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ABSTRACT -

A fiip bucket was developed from model studies to minimize river channel
eresion and provide satisfactory dispersion of flows for the new, :
enlarged-capacity outlet works at E1 Vado Dam. The outlet works will
utilize a plunge pool in the river channel created by past spillway
flows. Normal discharges will range from 2,000 to 4,000 cfs, (56.634 to
113.268 ems) with an overall renge of 0 to approximately 6,700 cfs
{189.724 cms). Reservoir water surfaces will renge between elevation
6775 and 6902. The initial bucket design proved unsatisfactory and re-
-sulted in considerable erosion in the river channel. The recommended
bucket was constructed with 2 vertical, sllghtly converging sidewalls

- and 2 sloping plane surfaces. An offset opening was provided in the
‘right wall for dlscharging small, low-velocity flows., River channel

¢ erosion caused by outlet works operation will be moderate. FErosion from
combined spillway and outlet flows will be significant, but combined
operation will be necessary only under extreme flood conditlons. Opera-
tion of the splllway alone is not antlclpated.k

DESCRIPTORS-- *flip buckets/ hyerullc Jumps/ eros*on/ head losses/
*outlet works/ slide gates/ intake structures/ *hydrsulic models/ model

" tests/ dispersion/ *energy dissipation/ moveble bed models/ *spillways

IDENTIFIERS-- plunge pool/ El Vado Dam, New Mexico/ New Mexico/ San Juan
. Chanes ProJect




PURPOSE

Studies were made to develop a _flip bucket for the larger
capacity outlet works at El Vado Dam to provide well dis-
persed flow, free from impingement on the canyon walls, and
resulting in a minimum of river channel erosion. '

CONCLUSIONS

1. The preliminary design of the flip bucket was unsatis-

factory for the large range of heads and discharges. A

large flow concentration existed along the left wall, and

- no vertical lift was imparted to the flow leaving the rlght
‘side of the bucket (Flgure 9).

24 A bucket de51gned for the normal dlscharge range of
2,000 to 4,000 cfs (56.634 to 113.268 cms) provided satis-
factory flow conditions for discharges from 0 to 7,400 cfs
(209.546 cms)- throughout the range of heads to be encoun=
_ tered (Flgure 12). :

F:’\
3. An offset openlng in the right wall of the flip
bucket provided-a passage for small, low=-velocity dis-
charges, and allowed® self—dralnlng of the flip bucket
. area (Flgure 10).= )

4.0 The dlsper51on characterlstlcs of the fl:p bucket vary -

"~ ‘with depth and velocity “of the approaching flow (Flgure 12) o

- A flip bucket could not be developed which provided-optimum .
'flow dlsper51on for all dlscharges and head condltlons.

~5." Wlth minimuma assumed tunnel losses, and balanced gate
oPeratlon, a hydraullc jump will form at the tunnel portal .
ata release ©f 900 cfs (23.485 cms) with a reservoir water
surface elevation of 6785, ‘and’ at a release of 600 cfs . . ¢
_ (16.990° ‘cms) with -a ‘reservoir wavﬂ*‘surface elevation of
..:6902, With higher tunnel lossdes, the jump will Tmove up-
,stream 1nto the tunnel (Flgure 13).¢ C

:6._ Wlth maximum assumed tunnel losses and balanced gate

- .opération, .a hydraulic jump will formoat the tunnel portal -/~
.. - at .a release of 1,600 :¢cfs. (45.307 cms) w1th a reservolr'"_ _
\‘:;‘water surface elevatlon of 6785, and at ' a rélease of 1,000

cfs (28. 317 cms) Wwith a reserv01r water .surface’ elevatlon

'rlsof 6902, ' With higher tunnel losses, the jump Wlll move:
- upstream 1nto;the tunnel (Flgure 13)-1- PR e




7. Slngle gate operation resulted in sllghtly different
" flip bucket dispersion characteristics at high heads. The
pattern appeared best for right gate operation.. Dispersion
at low heads appeared identical for e1ther gate (Flgure 14).

