elevation 250 with 50, 000 cfs. Although 2 hill that reached ele-
vation 280 was between the river and a railroad bed at about eleva-

tion 26C on the left bank, -the railroad was still inundated by discharges -
greater than 125, 000 cfS. There was no stilling action at the point of
jet Impact because the trajectory of the high-velocity jet was nearly
horizontal. _

Jump-type basin. --For the first chute modification, the horizontal
flip bucket was removed and the chute extended on a 0. 24895 slope
down to Station 47+30, near the right riverbank. This entailed a
considerable amount of excavation and created, in efiect, a short
hydraulic jump basin with a sloping invert. :

The stilling action was much more effective and the flow cross mg the
river rose to elevation 325 with the 277, 000-cfs discharge, or 150 feet
lower than with the initial arrangement, Figures 85a and b. With the
150, 000-cfs discharge, the flow climbed to elevation 280, or 45 feet
lower than previously. .

Left riverbank excavation. --It appeared that the stilling action would

be further improved if an area were excavated along the left river-

bank opposite the chute to provide a longer stilling pool. About 30, 000
cubic yards of material was excavated from the left riverbank opposite -
the spillway chute. This cut extended about 100 feet into the bank, was’
about 200 feet wide, and ended in a vertical wall., The bottom of the cut
was maintaired at the same elevation as the river bottom {about 175).

The flow did not climb up the left bank as far but it struck the vertical
face of the cut in the left bank and surged about 100 feet vertlca.lly up-
ward with the 277, 000-cfs discharge, Figure 85c. The flow at 150, CJ0
cfs was much less violent, - Figure 85d but the flow still rose about 50
feet vertically at the rock wall. A force of this magnitude against a wail
of natural rock was unde51rable '

There was sound rock on the left r1vernank and the outcrops had a

general strike direction parallel to the river and a dip of 75° toward

the river. The solid rock extended up to the railroad bed, above which

the rock was broken and unstable. The cut in the left bank was extended

an additional 200 feet toward the railroad to take advantage of this sound
rock. The end of the cut was excavated at a 75° slope extending from

the railroad bed at elevation 275 down to the riverbed. This excavation _
extended 90 feet upstream and 170 feet downstream from the chute center- -
line, Figure 86a. For 150,000 cfs, most of the energy was dissipated wher;




.
i :
[
L,
:'i.

v
e

o

i

the flow reached the 75° ‘sloping wa]l at the end of the excava.tlon
Figure 86b.: However, there was considerabla-turbulence and- h1gh
surges at the end of the excavation for 277, CU0-cfs discharge, which
was an indication of excessive destructive forces 1mpactmg 011 the
Y'ocJ:c face, Flgure 8" -

Computatlons for's hydra.uhc jurnp8/ showed that a stilling basin® - C

90 feet deep and 560 feet long would be required for the 150, C00-cfs - T
discharge. The flow depth from the bottom of the excavation to the i L
normal tailwater at this discharge was 53 feet; the effective length

of the excavation in the last test was 580 feet; thus, a basin simulated

by the excavation on both banks of the river would have a proper length

but insufficient depth. Similar computations showed that a basin 126

fget deep and 770 feet long would be required for the 277, 000-cis dis-

charge. Neither this depth nor length of basin could be obtained eco~
nomically in the prototype; therefore, the concept of providing an exca- .

vation sufficiently large toact as a hydrau_hc jump stilling basin was

abandoned.

An attempt was made to turn the flow downstream. by means of a curved
wall along the left bank, Figure 87. This plan was abandoned when it =
became apparent that a huge wall about 80 feet high and 300 feet 1ong was
insufficient to properly turn the flow.

Right riverbank e‘:cavatlon --The concept of developing a. plunge pool
for energy dissipation was pursued further by enlarging the excavation
in the right riverbank. The chute invert starting at Station 44+60 was
shaped according to the trajectory of a jet traveling at-155 feet per - -.
second, which was the velocity of flow for 150, 000 cfs. The trajectory
terminated at elevatior 140 and Station 47+65, and a 35-foot,vertical

sill across the excavation at Station 48+20 formed the end of the basin.

- The basin floor was raised in increments of 10 feet from elevation 140
- to elevation 170, Figure 88a. The left bank was not excavated. The

difference between elevation 140 and tailwater elevation 228 represented
the conjugate depth required for a hydraulic jump stilling basin for a

150, 000-cis discharge. This basin with an average width of 260 feet
“would require about 270, 000 cubic yards of excavation.

Completely satisfactory flow conditions were not obtained with this
arrangement. The flow followed the floor of the channel, hit the ver-
tical sill, and caused a large surging boil which in turn produced large
waves. The boil rose about 100 feet above the water surface for a

150, 000-cfs discharge, Figure 88b. The high-velocity flow was inter-
cepted by the sill. and the resulting wave action caused the water surface )
to rlse up the 1eft riverbank.

There was essentially no cha.nge in the flow when the basin floor upstream
from the sill was raised to elevation 1560. When the floor was raised to
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elevation 160 feet, the surges rode up the left bank to elevation 265.
With the entire basin floor at elevation 175 {no sill), the water sur-
face at the left bank rose to elevation 275 feet and occ-a.s1ona.lly surged
about 10 ieet higher, Figure £8c. '

 With the 277, 000-cfs discharge, the S]ll eerc;.Wely mterﬂepted the
flow, but the high boil over the sill indicated large impact forces _
agamst the vertical face. I was possible that these forces would'be
sufficient to destroy the prototype sill- since the excavation would he
untined and rock faults had been noted in this area; without the sills
there would be very little energy dissipation. It was also considered
too costly to excavate to depths below elevation 175 due to the nec-
essity of protecting the excavation from the backwater of Thermalito
DiversionDam. Thoughthis arrangement for energy dissipation showed

- promise, the plan was abandoned because of the expense involved.

The 10- and 20-foot-high sills were tested with the basin floor at ele-
vation 175 Both were nearly as efficient as the sills with the deeper
basin. The Z0-foot-high sill in particular provided excellent flow con~
ditions; surges only rose to elevation 260 on the left bank. These sills,
too, would be susceptible to damage by high discharges, and therefore,
it was decided to develop a plunge pool or basin that would contain the
h1gh—velo<:1ty ﬂows w1thout the use of a sill.

~f in. -~To obtain a pool large enough for adequate energy
dissipation wfnhout sills, alarger excavation was made in the right bank.
The concrete~lined chute was terminated at Station 44+60; starting 10 feet
vertically below the chute, the basin was excavated on a 11 slope which
intersected the basin floor at elevation 175. With this arrangement, the
" flow from the chute plunged into the basin which was large enough to

allow a pool to form beneath the jet. The water surface of the pool under = -

the jet was at elevation 195 for 150, 000-cfs discharge or 33 feet below
the river tailwater elevation. The ]et plunged into the pool causing tur-
bulence and splashing, and crossed the river chmbmg to elevation 275
on the left ba:n.k

A 10-foot-high vertical sill placed across the basin at Station 47+55
caused a very high boil with considerable splashing and spray at the
150, 000-cfs discharge. When the sill was moved out to Station 47+95,
the boil was reduced and there was less splashmg and spray.

ngher vertical sills were tested as a single rise and as rises in stepped
10-foot increments. There was very little difference in the flow where
the accunmilated sill heights were equal.

This basin arrangement was also tested with the left bank excavated in

a series of 10-foot vertical steps from the river bottom (elevation 175)
to above the maximum elevation to where surges occurred (approximately
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elevation 300). The steppsd riverbank d1d not reduce the height to .
which the flow climbed the left bank. | B .

Flip buckets. -~Early in the energy dissipation studles aflip bucket

was piaced across the full width of the chute at Station 42+40. (Stations
refer to the downstream end of flip buckets.) The bucket angle was
adjusted and tested from 30° to 50® above the invert, and the best flip
angle was found to be 40°. This typz of flip bucket did not provide satis-
iactory energy d1551pat10n The flow was very concentrated at impact,
and could not be efficiently stilled by the shallow pool in the river. The
water climbed the left bank to about elevation 260 at 150, 000 cfs, and to
about elevation 360 for 277, 000 cfs, Figures 89a and b.

It seemed that more eifective use could be made of the excavated area
at the end of the chute if the spillway jet were made to land at a steep
angle further out near the river. This could be accomplished by means
of a flip bucket that would lift the flow above horizonta’ and direct it
toward the middle of the excavated plunge pool area. The flip bucket
studies were resumed to develop this means of energy dissipation. '
These studies were made with the 150, OOO-cfs discharge and ta:lwater
elevation 228.

Three 30-foot-wide flip bucket. sect;ons were equally spaced across the
chute at Station 42+40 with a space adjacent to the sidewalls., The flip
buckets were adjustable so that the vertical angle could be changed and
the bucket lip could be rotated to provide a slope either toward or away
from the chute centerline.. This arrangement divided the flow such that : e
00 percent was lifted so that it was spread longitudinally and impinged e
at different angles, and the remaining flow followed tne chute slope,
The ﬂow was well dlspersed with some spray. The best bucket angle
was 40° upward and 15° laterally from the centerline as evidenced by
adequate spreading and good distribution of the flow in the area of jet
impact. The surging up the left riverbank reached elevation 270. A
bucket 1lift angle of 25° concentrated the jet and increased the surging:
up the left bank. The same arrangement was tested with the buckets
at Station 44+60. This location was too far down the chute and the jet
~gtruck the left riverbank with con31derab1e force.

Different flip bucket widths and different angles of 1ift and 11p rotation
were tested at several lecations on the chute, but the best flow condi-
tions were cbiained with the first arrangement described. A wedge-
shaped solid sill shaped similar to a plow was tested at Stations 42+40
and 44+60, Figure 90a. Lift angles of 30° and 45° were tested. Either -
sili produced good lateral dispersion but poor longitudinal distribution,

- causing ihe surge up the left riverbank to reach elevation 290 to 310,

A 20-foot-wide slot was cut on elther side of the centerllne to allow some




flow to pass down the chute to increase the longltudn*al diStI‘lbUthI’l
Figqure 90b. Flow conditions were not substantlally improved.

These tests indicated that better flow dlspersmn in both lateral and
longitudinal directions would be obtained if the flow were deflected -
with a number of smaller deflectors rather than a deflector that ex-
tended across the chute.