8. The fllp bucket will ‘perform Satlsfactorlly with excess = )
tallwater up to the elevatlon 6735 (Flgure A5) .. '

_ 9 5plllway flows caused con51derably deeper erosion than '
éoutlet works flows of the same magnltude (Flgures 16 and.
17). :

lO., The worst erosion for outlet works flows was produced o
- by low head, high volume releases that struck near the :
ﬁ;downstream end of the apron (Flgure ig).

-ll. Dynamlc pressure measurements obtained on the 1eft
N, }and right walls of the flip bucket revealed fairly steady
leoadlng, with no negatlve pressures encountered (Figure 19).

'EPPLICATIONS

:ﬁ:The scope of the study was spec1f1c, deallng w1th a . par--

" ticular facility with definite and unusual operational -~ . =~ . - 5'tid,r

Td](FLgure 1)<’ ‘The present outlet works at El Vado is to

- ‘and topographical conditions. ‘Therefore, no further ap— : -
'-:plzcatlon can ‘be ant1c1pated for the study. i

.“___1

A SR
= :'. ) ;.; : . ;__\.

INTRODUCTION o \ "d -;%'_ - 1]

"El Vado Dam is . an exlstzng fac111ty bullt in the 1930's o . ..
and located on the Rio Chama in North Central New Mexlcoj L _— L

-~gmall - to adequately meet ‘water requlrements of ‘the. San
gJuan-Chama Project. 'A.new, larger outlet. works will® _
"'be built and: the: dam will become, a‘regulatlng facllrty\ :
..for ‘the. progect in. \chh water is dlverted ‘from ‘the west--
ern slope .of ‘the ‘Rocky Mountains: andftransported through
the Contlnental Dlvrde for benef1C1 guse on” the eastern-_-‘

The ‘new outlet works wrlluhave an capacrtyfof 6 700 cfs s
189.724 cms)- ‘and: will: Operate ‘with reservoir water sur—
faceﬂelevatlons ‘ranging ‘from 6775 to 6902. ' The new out— %

yrks ‘tunnel” w1llrapprox1mately parallel ‘the" exlst-.a‘
ing splllway“’A plunge pool, .created by past splllway T
flow strlklng the rlver channel W1ll ‘serve as_the energy _1}W_p;a




:dlsS1pator for outlet works flows that are directed 1nto
‘the pool by a flip- bucket. (Figure 2)._ ‘

Releases will be controlled by the crest of the outlet .

.'works intake structure for reservoir water surfaces be-

* tween elevation 6775 and ‘approximately 6780. Flow leav-
ing the outlet works tunnel will be directed by a flip
bucket designed to cast the water beyond the structure

for most operating conditions and at the same time spread
the flow to obtain good energy d1551patlon as it falls '
into the river channel. : o

The model study was requlred to develop a flip bucket which
-would satisfactorily dlsperse flows for a wide range of op- -
'eratlng conditions and mlnlmlze r1Ver channel erosion in '
the rather conflned canyon area. ' :

i

THE MODEL

" A l 30 scale model was. constructed for the tests (Flgure 3).
The model contained two sheet metal outlet works slide .
gates, a section of outlet works tunnel, the flip bucket
and spillway rehabilitation. area,.the downstream portlon'
of the- 5p111way, and a sectlon of rlver channel. °.
Flow was Supplled to the outlet works tbrough a 3-foot- o
_diameter (91.44 ‘cm), baffled head tank 1og ated immediately
"upstream of the slide gates. A lD-foot-lonq sheet metal
tunnel section (3.048 meter) was used to COHVLY flow from
- the slide gates to the flip bucket. fThe tunnelshape was

. a modified horseshoe with vertical side walls and:a 6-1nch‘

(15.24 ‘em) center rise {(prototype) ‘in the floor. . The up-
,stream portion of tunnel was of constant cross sectlon.;
The ‘downstream. portlon varied in cross ‘section with the- ‘
invert sloped. away from . the- tunnel centerline to a maximum ?J
- of -2 feet (60.96 cm) {prototype) at the tunnel portal. = ./
The fllp bucket and associated structure were made of woo
- for ease of modification.: Outlet works flow was supplled
by a portable 8-1nch pump and was measured w1th .an orlfl e-

“‘?venturl meter. :

ﬁ{.The downstream end of the exlstlng sPlllway was repr senteduﬂ

: ﬁfThe upstream end of the 5plllway sectlon mas
connected ‘to.a head box. Adjustments to splllway flow

jveloc;tles ‘were made by addlng ‘or removing wooden slats at y-i -

~-the‘head box outlet to: .change’ the wate:

. .-8tream end:cf the splllway ‘was connected to thearlver'chanéf”:{t
_ignel tall box and the fllp backet structure .1gure 3).d.:g_ L




. Seven hundred feet of river channel were represented in

. the model (Figure 4) beginning at Station 5+85 (Figure 5):
and extending approximately 450 feet (137.160 meters) down-
stream ‘from the plunge pocl. The canyon walls were con=
‘structed. of concrete on wire mesh, and extended from-eleva-.

" tion 6800 down to elevation 6680. Movable bed material
consistinig of 3/8= to 1-3/4~inch (0.953 to 4.445 cm) rounded
gravel was used for the river bottom. A tailgate located
at Station 12+85 provided a means of adjusting the tail-

water ‘to depths obtained from computed water surface pro-

flles at Statlon 12+00 (Figures 5 and 6).

- In order to provide correct pressure head settlngs for the
' model outlet works head tank, calculations were made to
determine the losses in the prototype structure upstream
of the gates for various discharges. Included in the com-
.~ putations were intake, bend, transition, and conduit fric-
.- ‘tion losses. Two overall loss coefficients were used, one
- providing slightly higher losses than anticipated, and one
' providing slightly lower losses than anticipated. These
coefficients were multiplied by the velocity head in the
li-foot 6-~inch (3.505-meter) diameter conduit, and the re-
;sultlng loss subtracted from the reservoir elevation leav-
1ng an avallable head whlch was set on the model head tank

_Model Devratlons from Prototype

The .model outlet works tunnel was constructed prlor to. the
. determination of the bottom slope for the portion of the
- tunnel with varying cross sections.. The model invert was
on a slope of 0. 02667, whereas the: final prototype invert
section‘was on a slope of 0.008171. The greater relative
. oughness in the modell/ compensated for the steeper slope
- and provided specific. energy at the tunnel exit portal com=
parable to the specific energy of the prototype for mini-

u:'mum assumed tunnel losses (n .= 0. 008). In order to obtain

LHSPECLflC energy comparable to maximum assumed prototype
tunnel losses (n = 0.014), wire mesh was added along the
invert_andrsidefwalls of the model tunnel (Flgure Al).

TﬂE INVESTIGATION

"Prelrmlnary Desrgn *~._s_w;ggy:

.ff_The prellmlnary flrp bucket design. was based on the best -
" empirical“data avallable, ‘but proved. to be. unsatlsfactory

Coid

””?ﬂfor the large ‘range of heads: and dlscharges. The_bucket__;"'

fd}i 7Numbers refér to 1tems 1n Blbllog1aphy
PR _ §_

o - bR R . .




contained a single laterally inclined, upwardly sloping,
triangular-shaped plane surface (Figures 7, 2A and 9B).
The right edge of the plane lay along the floor (elevation
6735), starting at the left wall at Statien 16+50.00 and
-extending downstream to the right. The left edge began
in the corner formed by the floor and wall and sloped up="
ward along the dleft wall tc~ elevation 6750 (Figure 7).