Chute blocks. --Three sizes of wedge-shaped blocks were tested with
various arrangements on the chute. A block 44 feet long by 23 feet
high by 10 feet wide provided the best deflection of the jet; the best
configuration for dispersion was five blocks equally spaced at Sta~
tion 44+60 and four blocks alternately spaced at Station 43+50, Fig-
ure 89c. This arrangement produced a well- d1sper;:.ed jet: Whlch
greatly improved the flow in the basin over any previous arrange-
ment. The maximum water surface at the left bank was at eleva~
tion 260. This arrangement was also tested with a 26-foot-high sill
placed across the plunge pool invert at Station 48+50. With the sill
in place, the water surface at the left bank rose only to elevatlon 240,
Figure 88c.

One side of the 44- by 23-foot blockslx-wa_s flared outward 15° and-placed F
such that the flared sides were on the outboard side of the chute. Four
blocks were equally spaced at Station 43+50 and five blocks at Station
44+60, The center block in the lower row was flared on both sides; the
blocks adjacent to the sidewalls were not flared. The flow was well dis~ -
persed hoth laterally and longitudinally with this a.rrangement and the
maximum water surface at the 1ef bank rose to elevatlon 250

The four blocks, with the 15° ﬂared sides’in the upstream row, seemed
to deflect most of the flow; therefore, the blocks in the second row were
removed. The four blocks in the upstream row, Station 43+50, were
turned so that their sides were 23° away from the chute centerline.
Although this arrangement adequately distributed the flow both laterally
and 10ng1t~1dma.]ly, the flow was concentrated in the center and at third
points in the basin, which could be atiributed to too great an angle of
block turn. The water surface at the left bank had a long per1od fluc-
tuation between elevation 240 to elevation 260.

The 'top corner of the block that was turned into the flow 'caus'ed the

flow sheet to separate, which added to the flow concentration.’ Cham-
-fering this corner eliminated the separation, resulting in a more or less
continuous sheet of flow leaving the block. The flow conditions in the
basin were not changsd by this modification.

A third type of block was tec'ted which was trlangular iri’ d.ll planes These

blocks were 37 feet long by 2 feet wide by 29 feet h1gh The two outs:Lde
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blocks at Station 43+50 of the previous arrangement were replaced
with these new blocks, Figure 90c. The blocks improved the flow
dispersion and reduced the furbuience in the basin. The water sur-
face at the left bank fluctudted between elevatiion 240 and £245.. Four
of these blocks placed at Station 43+50 turned the flow effectively but
caused four high fins to form that concentrated the flow and caused
excessive turbulence in the basin.

Six wedge-shaped blocks 44 feet long and 25 feet high and 6 feet wide
were symmetrically spated at Station 43+50 on the chute; the blocks
were turned outward £3° from the centerline. This arrangement pro-
duced excellent flow conditions in the basin., The water surface rose
to elevation 240 at the left bank. These blocks, however, were too
thin to be structurally sound enough to resist the forces of the high-
velocity flow.

Several other arrangements and sizes of blocks (such as the "Pyra.rmd"
blocks, Figure $0d) were tested, but none showed any promise of pro-
viding ‘better flow conditions than were obtained with the wedge-shaped
blocks. :

Chute end sill. --A solid end sill was placed on the chute that made the
iloor horizontal from Station 44+20 to 44+60. On top of the sill five
13~ioot-~high by 40-foot-long wedge-shaped blocks were evenly spaced
with spaces at the sidewalls. This arrangement created extremely poor
flow conditions in the basin, and surges rose up the left bank to eleva~
tion 300. With 16- by 40-foot blocks on the siill, the flow was still too
turbulent; the surges on the left riverbank rose to elevation 275 and
constantly submerged the railroad bed. A row of five 23- by 44-foot
blocks were added at Station 43+50, but poor flow conditions still per-
sisted. Flow rose up the left bank to elevation 270 with surges to ele-
vation 280. Twenty-three- by forty~four-foot blocks in both locations
improved the flow appearance in the basin, The water surface at the
left bank was at clevation 260 with surges to elevation 265. Consider-
able srlashing and spray originated at the blocks. ' -

A third row of five 23- by 44-foot blocks was added to the chute at:Sta-
tion 42+40. * The flow in the basin was more turbulent and the left bank
surges rose" to elevatlon 270,

The end sill was removed, leaving on_ly the upper two rows of blocks
The flow was still poor; the Impact point of the jet:shifted upstream .
and increased the turbulence in the basin and the downstream flow ve-
locity in the river; surges reached elevation 275 on the left bank.

These tests indicated that a dentated end sﬂl Would Tiot nnprove flow
condltlons ~
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Subsequent tests showed that a 5-foot-long, 1-1/2~foot-high end .J111
would deflect the flow at the end of the chute so that it would land out
in the basin away from the end of the structure, and 1t was used in
the recorcmeqded desngn

Basin size tests. --Fouf or more wedge-shaped blocks placad on the
chute at an angle to the flow had given the best flow dispersion and
enerqgy dissipation; therefore, it was decided to further refine the
block shape and basin size for the rec.ommended design.

The excavated basin that was used in the chute block and end sill tests
was about 260 feet wide at invert elevation 175 and had 1:1 side slopes
and a 1:1 invert slope between the end of the chute and the basin floor.
‘The vasin daylighted at the Feather River, about 600 feet downstream
from the end of the chute.

To determine the minimum basin size that could be used with the blocks,
the basin width was reduced in 10-foot increments. Tests showed the
basin should be as wide as the jet at the point of impact; otherwise the
jet would land on the sides of the basin and create sxcessive splashing
and spray. This basin width would also allow flow circulation so that
there would always be a pool under the Jet Based on these tests, it was
determined that the basin should be about 195 feet wide at the chute, the
sides should diverge at a 10° angle with the side slopes equivalent to 1:1;
the upstream invert at the end of the chute'should slope at 2:1 down to
elevation 175; and the basin floor should continue at this elevatlon to the
river, Flg'ure 91. :

The specification basin generally followed this outline with a few minor
changes for construction purposes, Figure 92. One of these changes
was a sill at the downstream end of the basin formed in the rock; this
sill would serve as a cofferdam between the river and the basin during
construction and would be left as an end sill for the basin'

Recommended chute blocks and stﬂ_lmq basin, --The best energy dissi-
pation in the stilling basin had been accomplished by dispersing the
chute flow with four 23-foot-high by 44-foot~long wedge~-shaped blocks
with one side flared and placed at Station 43+50.. This block arrange-
ment with minor changes was the recommended design, Figure 93." The
chute was terminated at Station 43+55, and a 5-foot~long 1.7-foot-high
triangular end sill was added between the'blocks and the end of the chute.
The model was reconstructed to represent the specifications blocks and
basin, and tests were resumed. :The flow was well distributed in the
basin at all flows, particularly. for discharges up to 150, 000 cfs, Fig-
-ures 94 and 95. The water surface at the left bank rose 1o elevation 250
at the 150, OOO-cfs dlSChELI‘ge.

Chute 2lock and sidewall pressure tests, --The four chute blocks were
arbitrarily mumbered 1 through 4, from left to right facing downstream.




Thirty-nine piezometers were installed in critical areas of a sheet
metal block and in the left sidewall adjacent to the blocks, Figure 36.
The piezometer locations were chosen to represent areas of high
jmpact pressures and where subatmospheric pressures might cccur.
Pressures were observed in Blocks 1 and 2 for all discharges through
277, 000 cifs to detect any possible subatmospheric conditions. Pres-
sures were recorded for seven representative discharges as shown on
Figure 97. Witk the exception of pressures at Piezometers 20 and 21
in Bloek 1, all pressures were either near or abhove atmos;iheric. The
highest pressure recorded was 180 feet of water (prototype) at Piezom-
eter 15 for 277, 000-cfs discharge. Pilezometer 15 showed consistently
the highest pressure readings throughout all tests.

Extreme subatmospheric pressures occurred at a discharge of about.
18, 500 cfs in the area around Piezometers 20 and 21. Pressures were
measured for discharges from zero to 25,000 cfs at Piezometer 20,
Figure 938. 'The pressure dropped below atmospheric as flow started
and reached a minimum of about 24 feet of water below atmospheric at
18, 500 efs; higher discharges raised the pressure toward atmospheric
and the pressure remained atmospheric from 25, 000-cfs up through
277, 000-cfs discharge. The pressures at Piezometer 15, in the high
impact pressure area, were also recorded on Figure 98 for comparison.
The pressures at these piezometers were identical in Blocks 1 and 2. -

The subatmospheric pressures in the region around Piezometers 20 and
21 could be alleviated by aerating this area, Figure 99. Aeration was
accomplished by disconnecting a piezometer and allowing air to enter
through the piezometer opening; its effect on the other piezometers was
then noted. - The most effective aeration was obtained by supplying air
through Piezometers 20 and 23, which were farthest-upstream in this
area. i . ' E

Several other methods of aerating the region were aiso tested. A groove
which simulated a 6-inch-diameter half round pipe embedded just below
the top edge on the downstream side of the block was extended into the
low pressure region. The groove filled with water and provided only in-
termittent aeration, which would allow areas on the chute floor adjacent
to the low pressure region to remain subatmospheric. :

The corner of the block that was subiject to the severe subatmospheric
pressure was modified so that there would not be an offset away from
the flow. This was done by extending the sloping surface of the block
until it protruded into the flow, Fifures 100 and 102, Piezometers in
locations similar to those in the bigjck before the corner modification
iﬂdiﬁ%tfd that all pressures were nearly atmospheric or above, Fig-
ure . IR : . : :




Pressures in Block 2 were very close to those recorded for Block 1
for all discharges, except at Piezometer 12 where highly subatmos-~
pheric pressures occurred, Figure 103. The pressure at this pie-
zometer began to drop below atmospheric at 100, 000 cfs, reached a
minimum of 24 feet below atmospheric at about 190 000 cfs and at
200, 000 cfs began to rise, reaching atmospheric at about 250 000 cfs.

Tests were continued on the chute block to improve the pressure condi-
tions at Piezometer 12. Preliminary tests indicated that the pressure

at this plezometer was a function of the angle of the chamfered surface
with the top or €ide of the bloi*k. This angle was changed by varying the
end height of the vertical side of the block and keeping all other block
dimensions constant. Pressures were obtained at piezometers that were
affected by these modifications;. and it was determined that the best pres-
sure conditions were obtained with a 16. 25~foot vertical height, Figure
104. Slight discrepancies occurred in the pressures observed in the wood
and steel blocks; pressures observed on the steel block were considered ;
reliable because the piezometers were more accurately. placed

The pressures on Blocks 3 and 4 were agsumed to be identical to the
pressures on Blocks 1 and 2, since the blocks are symmetrical about
the chute centerline and the flow is essentially uniform across the width
of the chute.

A test was also made at 150, 000 cfs with the outlet gates contro]lmg the
reservoir water surface to elevation 901 and pressures were recorded
for Block:2. These pressures were generally from 2 to 4 feet higher than
those recorded for the same discharges with the gates fully open. 'I‘hose
pressures that were atmospheric- remamed atmospheric. .

Air demand was checked on the end and downstream side of the No. 2
chute block. To measure the airflow two half-inch {(model) diameter
air vents, shown as A and B in Figure 96, were connected by a flex-
T ible tube to. a 2. 2b-inch-diameter by 3-inch- long air chamber with re-
movable orifice plates in one end. = A range of four orifice plates from
I 1/16 to 3/8 inch were used. . There was no alrﬂow toward the chute block
at any dlscharge X : ‘ : -

Pressures werse recorded along the chute sidewall adJa.cent to the blocks
Figure 105. Thz water-surface profiles along this area of the sidewall
: for 150, 000~ and 277, 000-cfs discharges are also shown on the piezom-
N . eter location drawmg, Fiqure 96. The hlghest pressures recorded were
R at Plezometers 36 and 39. These piezometers are about 1.5 feet above
\ . the chute floor, adjacent to and just upstream from the corner of the chute
2 - block. Pressures equivalent to about 40 feet of water or about four times
_ hydrostatic pressure were recorded at 150, 000-cfs discharge. Pressures
- Were equivalent to.2bout 70 feet of Water or five times the hydrostatic
pressure at 277, OOO-cfs discharge. ™
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Feathar River erosion tests. --The flow from the plunge basin-split
at the left riverbank and part of it moved upstream. This upstream
flow caused a large eddy to form that might interfere with the power-
plant operation, A wall normal to the river was constructed on the
left-bank 370 feet upstream from the chute centerline, Figure 106.
The wall was 170 feet long with its top at elevation 228. Tests were
run at outlet discharges up to 277, 000 cfs to determine the effective-
ness of the wall; a powerplant dlscharge of 13, 000 cfs was flowing in
the river for 21l tests.

The wall turned the flow at 50, OOO—c,.s dlscha_rge chd confined the edd;,,r
between thie wall and the basin. At 75, 000 cfs the flow overtopped the
wall and a2 mild eddy formed and ez;tended about 150 feet upstream from .-
the wall. The strength and size of the eddy increased at 100, 000-cfs 7.
digcharge; when the flow was increased to 150;°000 cfs, the flow over thei. -
wall became highly turbulent with a large eddy moving "about 300 feet ups L
stream along the right bank, moviiig rock abcut 8 feet in diameter. - %

The top of the wall was raised 8 feet at the left end and sloped down to

a 3-foot increase in height on the right end. The higher wall eliminated

the strong upstream eddy for all discharges up.to 150, 000 cfs. However,
at 150, 000 cfs, the flow along the wall caused a la.rge amount of erosion
along and just downstream from the wall, Flgure 108. The erosion™in
this area was about 30 feet deep and took place in about 9 hours, This

severe erosion precluded the use of the wall to reduce the eddymg actlonl-? _

To determine what would happen to the overburden that would be removed
by the water flowing along the left bank, a sedimentation test was per-
formed by introducing sand at the edge of the water at the leit bank. The.
sand was placed along the bank or just under the water surface opposite
and upstream from the impact area. In a time period equivalent to about
18 hours prototype, 120, 000 yards of sand was added to tlie model while
the discharge was maintained at 150, 00C cfs. The sand/moved into a bar
upstream and nearly blocked the river channel, but left a sufficient chan-
nel that the powerplant flow was not backed up, Flg‘ure 107,

Tailwater mterference --Tests were run to determme what effect the
flood control outlet discharge would have on the Feather River tailwater
elevations. The tests were made with and w1thout 13, 275-cfs power-
plant flow in the river and outlet discharges from 50, 000 to 150, 000 cfs.
Taillwater elevations were measured at poiits 1, 400 feet downstream
(Station 2) and 900 feet upstream (Station‘1) from the chute. The re-
sults are summarlzed in the followmg table -

i /:‘-




discharge -

lallwater elevation
(No flow in powerplant)

:Tallwa;ter elevation
(13,275 cis from powerplant)

Station 1

Station 2

Station 1

otation z

50,000
- '?5 000

100 000
150 OOO

298

226
. 226
231

226
226
226
229

228
228
231
236

228
228
228
229

These tests showed that the dlscharge from the outlets must exceed
75, 000 cfs before the river stage upstream from the outlet chute is
affected by outlet flows.
7 feet higher than tke downstream stage when the powerplant is operat- -
ing at full capacity. No measuréments at higher discharges were made,
since the powerplant will be shut down when the flood control outlet: chs—

charge reackes 150, OOO cfs.

At 15

, 000 cis the upstream river stage is
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Figure 4
Report Hyd-510

A. Flood control outlet and
spillway reservoir and
approach channel.

| P846eD=49841

B. The outlet, spillway bays, and chute.

OROVILLE FLOOD CONTROL OUTLET AND SPILLWAY

Preliminary Design
The flood control outlet and spillway model
1:78 Scale Model




Figure 5
Report Hyd-510

Flow approaching spillway and
flood control outlet.

©

P846.D-49842 N A i

Flow leaving spillway and flood control
ouflet. Note fineg caused by impingement
on spiliway radial gate counterweights.

OROVILLE FLOOD CONTROL OQUTLET AND SPILLWAY

Preliminary Desi
Combined discharge 6580, 000 efs (250, D00-e¢fs outlet and
400, C0U=cfs spillway)
1278 Scale Model




bt oastenins
P846-D.4

A. Bmooth surface flow indicated by
conietti pattern.

B. Surface {low at outlet entrance.

OROVILLE FLOOD CONTROL OUTLET AND SPILLWAY

Flow approaching outlet
(Discharge 250, 000 cfs; reservoir elevaticn 800)
1:78 Scale Model

Figqure &
Report Hyd-510




Figure 7
Report Hyd-510

P e

P846.D-49846 NA

A. Surface flow at cutlet entrance.

PBA46.D.49847 NA

B, Surface flow pattern indicated by
confetti.

OROVILLE FLOOD CONTROL CUTLET AND SPILLWAY

Flow approaching outlet with 110-foot radius wingwalls
(Discharge 250, GCO cfs; reservoir elevation 900)
1:78 Scale Model
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Figure 8
Report Hyd-510

Discharge 250, 000 cfs through the outlets only.

QOROVILLE F1L.OOD CONTROL OUTLET AND SPILLWAY

Direction of approach flow for use in obtaining
veloeity distribution
1:78 Scale Model
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Figure 13
Report Hyd-510

PB46D=49850 NA

A. Flow emerging from flood control
outlet

b

¥ ta
P846.D+49851 Ma

B. Large fins form downstream irom
blunt piers.

OROVILLE FLOOD CONTROL QUTLET AND SPILLWAY

Operation of flood control outlet
(Discharge 250, 000 cfs; gates fully open)
1:78 Scale Model
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FIGURE 186
REPORT HYD~-510

T 1
| --—-RESERVOIR WATER SURFAGE
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Figure 24
Report Hyd-510

v ~

)

PB46-D-49884 NA " _~ L

|

|

i

; {
|

¥ ras i
T

A, Overall view of model, (Wall
of symmetry not installed.)

B. View of model showing the :
approach conditions. (Wall :
of symmetry installed.)

C. Bays 5, 6, and 7 (left to right).
Note piezometer openings on
bellmouth surfaces.

P846-

| PB46.D-49886 NA

OROVILLE FLOOD CONTROL OUTLET

First modification of outlet g
1:48 Scale Sectional Model ;




Figure 29
Report Hyd-510 ‘

PB46-D-49982 NA |

A large constant vortex formed Separation of flow g
which alternated from Bay 8 to from the bellmouth :
Bay 7, (118, 000~cfs discharge roof occurred in

reservoir elevation 917,) Bays 6 and 7.

OROVILLE FLOOD CONTROL OUTLET

First modification of outlet
The model without the wall of symmetry three-bay operation
1:42 Scale Sectional Model ]




Figure 30
Report Hyd-510

LS

", i

PB46-D-4989T NA [ . Ern R ] P846-0-49892 NA

Discharge 100, 000 cfs; reservoir
elevation 853 approach flow and
flow thremgh the bays were smooth.

TS
P 846<D-49895 M AL

R PB46. 0-49894 NA

Flow s tion in
Discharge 277, 000 cfs; reservoir bay\% f?l?gtz%.'géd but

water surface elevation 917 smooth did not disappear.
approach flow except for an inter-
mittent small vortex over Bay 5.

OROVILLE FLCOD CONTROL OUTLET

First modification of outlet
Approach and downstream flow conditions
1:48 Scale Sectionul Model




Figure 31
Report Hyd-510

PB846+D=47896 NA

Discharge 150, 000 cfs--water surface
fluctuates above entrances.

Discharge 150, 000 efs--severe drawdown
and turbulence at the hellmouth entrance.

| PBA46-D-49899 NA

Discharge 795, 000 cis-~contraction or draw-
down occurred at the entrance of Bay 7.

OROVILLE FLOOD CONTROL OUTLET

First modification of outlet
Cutlet entrance flow conditions
1:48 Bcale Sectional Model




Figqure 32
Report Hyd-510

846-D-49900 NA PB46-D-49901 NA §

Discharge 100, 0C0 cfs. Discharge 150, 000 cfs,

Approach channel sidewsll transition. Flow was smooth
: at these discharges. Transition did not improve flow at
higher discharges.

P846-D-49902 NAE

Depression at darm filled to the
elevation of natural topography,
Discharge 200, 000 efs.