Small, low head, releases flowed along the floor to the -
right of the flip bucket and then moved down a baffled
apron to the river channel. Larger flows were directed
by the flip bucket with varying trajectories, depending
‘on the lateral position of the flow leaving the bucket.
(Figure 9B). Flow on the left side of the plane surface
was lifted vertically, as wpll as turned downstream to the
"right. Flow on the right gide was not lifted, but only -
turned downstream. For large high head releases, a heavy
- flow concentration developed along the left wall of the
" bucket, and struck the river bed near the channel center.
Flow leaving the right portion of the inclined -flip bucket
plane surféice struck the river channel near the end of the
horizontal apron at the foot of the structure.. To elimi=-
_‘nate the heavy flow concentration along the left wall, and
to prevent flow from the rigat side striking near the foot

. of .the structure, the study was directed toward a de51gn

~which would lift the flow evenly across the’ lip of the
bucket for the- 1arger releases2/3/4/ and pass small re-
T leases through an offset opening 1n the rlght wall.,

S

N First Modification

The . first modification con&;sted of right and left confin-
.- ing walls and'a large 1nc1mned ‘plane surface with=a second
. Steeper .inclined plane surface at the downstream end .
(Figure 8A). The left confining wall was an exten51on of
the* left -approach channel wall which turned 15° o the -
right with a 30-foot (9.l44-meter) radius. of curvature

‘_.beginning at Station 16450.00, The upstream plane surface -
.was used to lift and turn the flow as it approached the

~end of the bucket. The small downstream plane surface ° .
: ‘served as the lip of the bucket and imparted the final

. 1ift -and -direction to the flow. - An offset opening for
* passing small flows was prov1d°d in the right confining

~wall of the bucket. . - _ :

._h"Thls de51gn handled flows from 4 DOO to 7'4b0 cfs (113 2683!1
:,;to 209 546 cms) very well however,fin the normal range of_k




réleases (2,000 to 4,000 cfs) (55 634 to 113.268 cms) a |
relatively large. portlon of the flow was turned toward the
‘right canyon wall. The flow.appeared to be following a
pro;ected line from the -jntersection of the two inclined

«x plane surfaces. Also, the offset opening for passing

‘small flows out the right side of the bucket was too .
-~small ‘and allowed water to back up and cause a hydraulrc '
jump to form upstream of the bucket and in the outlet .
works tunnel for releases in the 2, 000 cfs (56.634 cms)
flow range.

Second Modlflcatlon

o prevent flow in the 2, 000 to 4,000 cfs (56 634 to
113.268 cms). range from belng drrected toward the right
canyon wall, two plane surfaces intersecting in-a line
directed to the left of ‘the right canyon wall were in-.

;” .stalled (Frgure 8B). °

SO tunnel S e R |

Drspersron of normal releases (2 £00 to 4 000 cfs) (56.634
~to 113.268 cms) was greatly 1mproved wrtn the new arrange-
;ment, and- the flow cleared the right canyon wall. ‘Larger
'releases ‘were not as well dispersed. ascw1th the first .
modrflcatron but were satisfactory. As before, small
flows were backed up -by the offset . openrng in the right o
wall causrng a hydraullc jump to - form in the outlet works'

i

i '*Recommended Desrgn

To prevent the occurrence of a hydraul;c jump in the outlet
works tunnel for all but very small releases, two steps '
were undertaken. ‘- The first was to increase the size of:

+ the | ,low flow offs=t -opening in the right. hand wall. . Thls
allowed the 1ow flows to pass ‘more easrly“from the struc-
ture, 1owered the water surface. elevatlon in the tunnel,-

-and helped ‘retard the. formation of the jump. for “small re—e;ﬁ;y

leases. ~However, with large. releases, a portlon of the

. flow. changed direction almost immediately after leaving
. "the right . approach channel wall (Station : 16+50.,00), flowed

.;through +the offset opening, and'struck the right low-flow.

_bypass channel:-wall with conslderable force.. ‘This condl-“

*‘tion became worse when wire: ‘mesh was added to the tunnel
to: 1ncrease the losses and 1ower flow velocrtles.




The second step was to decrease the overall flip bucket
height as much as possible without adversely affecting
its performance. The flip bucket lip and right confining
wall were lowered in small increments while making siight

‘adjustments to the plane surfaces so as to maintain the
same dispersion characteristics.