OROVILLE FLOOD CONTROL OUTLET

First modification of outlet
Changes to outlet entrance area
1:48 Seale Sectional Model




Fiqure 33
Report Hyd-510

PBA46-D-49904 NA

e e

P846-D-49903 NA Y|

Discharge 277, 000 cis. Vertical [y B e
P346-D-49905 NA

wall extended from a point tangent
to the bellmouth roof nose to above
elevation 917. Smooth approach
flow. Discharge 277, 000 cfs.
Without vertical wall
Severe separation occcurred
in Bays b and 7. With the
vertical wall added separa-
tion in Bay 5 was eliminated.

P 845-D-499056 NA B

IFlow was not afiected by wall for 51;2 gl%goi%rg;gggf ?o?atllqse
discharge of 150, 000 efs. affects of drawdown inBay 7.

OROVILLE FLOOD CONTROL OUTLET

First modification of outlet
Vertical wall above outlet entrance
1:48 Secale Sectional Model
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FIGURE 36&
REPCRT HYD—510

o

F
F .

b
~

»
O ]

[+ ) I ¢
-

th
o

(FEET OF WATER PROTOTYPE)

AN Y

PRESSURE

\

2 3
GATE CLOSURE IN FEET

aa Through 5t Genter of roof in Boy 7
55 8 64 Right Corner of roof in Boy 7.
64 Top left side of Pier B (Bay 7)

LOCATION OF PIEZOMETERS

OROVILLE -FLOOb CONTROL OQUTLET
FIRST MODIFICATION OF OUTLET
BELLMOUTH PRESSURES VERSUS GATE CLOSURE
i:4B SCALE SECTIONAL MODEL




FIGURE 37
REPQRT HYD-510

920

DESIGN RATING CURVEs

1
}4
i
/ﬁ MODEL DATA

"t --CURVE

”
-

L -

-
Ll
Ll
L.
=
=
o
-
o
>
w
-
ul
1]
o
&
14
)
w
14
ul
[
<
=

100 200
DISGHARGE (Q)IN 1000 CFS

OROVILLE FLOOD CONTROL OQOUTLET
FIRST MODIFICATION OF QUTLET

DISCGHARGE CAPAGITY
- 1:48 SCALE SECTIONAL MODEL




FIGURE 38
REPORT HYD-—-510

638

HEATD

(H}

R

-RES. WATER SURFACE
a0 ' ELEVATION

80

R

7
I»-Q OF GATE OPENING 4/

o

70 v : . 1
:‘I .

Cyz —2 .
4" avzgH :
60 -

WHERE: ~ —71
A = CROSS SECTIONAL AREA OF
PASSAGE AT GATE (FT®)

Q = DISCHARGE (CFS)

H = HEAD IN FEET 1

50 ,D(
/
/
¢
FIRST MODIFICATION | ‘/‘
DESIGN RATING - 71777~ =
40 7 W4 =
i
/ g
7 &
/ P ' FIRST MODIFICATION
. - MQDEL DATA
30 - ‘ :_",;_'; . i
‘ ' /J_‘f&%\\ S
N /A/ \\:-‘x::‘\
//’A‘-. =
=R
20
0.€0 0.70 0.80

GCOEFFIGIENT QF DISGHARGE = (Cgql

QROVILLE FLOOD CONTROL OQUTLET
FIRST MODIFICATION OF QUTLET

COEFFIGIENT GURVE - FULL GATE OPENIWNG
I:48 SCALE SECTIONAL MODEL
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Fiqure 41
Report Hyd-510

Alsanite

P X-D-43899 N

A, Second modification--approach
wingwall installed; depression
filled to elevation 864; face of
gravity dam placed adjacent to
the outlet; and the 7.73-foot
vertical face placed over the
outlet,

PB46-D-49909 NA |

B. Close up view showing Baysb, 8, and 7 with
the vertical wall over the entrance and the
approach wingwall,

OROVILLE FLOOD CONTROL OUTLET

Seceond modification of cutlet
1:48 Seale Sectional Model




Figure 42
Report Hyd-510

P846.D-49910 NA

T : ‘ & T ORBYLL]
] i " ey Q=150.000

P846-D=49912 N A}

Discharge 150, 000-cis
controlled flow. 20-foot
diameter vortex centered
over Bay 7.

P846+D-499 14 N A Ei

PB46-D-43913 NA

Discharge 277, 000-cis free discharge only small vortices
form at this discharge bul emerging flow remains turbulent.

OROVILLE FLOOD CONTROL OUTLET

Second modification of outlet
Flow at entrance and exit
1:48 Seale Sectional Model



Figure 43
Report Hyd-510

| ame pm ey

P8460-49‘9‘IS NA - PB846-D-499 16 N A

A, Discharge 150,000 cis. Reservoir elevation controlled to
899 feet. Vertical wall above entrances extended to above
the water surface.

t

PB46+D-49917 NA

B. Discharge 150,000 cfs. Reservoir elevation controlled to
399 feet. Approach flow was improved by a 15-foot high
vertical wall over the outlet entrances.

OROVILLE FLOOD CONTROL, QUTLET

_Second modification of outlet
Effect of vertical wall above nutlet entrances
1:48 Scale Sectional Model




| Pigure 44
;i Report Eyd-510

P846-D-49921 N A Jilleers 3 P846-D-49922 NAY

Pier extensions 18 feet upstream and raised above the maximum water
surface.

P846-D.49923 NA |

Combination of the two extensions shown above.

Discharge = 150, 000 cfs. Discharge = 250, 0C0 cfs.
Heservoir elevation 900, Reservoir elevation 89¢.

OROVILLE FLOOD CONTROL QUTLET

Second modification of outlet
Test of pier extensions at outlet entrances

1:48 Scale Sectional Model




Figure 45
Report Hyd-b10

\PB46-D.49925 NA

A, The model with all topography
to the right of the approach
channel lowered to elevation
864. 0.

AL

NA

P

B46<D-49926 NA

P546-D-49928 NA |

B. Strong vortex over C. Intermittent strong vortex
outlet, discharge over outlet, discharge
280, 000 cfs, 277,000 cfs.

OROVILLE FLOOD CONTROL OUTLET

Second modification of outlet
Revised approach topography
1:48 Scale Sectional Model




FIGURE 46
REPORT HYD~ 510

30

PROTOTYPE))

(FEET OF WATER

PRESSURE

200 220 240 260
DISCHARGE (1,000 C.FS.)

NOTE
For Piezometer locations,
see Figure 34, o
{Qutiet modification one.)l
All gates full ocpen.

OROVILLE FLOOD GONTROL OUTLET
SECOND MODIFICATION OF OUTLET
BELLMOUTH PRESSURES
1:48 SCALE; SECTIONAL MOOEL.




FIGURE 47

REPORT HYD—-510

(FEET OF WATER PROTOTYPE)

PRESSURE

180 200 220 240
DISCHARGE .(1,00C C.FS.)

NOTE |

For Piezometer locations,

see Figure 34
{Outlet modificatian ane.}
All gates full open.

CROVILLE FLOOD GONTROL OUTLET
SECOND MODIFICATION OF OUTLET

BELLMOUTH PRESSURES

WITH I15-FOOT VERTICAL WALL
1:48 SCALE SECTIONAL MODEL

260




FIGURE 48
REPORT HYD-510

220

FIRST MODIFICATION i
DESIGN CURVE -~

FIRST MOODILFICATION
MODEL DATA A-~-—-

“SECOND MODIF.
MODEL DATA O

-
'—
Ll
w
T
=z
=
o
‘_
g
=
w
-
w
w
&
P
[T 8
[+
o
(73]
[+
Lt
-
<1
=

100 200~
" DISGHARGE '(Q)IN 1000 CFS
OROVILLE FLOOD CONTROL OUTLET
. SECOND MOD,'.-FICATION OF ODUTLET

DISCHARGE GCAPACGITY
1:48 SCALE SECTIONAL MODEL




RESERVOIR ELEVATATION (FEET)

“ \ . All gates equally open
830

£
820 7

810 - _

) 20 40 60 80 100 120 140 160 180 200 220 240 . 260 280
DISGHARGE (1,000 CFES.}

CROVILILE FLLOOD CONTROL OQUTLET
SECOND MODIFICATION OF QUTLET

DISCHARGE OPERATION CURVE
1:48 SCALE SECTIONAL MODEL

300

CIS-0AH LHOd3Y
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FIGURE 50
REPORT HYD-510

Fo

RES. WATER
SURFACE ELr~

_!r@_ OF GATE QPENING
I o )

Gd = — 8 —
WHERE: '
A = CROSS SECTIONAL AREA OF
PASSAGE AT GATE (FTZ2)
Q = DISCHARGE {CFS}

J ]
H = BREAC IN FEET [—FIRST MODLIFE
/ MODEL DATA
y LY
4

FIRST MODIFICATIONA ! - SECOND:MODIF.
DESIGN RATING g MODEL DATA

sl

Wi

_ 070 0.80 -
COEFFIGIENT OF DISGHARGE - (Gg4)

OROVILLE FLOOD GONTROL OUTLET
"SECOND MODIFICATION OF OUTLET )
COEFFICIENT OF DISCHARGE - FULL OPEN GATES
1:48 SCALE SECTIONAL MODEL
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Figure 53
Report Hyd-510

PB46-D-49929 NAL

SFmEd P

prees

3
P846-D-49930 NA~ :

OROVILLE FI1.0OD CONTROL CUTLET

Third modification of outlet
1:48 Scale Sectional Model



Figure b4 :
Report Hyd-510 '

A. Discharge 125,000 cfs.

B. Discharge 100,000 cis.

C. Discharge 50, 000 cis.

P846-D-45933 ; : Ve A i

OROVILLE FLGOD CONTROL CUTLET

Third modification of outlet
Flow in approach channel
1:48 Scale Sectional Model




Figure 55
Report Hyd-510

o

P846-D.49934 N ALEE : : : R

A. Flow over the right bank caused turbulence
' in the approach flow,

B. Drawdown in water surface
over Bay 8.

C. Smooth flow emerging from
. the outlet.

OROVILLE FLOOD CONTROL QUTLET

Third modification of cutlet
Approach chamnel and downstream flow--150,000cfs discharge
1:48 Scale Sectional Model




Figure 56
Report Hyd-510

P 846-D-49937 N )

A. Conietti shows surface flow patterns,

PB46-D-49938 NA

B. Smooth approach flow C. Flow emerging from outlels
over entrances note small fins along piers.

CROVILLE FLOOD CONTROL OUTLET

Third modification of cutlet
Approach channel and downstream flow--277, OOO—cfs discharge
1:48 Scale Sectional Model




Figure 57
Report Hyd-510

A. Gravel placed in approach channel
to measure erosion. (Prototype
approach channel floor will be ex-
cavated from rock. )

B. Erosion reached stable condition which
did not change after many hours of
operation at all discharges.

OROVILLE FLOOD CONTROL OUTLET

Third modification of outlet
Approach channel ercsion
1:48 Scale Sectional Model




FIGURE 5B
REPORT HYD—-510
. 4T |
PIER 9 — RLGHT 'END rPIER'i i i . 4'5‘*.*‘}—]_
37 38 38 40 41 42 43 44 45
28 29 30 31 32 A3 34 15 3¢
& goy 8 1 — — i
y 3507 S-__ag
r,-—26u
19 20 21 22 23 24 25 .26, 27
i A L P n s ' ﬂq\!‘;——‘iﬂ.
PIER B _/
¢ Boy 7
PIER 7 —
c e 451 (Etev. 051.9)
10 @1 1z 13 % 15 18 ITh e ' '
“~--50 (Elev. 829,7)
1 2 3 4 5 8 9
§ Bay & 4 } } § } } F——t—t
~~8o
_PIER & -
FLOW
& Bay 5
[¥~=---—--Station 12+00
PIER 6 N
7
WALL OF SYMMETRY---—-="""
NOTES .
Piezometers 46 and 47 gre 16.35f4, above the floor :
Piezometers 43 and 49 are an floor, ° 5 1o 15 20
Fiezometer No. 50 of elevation 829.7 below No. I7. : L - L d
Piezometer No. 51 at eievation 8519 beiow Na. I8. ‘ SCGALE (FEET) ‘

All other piezometers are located in the roof of
the bellmouth.

OROVILLE FLOOD CONTROL OUTLET
THIRD MCOIFICATION OF OUTLET

PIEZOMETER LOCATION PLAN
1:48 SGALE SECTIONAL MODEL
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FIGURE 5%
REPORY HYD-510

BAY NUMBER &

25 34, 43
23, 32, 41
21, 30, 38

I
-
>

20, 29,38
19, 28, 37

27, 36, 45
e

™
—
—

-

KEY: Pi¢zometer locations (All on roof) ’ g 20 20
Cenferiine of bay - : e T SSURF SCALE
Right carner of bay* " {PROTOTYPE FEET OF WATER)
- Left corner of bay
See piezometer location pion figure S8

F
|

S5IZ{E SCALE
(PROTOTYPE FEET)

OROVILLE FLOOD CONTROL OUTLET
THIRD MODIFICATION OF QUTLET

QUTLET PRESSURES — DISCHARGE 277,000 C.F.S,
1:48 SCALE SEGTIONAL MODEL

SELLMOUTH




09 aanbra

0TG-pAH Woday

Preagures (Prototype Fesot)

Location t alde Bay © Left side Bay &
Plezometer No. ﬁa Q _;I_.ro 11 12 13 14 15 16 17T 1fe 18 19 20 2L ] Ez'

Free flow . .
Q=TT ,000 cfa 5.5 4.8 -T.2 ~8.2 -11.5 -12.0 116.3 +5.1 =1.0 -2.k -T7.2 -7.2 -15.8 -18.7 -19.7 -3.8 +26.9 -3.B -B.6 -6.7 -11.0 -12.5
Regerveir el=GO7 N . .

Free flow ) i : s ’
QnE34,000 efs -5,% -2.9 4.8 B 3.h -4.8 #16.8 +7.7 -0.5 -1.0 4.8 -L.8 -11,0 -8.6 4.8 423.0 5.4 6.2 4.8 -7.2 T.7
Reservolr ale891 . .

$=-in. gate closure
Q=254 ,000 cfs .2 47.7 0.1 4.9 0.5 =34 3.4 25,0 #20.6 9.6 #7.2 2.4 6.7 -9.1 -9.1 4.4 +9.8 +25.8 ©15.8 s12.0 2 453
Baservoir «le307

F=in. gate closure
Q258,500 cfs =2.4 -2.4 5,3 4.8 -10.0 +17.3 40,1 #.0 0 5.8 =13.9 ~13.0 -14.9. +27.8 #.3 -2.4 -1.9 -T.2
Repervolir eS0T ’ .

Tecation Left side Bay B Centarline Boy O HIght side oy O

Plezometer No. 2B % e m B 50313 33 % % % 36 3738 59 Lo W ke W5 W5 k5 —s6 51

Free flow c
Q=2TT,000 cfs ~15.4 -25.0 207 -13.9 48,7 -7.T7 -11.0 -9.6 -13.% <15.% -15.B -15.3 -20.2 -18.7 #1.9 -2.0 =-T.2 -6.7 -B.2 -9.1 -B.2 -10.6 -12.5 +5L.T +26.h -0.5

Repervolr eleS07

Free flow
Qush,000 efa -10.1 -17.2 -19.2 k.3 6.2 5.3 ~T.2 -B.2 7.7 7.7 k0.1 #135.0 -1.4 =b.3 3.4 3.8 k.3 2.9 -3.8 -T.T #13.0
Regervolr el=f91

G-in. gate clogwre

Q=254 ,000 cfs 4.9 -7.7 ~12.0 0 +26.9 42T.4 #14.9 35,6 45.3 2.4 a4 0 5.3 250 413.0 426,14 416.3 42,0 9.1 6.7 +7.2 H,8 #1.9 4346 +32.2 44,3
Regervoir «l=907 '

3=in. gate clomore
Q=268 ,500 ofs ~10.1 =20.6 =23.0 2,6 2.5 3.8 3.8 6.7 -9.6 -9,1 -9.6 -15.8 +#7.2 41.2 -1.0 .4 <6.2 4,8 3.4 5.3 7,7 +52.2
Regervoir el=307 .

NOTES: Plezometers No. £a, 17a, 2fa, and 35a are at slevation 850.0; Plezameter No. 50 is at elevation 829.7 below Plezemeter Bo. 17; Plezometer Ko. 51 is at
elavation 851.9 below Piezameter No. 18.

QROVILLE FLOOD CONTROL OUTLET

Third Modification i Owtlet
. Bellmouth Pressures
1:48 Bcale Sectional Model
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- 3
e _TYPE & -w.m... Mn. +1 LORGVILLE .wmvmzm._w_m WRS ACCORDING . NOTES
A.ulv H4 = Pressure drop Trom pool to piezometer.
: : 42 V = Averuge vefocity in conduit proper
e —TYPE G X4 ! L/D = Retio of distosce downstregm to dimension
20 ﬁm u_ of conduit in direction corcerned (D= 0.500).
I e e e Flaor of intake ond conduit ot ‘elevation oF upproach
chonnel.
Doto from C.E. Tech. Mema w0, 2-428 [See Text),
. _ OROVILLE FLOOD GONTROL OUTLET
R BELLMOUTH PRESSURE GOMPARISON TO U.S. GORPS OF "ENGINEERS DATA
148 SCALE SESTIONAL MODEL
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g9 sanbig

0714 -pAY 1a0dey

Piezemater Pressures (Prototype Feet of Water)
Iocation — ___Centerline Bay 6 Right side Bay 6
Plezometer No. s + b T _ 11 a4 15 16 17 17=

Q0,375 cfs = NS KS NS NS NS N5 RS KS NS NS NS KRS WS NS NS HS NS NS NS KS 12.5 0.5
WS=B4T.9 £t .

Qug,5T5 cfs 17.3 16.3 15.% 1k.k 13.9 12.5 11.5 10.1 9.4 T.2 17.3 16.3 15.8 1k.4 13.9 12.5 11.0 10.1 9.1 10.1 30.2 9.6
Ws=863.5 £t

Q&}I‘jﬂcfn 27.8 27.4 26.4 25.4 24.5 23.0 22.1 £ii;6 20.6 17.8 27.8 27.4 26.4 25.4 24.5 23.0 21.1 19.7 20.6 17.8 40.8 20.2
WS=5T4.8 £t ST

@ul8,750 cfs  =1.0 -2.4 ~2.4 «2,9 -2.9 -2.4 1.0 +1.0 42.9 45.3 +1.0 ~2.0 2,0 ~2.9 2.k -4.3 3.4 -1.k 2.9 45.3 16.3 2.9
Ws=B863.5 Pt -

q-;g,hﬁg efs 2.6 19.7 15.% 13.0 11.5.10.6 11.5 12.5 13.9 15.8 21.6 19.2 16.3 13.4:12.0 9.6 9.1 10.1 14.9 17.3 28.8 10.6
WS=874.8 £t b :

N

Qul8,T50 efs 37.9 3T.4 34.1 30.7 28.8 27.4 27.8 28.3 29.3 31.2 37.9 35.0 35.0 31.7 29.3 26.9 25.4 25.4 29.3 32.2 h}\:'r 28.3

WS=890.0 £t

Q18,750 cfs 48,0 ¥7.5 4.6 41.3 39.4% 37.9 37.9 37.9 b2.2 40.8 49.0 46.6 45.6 k2.2 39.8 36.5 35.5 35.5 39.8 41.8 53.3 36.0
WS=G00.0 £t : :

HOTES: : :
*Piezometer No. 50 located 16.35 feet above the floor of Bay 6 and 3.6 feet from the nose of Pler 7.
#*P{ezometer Ho. 51 located 38.29 feet above the floor of Bay 6 and at the nose of Pler 7. (See Plezometer
Location Plan, Figure 58.)

Key:
g = discharge ORCVILLE FLOOD COMTROL OUTLET
WS = reservolr water surface elevation Third Medification of Outlet

oo o ut b feet of drawdown in the b Piezometer Pressures--Only Bay 6 Operating
NS = not eu erge§ (abo eet o n the bay) 1148 Scale Section Model




Figure 63

24 (PIEZOMETER NUMBERS) Report Hyd-510

AVG. PRESSURE -14 +2

i
ww
l_
<
z
'8
o
'—
w
L
m
w
o
>.
[
Q
=
0
r
i

PRESSURE

TIME IN SECONDS (PROTOTYPRE)

A, Discharge 277,000 cis  B. Dischargs 180,000 cfs  C. Gates closed 3 fent
Res, W.B. El. 807 Res, W.S, El 863 Disch, 718, 000 cis W, S, EL. 907
Note: Avg. pr. shown in feet of water.
OROVILLE FLOOD CONTROL QUTLET
Third Modification of Outlat
Dynamic pressure records
1:48 Scale Sectional Model




Flgqure 64
Report Hyd-510

Piezometer : Average : Maximum : Minimm Frequency

Type of

gperation : _ numberx pressyre : pressure : pressure cps

-
-
-
-
.