For the recommended de51gn, the p01nt of intersection’ o"

“ the downstream end of the flip bucket and the left wall

was lowered from elevation 6751 to elevation 6745 (Fig-
~ure 10). The point of intersection of the downstream
end of the flip bucket and the right confining wall

was lowered from elevation 6745 to elevation 6742.5. .
The high point: of the left confining wall was lowered
from elevatlon 6755 to elevatlon 6753. 75.

The 1ow-flow offset openlng began at Station 16+50 00
-and extended 8.71 feet (2.6548 meters) downstream to the
right confining wall. A 2-foot-high (60.96-cm} curb,
which began at Station 16+54.06 and extended to the right
confining wall (Figure 10, Section C-=C), prevented lower
velocity flows from striking the low-flow bypass channel
- right-hand wall. The bucket area was self-draining at
-~elevation 6735 through a l-foot 3-~inch (38.100-cm} open-
ing ‘between the end of the ‘right approach channel wall
.and the: beglnnlng of" the upstream plane surface of the
f11p bucket. : ,

'Operatlon of Recommended Bucket

Outlet Works Gates Equally Qpen.-—The dlspersron charac—“.
teristics of the ‘recommended flrp bucket wvary considerably

-~ with depth and’ velocity of flow through the bucket (Flgures'__'ﬂ'E

‘9C, 9D and 12). ngh-veloclty relatively -shallow- flows -

‘"~; produce the bestidlsper51on with. the. jet.striking sllghtly‘

- beyond the -center“cf the river channel. Deeper flows re-:

nsultxng from lower head operatlon or hlgher friction losses_fwﬂ

“~1ncrease frlctlon 1osses, any flow veloc1ty condltlon re=.

“sulting from between: minimum and maximum assumed tunnel

7 “friction: ‘could be ‘duplicated.(Figure 11). For the dis=' ' °
. persion tests, no unsatisfactory flows resulted, .although .

-_Vthe ‘higher velocrty flows resulted 1n better jet dlsper-‘
ysron.‘*f“ e :

- O

“?QC}gSLnlle Outlet Works Gate.--Releases through a- srngle gate
. xesulted in slightly :different flip bucket dispersion pat-
-_;gterns at h1gh headS-ﬁ ‘No/ 51gn1f1cant dlfference was noted

‘“A‘

R




in d;sperSLOn for one- or two-gate operatlon when the heads
were low or moderate (Figure 14B). The right gate ap=-
peared to provide the best flow dispersion at the flip
bucket; however, the left gate flows were satisfactory.
With low-head operation, no detectable difference was
_-observed between left or right gate releases. HNo daif-
fizulty should be expected from 51hgle gate releases.

Hydraullc Jump gpstream of the Fllp Bucket.--For small
releases a Nydraulic jump occurs at, or upstream from,
the flip bucket, or in the outlet works tunnel (Flgure
13).  ‘With minimum ant1c1pated tunnel losses, a jump
occurs at the tunnel portal at a release of 990 cfs  °©
(25.485 cms) with a reservoir water surface elevation -of
6785, and at a release of 600 cfs (16.990 cms) with a
reservoir water surface elevatlon of 6902, With max imum
anticipated tunnel losses, a hydraulic jump occurs at the

&
L

tunnel portal at a release of 1,600 cfs (45.307 cms} with =

a reservoir water surface elevation of 6785, and at a re~
lease of 1,000 cfs (28.317 cms) w1th a reserv01r water
‘surface elevatlon of 6902.

_'Effects'bf Increesed Tallwater.--The.fllp bucket can bhe
- expected to perform satisfactorily until the tailwater

. ‘near the bucket reaches elevation 6735.. With the tail-

"water above elevation ‘6735, the backwater effect will .
~“cause the hydraulic jump -to form upstream from the fllp
‘bucket more quickly -and will move upstream.into the tun-
+nel for lower releases than with normal tailwater. If

- an accumulation of erodible material occurs in the river

echannel which would cause tailwater sufficiently high to
‘prevent .aeration of the flip’ bucket lip, the riverbed ' -

° material should be “removed. 'Photographs of flip bucket

8 foperatlon Wlth hlgh tallwater are- -shown  in Flgure 15.