.
.
-
*
-

Discharge 24 -13,7 : 12,5 -14.9
77,000 cfs: 25 =24 .5 -22,1 -28.1
: 26 P =263 @ L22.7 -29.9

© 33 ot =125 :
34 ;. =16.1
35 : =19.1

Reservoir
elevation
og?

NMHEWMNMDNE
.

oo NnO

ag |se nn

Discharge : 24
150,000 efs: 25

: 26
33
34
35

+ +:1 2

Reservoir
elevation
863,5

0 PE 50 48 wd S0 Jee wt S0
8 88 s 48 4o pp Jee

(LR TN Y]
HHEMFDDP
- - - ']

Vb O\

+1

2o 2k &% 4 »

* o np fee aa
LA ELY]

Discharge : 24
(approxi- : 25
mately) : 26
218,000 cfs: 33

: 34

Reservoir 35
elevation @
o7 :

LA L I ]
% 4% an

[ LT Y Y

1
e s P4 aa

Gates :
closed :
10 ¢ :

" 49 as ¥V mn

*See Piezometer Location Plan Figure 58, -

OROVILLE FLOOD CONTROL OUTTLET
Third Medificetion of Qutlet

Surmary of Dynamic Pressures on Bellmouth Roof
1:48 Scale Sectianal Model




Fiqure 65
Report Hyd-510

Piezometer : Pressures (Prototype Feet)

number : With B~foot pier : With 5-foot pier

-
s -
- -
.
-
-

+3.8
+1.0 :
+]1.,9 :

+

wo~ITownmdwrn -
+ +
+ = ol 1
oVovoHWAE,POFREHFOOH

[ L

F N SRS B N 0. N N N SR R TR O

+
L] L]

I 1
L]

+

1l
37
~7
~16,
17
-6
-6
14

Discharge 277,000 efs

See piezomefer location plan Figure 58

OROVILLE FLOOD CONTROL OUTLET
Third Modification of Outlet
Pressures on 5- and 8-foot-wide Piers
1:48 Scale Sectionel Model




FIGURE 66
REPORT HYD-510

FIRST MOD!FICATION
' DESIGN CURVE-._

FIRST MOODIFICATION
MODEL DATA A._]

A
Y
SECOND MODIFICATION 74 “THIRD MODIE
MODEL DATA O-~. . APPROVED DESIGN

MODEL DATA O

—
w
w
'
=
=
O
<
=
w
|
w
w
[ ]
e
v
2
w
v
w
'_
<L
=

100 . 200
DISCHARGE (Q)IN 1000 CFS

OROVILLE FLOOD GCONTROL OUTLET
THIRD MODIFICATION OF OUTLET

DISCHARGE RATING
1:48 SCALE SECTIONAL MODEL




300K 31935 §2 00
any
I300W TUNQIIDIS 27¥0S ab:b
ALIOV4YI 39HVHOSIO
137IN0 240 NOLLYSIAIDON OMIHL
137100 TO¥LNGY 80974 ITTIACHD

N3O ATIWNOI ~ 3LV 1WI0PYH LO04=EE AQ HOMNI-L LO0J -4l LHOI
(ONDD3E Hi3d L334 DIAND ONYSNOHL)} RONVHISIO

oLl

oa1

of1

orl

0%

ozt

an

‘|200W #1D2S 841 @
"[3pdw |DUILIIE HOS 8

“BIAANLS BIGUS 10 [IPOW RIS B2+ duh YiM PIXDAYI PUD [P0

|EUOIL3S 3:005 B | WOJL PAUIDIGO 3434 S3aand aBrayasi] 2
"GRID'D JO A0S S 04 {OUWIRL pud
400]3 a404anaps 3406 ey wody paunssawr 5 Buado 24051

$3lON

A7¥35 ON
L AT¥II4AL] 3 19E LW ONGILOTS NOHLWARTE
M )

g 13

QO+ 2N ¥L5 -

vl

"33 13359 AV g -

L

e

o
e
5

)
®
(1334} HOIL¥AZMI 3

VIHN5 43.1¥M HIDAYISIY

: O15-GAN LdOdan
49 3dA9(2




FIGURE 68
REPORT HYD-35310

VERTICAL FACE '
OF THIRD e ”

MODIFICATION- '
f[ |

/

e e == — =

WHERE : /
A : CROSS.SECTIONAL AREA OF
PASSAGE AT GATE (FT2) X
Q = DISCHARGE (CFS}
M = MEAD IN FEET

- FIRST MODIF,
MODEL DATA

FIRST MODIFICATION-i-—.. =+ -SECOND MODIFE
DESIGN "RATING . MODEL DATA

/
A

L~

e

'

"+ ~~THIRD MODIF. APPROVED
DESIGN MODEL DATA

0.70

COEFFICIENT OF DISCHARGE - (Gy)

OROVILLE FLOOD GONTROL OQUTLET
THIRD MODIFICATION OF OUTLET

COEFFICIENT OF DISGHARGE - FULL OPEN GATES
48 SCALE SECTIONAL MODEL
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Overazall view of model--facing downstream

A4

e

P 846.D=49943 NA 4=

Approach channel and entrance

OROVILLE FLOOD CONTROL QUTLET

Recommer led design outlet
1:78 Scale Model

Figure 70
Report Hyd-510




Report Hyd-510

Figure 71
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e
i fg-&‘_,-

b e

Regions of low-ilow velocity indicated
by shaded areas.

OROVILLE FLCOD CONTROL OUTLET

Bellmouth entrances
1:78 Scale Model

Figure 72
Report Hyd-510




Figqure 73
Report Hyd-510

PB46-Da49950 NA!

Discharge 277, 000 cifs
without approach wa'l
extension on left side.

P846.D-49952 NA,

Discharge 1£0, 000 cfs;
raservoir elevation
controlled to 901 feet
without approach wall
extensiorn.

£33

i
P 846-D-49951 NA [-°

Discharge 277, 000 cfs
with left wall extension.

o

2953 NA

Discharge 150, 000 cfs;
reservoir elevation
controlled to 201 feet
with left wall extension.

OROVILLE FLOOD CONTRCL QUTLET

Flow with and without approach wall
extension on the left side
1:78 Scale Model




Figqure 74
Report Hyd-510

A. Flow at right side approach
wall extended to above maxi-
mum water surface,

PB846-D-499.54 NA

B. Flow at right side without
approach wall extension.

C. The best flow occurred with
an approach wall extension
ont the left side only.

P846-D-4995 NA|

OROVILLE FLOOD CONTROL QUTLET

Flow with and without approach wall
extension on right side
1:78 Scale Model
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VELOGITY (FPS)

_-VELOGITY AT 0.6 DEPTH FOR
” 150,000 CFS DISCHARGE.

ALL FLOW BEYOND THIS POINT
EXTENDING TQO THE SHORE LINE

\‘\-\

~

THE MAXIMUM VELOCITY WAS
ABOQUT | FPS. :

S

CENTER OF EDDY APPROX

2ERC VELOCITY

UNSTABLE FLOW
IN TH!S AREA

)
|

WAS IN AN UPSTREAM DIRECTION.

________1__1.___________-_._

220 240 260 280 300 320 340 360 380 400
DISTANGE IN FEET FROM APPROACH GHANNEL GENTERLINE AT STATION 7+00

OROVILLE FLOOD GONTROL OUTLET
VELOCITY TRAVERSE
1:78 SCALE MODEL
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FIGURE 78
REPORT HYD-510
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150,000 c.f.s. FREE DISGHARGE 75,000 c.f,s, FREE DISCHARGE
RES. W.S. ELEV. 863 RES. W.5. ELEV. 846

KEY NOTE
78 Feet left of center Profijes taken at Sta. 7 + Q0
—-— Genter of approoch channel Each point 100 sec. average.
78 Fenat right of center
OROVILLE FLOOD CONTROL OUTLET

VERTICAL VELOCITY PROFILES IN APPROACH CHANNEL
L1:78 SCALE MODEL




Figure 79
Repori Hyd-510

Pressure (Prototype Feet of Water)

1:48 Scele Sectional Model : 1:78 Scals Model
Piezometer No, : Pregsure : Piezometer No, Pressure

Discharge 277,000 cfs : '
35 : =15 : .
34 : -9
26 : . =19
25 : ~-18
Discharge 250,000 ef's
35 : -8
34 -4
26 =17
25 =14
Discharge
35
34
26
25
Discharge
35
34
26
.25

-19
19
-26
26

-10
-8
2,
=23

B8 0d #d A% 44 Sk me AR U S8 W 4w e SE

FWFE AW H O RWROR WP

PR W0 me @4 VY 68 R P4 BB wa B4 we e AF 0 55 se an aw
s

(1]

Note: : - _
Piezometers 1,2,3, and 4 in 1:78 model correspond to piezometers
35,34,26, and 25, respectively, in the 1:48 scale sectional model.

B
'

ORQVILLE FLOOD CONTROL OUTLET
Comparison of Bellmouth Pressures

1:78 Seale Model




Figqure 80
Report Hyd-510

ol

L : v o P g Sl {}gﬁ' 4._:,.
B46-D-49957 N A fie S [P g46.D.49953 NALST s 4

o' ¢

Discharge 50, 000-cfs

Discharge 100, 000-cfs uncontrolled flow.

uncontrolled flow.

RS @7
P846-D-49959 NA I, o=

Discharge 150, 000-cfs
Discharge 150, 000-c£s gates e S P,

. controlling reservoir water
surface elevation 901.

OROVILLE FLCOD CONTROL OUTLET

Chute flow downstream from outlet bays
1:78 Scale Model




| Figure 81
&l  Report Hyd-510

0
P846-D-49961 NA

A. Flow overtopped sidewalis at
277, 000-cfs discharge. I'inal
outlet installed in initial chute.

STA. 33+00 STA. 32+00 STA. 31+00

P845.D-49962 NA &

B. Chute rebuilt to specification drawing.
Flow still overtopped sidewalls at
277, 000-cfs discharge between Stations
31400 and 33+00.

STA. 34400 STA. 33+00 STA. 32+00 STA. 31400

P846-D-49963 NA [

C. Flow also overtopped sidewalls at 292, 000-
cfs discharge between Stations 31+00 and
34400 with the chute rebuilt to specifications.

OROVILLE FLCOD CONTROL CUTLET

f'low in chute
1:78 Scale Model
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Figure 83
Report Hyd-510

Y 2

TR

Overall view of chute,

Flip bucket at end of chute.

OROVILLE FLOOD CONTROL OUTLET

Initial chute and flip bucket
1:78 Scale Model



Figure 84
Report Hyd-510

i

Discharge 50, 000 cis.

it
o)

Discharge 277, 000 cfs.

OROVILLE FLOOD CONTROL OUTLET

Flow in river from initial flip buckst
1:78 Secale Model




Figure 85
Report Hyd-510

PB46-D-49969 NA

’ A. No left bank excavation., Discharge
277,000 cfs.

(68

PB46-D-49970 NA

B. DNo left bank excavation. Discharge
150, 000 cfs,

PB46-D-49971 NA

C. Left bank excavated 100 feet., Dis-
charge 277, 000 cfs.

P846-D-49972 NA

D. Lert bank excavated 100 feet, Dis-
charyge 150, 0C0 cfs.

OROVILLE FLOOD CONTROL OUTLET

Flow with straight chute and left bank excavation
1:78 Scale Model




Figure 88
Report Hyd-510

ol

75N |

PB46.D.49974 NA =

B. Discharge 150,000 cis. C. Discharge 277, 000 cfs.

OROVILLE FLOOD CONTROL OUTLET

Flow with left bank excavation
1:78 Scale Model




Figure 87
Re%‘g't Hyd-510

P846-D-47976 NA

Curved deflector wall about 80 feet
high and 300 feet long, e

Discharge 277, 000 cfs.

OROVILLE FLOOD CONTROL OUTLET

Flow with curved excavation in left bank ,
1:78 Scale Mcdel '




Figure 88
Report Hyd-510

A. The basin with trajectory apron and
10-foot sill.

P846-D-49981 NA

C. Same as B except basin floor raised
to elevation 175.

OROVILLE FLCOD CONTROL OUTLET

Flow in basin with trajectory apron at ¢au of chute
1:78 Scale Madel




Figure 89
Report Hyd-510

A. Discharge 277,000 cfs, 40° flip
bucket installed at Station 42+40.

B, Discharge 150,000 cfs, 40° flip
bucket installed at Station 42+40.

|

PB46eD-49984 NA

C. Excavated basin with two rows of
23- by 44-foot chute blocks added.
Discharge 150, 000 cfs.

2846.D-49985 HA

OROVILLE FLOOD CONTROL OUTLET

Flip bucket and chute blocks for flow dispersion
1:78 Scale Model




Figure 80
Report Hyd-510

(@

P846-D-49987 NA 2

A, The "Plow, " B. The slotted "Plow."

-

P846.D.49988 NA. PB462D-49989 NA

C. Triangular blocks at ends D. The "Pyramid" blocks.
of first row blocks.

OROVILLE FLOOD CONTROL OUTLET

Arrangements tested for flow dispersion
1:78 Scale Model




FIGURE
AEPOHT HYD-S10

~~-ALTERNATE

.\......________'_.....

OUTLET
CHARNEL-
FLOW

{FEET)

,--& OF GHUTE

f

-~-END DF
" CONGRETE

DISTANGE

\

L-—— EOGE DOF cuT

T T ——— 71

/

/

STATION {FEET) ——==

LFLET)

+=-EXISTING GROUND SURFAGE
ELEVATION ALONG GHUTE &

END SILL DETAIL

£2,2449+

ELCVATION

f—- EL.IT%

Feem s 100" -

ELEVATION

HOTE

1
O -

Plan is rermal
to chute Haor.
S=024489

__4..:3

e~ 200"

L-FLOOR BF GHUTE
F

L—-~eso'-——-——|

3 1
== 20,0 -

SECTION A-A

CHUTE BLOCKS SYMMETRICAL
ABOUT THE CHUTE CENTEHL!NE--—~\

OROVILLE FLOOD GCINTROL OUTLET
PROPOSED CHUTE -BLOCKS AND

EXGAVATION AT END OF CHUTE
1' 7B 5CALE MODEL

PARTIAL PLAN
o 5 o is 0
SGALE OF FEET
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Figure 94
Report Hyd-510

PB8d46+D-49%90 NA

The chute blocks and basin.

P846.D-49592 N A

el ;/‘\/ i j

[PB4B-D-45993 NA -
The model cperating at 150, 000-cfs discharge
tailwater surface elevation 228 feet,

OROVILLE FLOOD CONTROL OUTLET

The recommanded chute blocks and plunge basin
1:78 Scale Model




Figure 95
Report Hyd-510

Discharge 150, 000 cfs; tailwater surface
elevation 228 fest.

Discharge 200, 030 cfs; tailwater surface
elevation 237 feet.

Discharge 277,000 cfs;
elevation 270 feet.

Dizcharge 202, 000 cis; tallwater suriace
elevation 280 feet,

ORCVILLE FLOOD CONTRCL OUTLET

Operation of recommended chule blocks and plunge basin
1:78 Scale Model




FIGURE 96
REPORT HYD - 5t0
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Figqure 87
Report Hyd-510

Pressure {Prototype Feet of Water)

Piezometer: Discharge (thoysand cfs)
No, 75 100 — 150
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Notes: Tests were run on Block No. 1; data assumed applicable to Block No. 4.
. Pressures for 18,500 cfs are the same for Blocks No. 1 and 2 and assumed
applicable to Blocks No, 3 and 4.

For piezcmeter locations, see Figure 96.

Minus sign indicates pressures below atmospheric-—-cthers are above atmosphefiq.

QORQVILLE FLOOD CONTROL OUTLET
Chute Block Pressures--Blocks No. 1 end 4

1:78 Scale Model
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Figure 09
Report Hyd-510

Pressure (Prototype Feet of Water)

A1l : Piezometer : Piezometer :; Piezometer
piezometers : No. 23 : No. 20 :No. 20 and 23

connected :disconnected :disconnected :disconnected

20 =23 : =22 : : -—
21 : =20 : -18
22 : R -2
23 : 5 -
=0 -6
-3
0

Piezometer
No,

as #x 2w

24
25
26

ve 48 ma we
* 20 es. mm BR ke

Note: : ' _

For plezometer locations, see Figure 96. A disconnected piezometer -
allowed air to enter at thet point. Minus sign indicates pressures
below atmospheric. ‘ ' '

OROVILLE FLOOD CONTROL OUTLET

Effect of Aeration on Pressqges at Cormer of Chute Block

1:78 Scale Model




FIGURE 100
REPORT HYD-510

CHUTE FLOW
——
DIRECTION

DETAIL A
SCALE 3/4" = |'-0o"

DETAIL A
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ELEVATION SECTION A-A
SCALE "= g'-0" : -

i

OROVILLE FLOOD CONTROL OUTLET
MODIFIED CHUTE BLOCKS - RECOMMENDED
1:78 SCALE MODEL
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Figure 101
Report Hyd-510

Pressure (Prototype Feet of Water)

Piezometer Nos. : Discharge (thousand cfs}
(Modified Block) : 150 200 : 27 o
L 1 : +3 : 0 : -4 - .
- 2 : +3 : 0 : S a2
3 : +2 : -2 : +2
" A : =12 1 -6 : +12
pes 5 : +2 : +18 : +53
: 6 : +12 : +34 : +72
7 : +3 : +2 : 0
8 : +7 : +7 : +9
9 : +58 : +87 : +83
10 . 1 : +68 : +83
11 0 : +2 : +4
S : 1z : +40 : +5 : 0
13 : 0 : 0 : 0
R 14 : +100 : +120 : +140

b
\h

+83 H +100 : +130

Notes: Tests were run on Block No, 2; data assumed
applicable to Block No, 3. For plezometer-locations,
see modified chute block drawing, Figure 100.

Mcdel pressures between +0 025 foot and -0.010 foot
were recorded as zero, :

T

OROVILLE FLOOD CONTROL QUTLEY

Pressures on Modified Block (Protrusion
et Upstream Corner)

1:78 Scaele Model




Figure 102
Report Hyd-510

P 846-D-49998 NA

P846«D=49999 NA

OROVILLE FLOOD CONTROL CUTLET

Recommended chute block
1:78 Scale Model




Figqure 102
Report Hyd-510

Pressure (Prototype Feet of Water)

: Discharge {thousand cfs)
Piezgmeter No, : 50 3 75 : 100 : 150 -

67 . A : a1 : 103
51 57 : 63 84
5¢ ¢ 6 3 71 : 9l
50 . : 57 : 63 . @ 84
38 : 4, : 49 68
16 : 17 : 18 : 22
22 : 23 : H 7
11 : 16 : : 29
0 : 0 : : 0
47 : 58 : 97
-2 : : 16
0 -17
5 9
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Notes: Tests were run on Block No, 23 data assumed applicable to Block.

No, 3. For piezometer leocations, return to initial numbering system, see
Figure 96. _

Minus sign indicates pressures below atmospheric--others are above atmospheric.

OROVILLE FLOOD CONTROL OUTLET
Chute Block Pressures--Blocks No, 2 and 3

1:78 Scale Model




FIGURE 104
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PRESSURE (PROTOTYPE FEET)
DIMENSION | _ DISCHARGE (THOUSAND C.F.S.)
"A" 150 200 277

+1 -5 o
- =y -20

-2 -8 ~-10°
+20 - +34 +47
+55° +79 +103

+36 . “+60. +78

+2 ' -8
+14 -2
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+e +33
+27
£33
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-5
-7
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16.25 FT.
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" BLOCK
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OROVtLLE FLOOD CONTROL OUTLET ' :
CHUTE BLOCK PRESSURES FOR VARIOUS CORNER END HEIGHTS
1178 SCALE MUDEL
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Pressure (Prototype Feet of Water)

Discherge {thousand cfs)

ITFe
100 150 200 277

Piezcmeter No,

31
32
33
34
35
36
37
38
39

b
-l

0 0
12 23
33 39
5 20
21 37
38 52
A 16
16 33
40 55

4
29
46
41
54
&7
40

23
71

[
O0Oo
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e e A % 46 2n a0 se ss s
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B\.OOBUIOBOO

 s4 w8 an 43
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Note: For piezcmeter locatioms, see Figure 96, All pressures were
above atmospheric. A 5-foot-long sill was placed at the end
of the chute,

OROVILLE FLOOD CONTROL OQUTLET
Sidewall Pressures

1:78 Scale Model
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2. TInitial wall was 170 feet long
with the top at elevation 228.
Dye shows region of high ve-
locity flow. Discharge
150, 000 cfs.