'”aErOS16n‘Stﬁdles.;—Prevlbus operation of the prototypeu

';_ splllway ‘has resulted in the formation of a plunge pool

in ‘the river channel. The spillway ‘terminates’ at eleva-

:“f;tlon 6780.16 with a short, nearly. horizontal trapezomdal

section. Flow leaves the spillway and strikes the river -

.Channel in a- -concentrated jet’ causing considerable erosion.

As .a :esult, ‘the :river. channel botitom has: been "“lowered to

e';jelevatlon 6709.5 in’ the area of the 1mp1ng1ng splllway _
JEt (Flgure 5}0 .f_'-ff: — ey s e o ;_'ﬁ

$7fThe model lerosion’ ‘tests were' qualltatlve in nature. The
'_}materlal used in. the movahle bed portlon °f the model




consisted of 3/8- to 1-3/4-inch (.953- to 4.445=-cm)

rounded gravel placed to a scaled depth of 30 feet

(9.144 meters) below elevation 6710. Tailwater for the

erosion tests was adjusted to conform to elevations shown

on water surface profiles prepared by the Hydrology Branch -
~_and applied at Statlon 12400.00 in the model (Figures 4

and 5)- ’ -

Sg;llway Erosion +=~Spillway flows cf 12,000 cfs, or above,

‘eroded the model bed to the floor of the box (E1.6680) in.
less than 1 hour of operation (prototype time). The move-
ment of material in the model was so rapid that to prevent
the gravel from filling the sand trap and spilling into
the laboratory .channel, large discharge spillway opera-

" tion was restricted to short time periods. The only timed
spillway erosion test performed in the model was a 4,000 cfs
(113.268 cms) release for a 20-hour prototype time :
period (Figure 16). The tests showed the model bed under-

~ went considerably heavier erosion than had been experienced
in the prototype in that the model bed was eroded from
‘elevation 6720 to 6695 in the 20-hour time period, Spill-

' 'way releases result in much heavrer erosion than outlet
‘works releases of the same size. With the increased re-
.lease capability of the new outlet works, operation of
“the unaltered .spillway is not anticipated. However, if
‘use of the spillway should become necessary under flood
‘conditions, -the portion of the flood release passed by
the outlet works should materially reduce the amount of ,
er051on which would have resulted through splllway opera-
tlon alone. -Photographs of simultaneous operation of
{ the ‘outlet’ WOrks and 5p11lway are shown 1n Figure 17

Outlet Works Erosion.-~Early outlet works erosion studies
resulted in a major ‘change to' the horizontal apron and _
. -cutoff wall. The initial apron was. located at elevation
~ 6720, .and was cantllevered from a vertical cutoff wall,
.- 'The apron exteﬂﬁed hor;zontally 10 feet (3.048 meters)
"‘dowhstream, ari rested on a riprap bed. Erosion tests
. revealed removal of the riprap material, leaving the
... apron -unsupported back to the .cutoff wall. The- apron.
~“was lowered to elevation 6715 and the vertical cutoff
wall was replaced with a ‘heavy wedge~shaped foundation
" ‘key, ' The key was placed to a depth of 10 feet (3. 048
,.”fmeters) ‘below:the apron,. and minimized the danger of
;_ftundercuttlng. ‘The'.change provrded .an ‘additional 5 feet -
.+ (1.524 meters) of tailwater over the apron to aid in dls—.*'
'375451pat1ng the energy of flow strlklng 1n that area.




- " The most adverse erosion condition for the recommended
R - design resulted from large low-energy flows which were
- not well disperxsed by the flip bucket and which struck
- near the intersection of the apron with the surrounding
e ‘bed material. The erosion under these conditions was
~not severe enough to undercut the apron and key, but did
penetrate to elevation 6710 (Figure 18). _

: In the model, a buildup of erodible material immediately
downstream of the impact point of the jet caused more

S severe and deeper erosion than resulted with a level bed
o . at the same elevation. If an erosion buildup occurs near
‘the prototype structure, it should be removed. Removal
may be accomplished hydraulically by raising the reservoir
‘head level and allowing the jet to strike near the top of
the buildup forcing it downstream. _

Erosion patterns for various outlet wor]r.s releagses are _ I
" shown in Figure 18. These tests were performed for 100 T
hours .(prototype time) and resulted in a completely sta- R
bilized bed condition. The results of the tests were
.satisfactory and no detr1menta1 ‘erosion should occur 1n

_.the prototype.