Enlarged wall was 190 feet
long. The top sloped from &
elevation 236 at the river 7
bank to elevation 231. Wall
prevented 150, 000=-cis dis-

charge flow from moving

upsiream as shown by dye.

C. Either wall produced erosion
in the streambed.

OROVILLE FLOOD CONTROL OUTLET

Flow and erosion in the river with wall on left bank
1:78 Scale Model
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P846.-D-50004 NA

A. Deposition after B. Deposition after a 7\
about 60, 000 cubic second 60, 000 cubic
yvards of material yvards of material
was added in 2 was added during 16
hours (prototype). more hours of opera~
Discharge 150, 000 tion. Discharge
cfs. 150, 000 cfs.

C. View of river and
basin after test.

CROVILLE FLOOD CONTROL OUTLET

Sedimentation due to erosion along left bank
1:78 Scale Model
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CONVERSIOH FACTORS——BRTTISE TO METHIC DNITS OF MEASTREMENT

The fallewing converaion factars adopted by the Buresu of Reclemation ere those pubiished by the American Society for
Testing and Materials (ASTM Metric Practice Gulde, January 1964) except that mdditionel factors (%) commonly used in
the Bureau have been added. Purther discuseion of definitions of quantities end wnits 1s given om pages 10-11 of the
ASTM Metric Prectioe Cuide, - i .

The metrle umite and conversion factors sdopted by the ASTM are based oo the "Internatianal System of Units" (designated
SI for Systeme Intermationsl d'lnites), fired by tbe Imemations] Comumittee for Welghts and Messures; this mystem is
&lso known as the Gl ar MKSA (meter-itlogrem {mass)-seccnd-ampere) gystem, Thic aystem hae been sdopted by the
Internaticnal Organizetion for Standardization in IS0 Recommendstion R-31. . -

The metric technicel unit of force is the Hlogram—force; this is the force which, wien applied to a body baving B

maso of 1 kg, gives it an acceleration of 9.80665 m/sec/pec, the stendard mcceleration of free fall townrd the earth's
center for gea level et 45 deg latitude. The meiric uclt of force in ST units is the newton {N), which is defined as
that force which, when spplied to a body having & maos of 1 kg, gives it an acceleration of 1 m/Bec/Bec. Theee umlts
mist be distingulahed from the {incomstam:) losal weight of e body having e mees of 1 kg; that 1s, the welght of &

body 1s that force with which & body 15 etivacted to the earth grd is equal to the weds of a body mltiplied by the
acceleration due to gravity., Hewever, because it 15 geperul practice to use "pound" rather than the technicelly

correct term "pound-force,” the term "kllogrem" {or derived mese unit) has been used in this guide instemd of "] ogT Al
farce™ in expressing the conversian factors for forces. The newton unit of force will find incresaing use, and i :
eagential in 5@ units.

Table 1
SANTITIES AND UNITS OF SPACE

To obtain

|+
Inabes

. Meren
Hllloeters
Centlpeters
Centimaters
Meters
¥ilomtare
Meters
Metors
Eilometers

Feet . .

Yanda,
Miles (mtatute) b (exmetlyds |
609344 {exactly)

AREA

6.,4516 {exsctly) ,
929.02 (exactiyhw, .
0.092903 {exactly)
0.836127

Square fnches,
Square faet,

Squ.meyuﬂa.
keres, . . . L

Square centimeters
Squate cantimeters
Square meters
. Square metsra
e Heciares
s e s . .. Square metars
. A Square kilopetars
. .- Square ¥ilometers

e e s

Bguare mlles

Cubde inches Cublc centimetors

Cubic feet .
Cubic yurds.

- 0,0287168 .

0. 764555,

Cublc xetere
Cuble meters

CAPACTTY

Fluld oupces (7.5.)
Liquid pinta (U.5.)
Qarte {1.5.).
caltaos (D.5.)

Gallona (U.X.)

Cubic feel .
Cubic yarde
Asra-feet, .

29,5777, .
29,5729, .
0.473179.
0472166,
9,463.58,
0.946358,
3,785.42% , |
378543 .
3.78933 .

1,233.5¢

1,233,500

Cuble centimsters. .
M1lliliters

Cublo decimstars
Liters

Cubie centimetars
Liters

{uble cemtimaters
Cutde decimmters
Liters

Cubic meters
Cuble decimeters
Liters

Litera

Liters

Cublic maters
Liters
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ABSTRACT
The initial combined flood eontrol outlet and spillway for Crovitle
Dam, in which the flow from the bays converged rapidly into a
narrow lned chute, did not operate satisfactorily on a 1:78 scale |
overall hydraulic model, so various changes were studied and an
arrangement of separate structures was approved. - Tests on the
1:78 model of the approach channel, Dlood coatrol-outlet, gated
spillway, chute, and river channel sliowed other flow conditions
were excellent. The structure was redesigned as separaté flond
cantrol outlet and emergency spillway, and thé outlet was then
studied on a 1:48 sectional medel and the 1:78 model. The outlet -
was designed for a normal discharge capacity of 250, 000 cfs at
reservoir el 300, Energy dissipation of the outlet flow was accom-
plished by dispersing the flow with four 23- x 44-ft wedge-shaped
chute blocks. This dispersed flow landed in a large plunge pool ex-
cavated in the right bank of the Feather River, Subatmospheric pres-
sures at small areus of the blocks were eliminated by aeration and a
slight reshaping of the hlock corners. Pressures on the bellmouth
entrance surfaces were subatmospheric near the upstream end, but
a more qradually curved bellmouth ralsed the pressures. Studses.

showed that if the flood control outlet was conlained in-a.gravity dam

section rather than the preliminary siah and buttress section, the ;7
vertical face of the gravity section greatly reduced vortex actlon and
turbulence in the approach flow.

ABSTRACT

The initial combined flood control outlet and spillway for Crovilie
Dam, in which the flow from the bays converged rapidly into 2
narrow lined chute, did not operate satisfactorily on a 1:78 scale
overall hydrauwlic model, so varlous changes were studied and an
arrangement of separate structures was approved. Tests on the
1:78 madel of the approach channel, flood control outlet, gated
spillway, chute, and river channel showed cther flow conditions
were excellent, The structure was redesigned as separate flocd
control cutlet and;emergency spillway, and the outlet was then
studied on-a 1:48 sectional model and the 1:78 model. The outlet
-was designed for.a normal discharge capacity of 25,000 cfs at
reservoir el 300, Ensrgy dissipation of the outlel flow was accom-~
plished by dispersing the flow with four 23~ x 44-~ft wedge-shaped
chute blocks. This dispersed flow landed in a large plunge pool ex-
cavated in the right bank of the Feather River. ' Subatmospheric pres-
sures at smatl areas of the blocks were eliminated by aeration and a
slight reshaping of the block corners. Pressures on the bellmouth
entrance surfaces were supatmospheric near the upstream end, but
a more gradually curved bellmouth raised the pressures. Studies
showed that if the flood control cutlet was contained in a gravity damn
sectlon rather than the preliminary slab and buttress section, the
vertical face of the gravity section greatly reduced vortex action and
turbulence in the approach flow.

“eontrol outlet and emergency spiliway, an

ABSTRACT

The initial combined flood contral cutlet and spillway for Qroville
Dam, in which the flow from the £ays converged rapidly into.a -
narrow lined chute, did nol operate satlsfactorily on a 1:78 dedle
averall hvdraullc model, so various changes were studied and un
arrangoment of separate structures was approved. Tesis on the
1:78 model of the aporoach channel, flood control cutlet, gated
spillvny, chute, and rivar charnel showed other flow conditions
were excellent. The ttricture was redeslgned as separate flood
control cutlet and emergency spillway, and the outlet was then
studied on a 1:48 sectional model and the 1:78 moedel. The outlet
vias designed for a normal discharge capacity of 250, 000 ofs at
reservoir el 900, Energy dissipation of the outlet flow was accom~
plished by dlspersing the flow with four 23- x 44-ft wedge-shaped
chute blocks. This dispersed flow landed in a large plunge pool ex-
cavated in the right bank of the Feather River, Subatmospheric pres-
sures at small areas of the blocks were eliminated by aeration and a
slight reshaping of the block corners. FPressures on the bellmouth
entrance surfaces.were subatmospheric near the upstream end, but
a more,gradlally curved bellmouth raised the pressures. Studies
showed that if the flood control outlet was contained in & gravity dam
seclion rather than the preliminary slab and buttress section, the
vertical face of the gravily section yreatly reduced vortex action and
turbulence in the approach flow,

ABSTRACT

The initial combined flood control outlet and splllway for Oroville
Dam, in which the flow from the bays converged rapidly into a
narrow lined chute, did not operate satisfactortly on a 1:78 scale
overall hydraulic model, so varlous changes were studied and an
arrangement of separate structures was approved., Tests on the
1:78 model of the approach channel, flood control outlet, gnted
spillway, chute,” and river channel showed other flow conditions
were excellent. The structure was redc-si:{med as separate flood

the outlet was then
studied on a 1:48 sectional model and the 1:78 model. The outlet
was designed for a normal discharge eapacity of 250, 000 «fs at
reservetr el 900, - Energy dissipation of the cutlet flow was accom-
plished by dispersing the flow with four 23« » 44-ft wedge-shaped
chute blocks. 'This dispersed flow landed in a large plunge pool ex-
cavated in the right bank of the Feather River, Subatmospheric pres-
sures at small areas of the blocks were eliminated by aseration and a
slight reshaping of the bleck cormers: Pressures on the bellmouth
entrance surfaces were subatmospheric near the upsiream end, but
a more gradually curved bellmouth ralsed the pressures, Studies
showed that {if the flood control outlet was contalned in a gravity dam
section rather than the prelimlinary slab and buttress section, the
vertical face of the gravity section greatly reduced vortex action and
turbulence in the approach flow.
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