- Pressures On Walls of Flip Bucket.--Dynamic pressure meas-—
- urements were obtained along the left and right walls of
. - the flip’ bucket ‘(Figure 19). These pressures were rea= N
' .sonably steady, with the hlghest occurrlng ‘where the flow SRR .
- direction was changed rapidly. The maximum fluctuations ) i .
‘occur near the flip bucket-wall intersections where the
mass .and structural damping are the highest. Also, the
frequency of pressure fluctuations were sufficiently high -
‘to minimize the possibilities of a resonant condition.
- No -negative- pressures were encountered in the model in-
g vestlgatlon... : S _ .

"VHJnlmum Head Prototype Qperatlon

";When operatlng the prototype at near minimum heads, care
. - must be taken by the operator to prevent .an intermittent

- shifting of control between the crest. of the intake struc-
. ture. and, sllde gates. Large quantities of air would be -
;'r;entralned As ;crest=controlled flows move through -the =

. 'vertical shaft of the intake structure.  This air would '
.- ‘ecollect in the crown -of the ll-foot 6-inch- .(3.505-meter) .+ =
‘_gdlameter condult, .and ‘if ‘Flow control should shift to th?f{_gs’;_n
" gates, -the accumulatlons ‘of dir would be: compressedlfmove T
“back’ upstream, .and: be released 1n an exp1051ve maneer 1n s

”-the vertlcal shaft. we 7~ /
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Figure 9
Report Hyd-567

Preliminary £lip bucket i Flow from preliminary £lip

design, with single bucket. Q-4,000 cfs

plane surface. Photo (56.634 cms), reservoix

P163~D=-60686 elevation 6880. Note flow
striking at end of structure.
Photo PLl63-D-60687

Racommended £lip bucket Flow from recommended bucket,
with two plane surfaces, Q-4,000 cfs (56.634 cms),

and left and right con- reservoir elevation 6875.
fining walls. Photo Note flow being cast beyond
P163-D-60688 structure. Photo Pl63~-D-60689

EL VADO OUTLET WORKS FLIP BUCKET

Comparison of preliminary flip bucket design and performance
with recommended flip bucket

1:30 Model
26
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Hydraulic jump upstream of £flip
bucket. Discharge 820 cfs,
ragservolr clevation 6812.5.
Photo P163-D-63699

Hydraulic jump at tunnel
portal. Discharxge 790 cfsg,
resexvolr elevation 6805,
Photo Pl63-D-60700

EL VADO OUTLET WORKS FLIP BUCKET

Hydraulic jump upstream of flip bucket for small releases.
Outlet gates equally opened - Racommended design

1:30 Model
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Figure 13
Report Hyd=567




Figure 14
Report Hyd-567

Right gate
operation
Photo P1l63-D=-60701

Left gate
operation
Photo P163-D-607J2

A

Right gate
operation
Photo P163-b=60703

Left gate

operation
Photo P163-D=60704

Ny ]

Discharge 2,000 cfs, reservoir
elevation 6900

Discharge 1,800 cfs, reservoir

B,
elevation 6805

EL VADO OUTLET WORKS FLIP BUCKET

Flip bhucket dispersion for single gate operation

Recommended design
1:30 Model
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A. Discharge 420 cfs, reservoir elevation
6835, tailwater 16 feet above normal.
Photo Pl63-D-60705

bDischarge 1,B00 cfs, reservoir elevation
6835, tailwater 14 feet above noxmal.
Photo P1l63-D-60706

pischarge 5,200 cfs, reservoir elevation
6860, tailwater 12 feet above normal.
Photo Pl6&3~D=60707

EL VADO OUTLET WORKS FLIP EUCKET

Flip bucket performance with high tailwater
Recommended design

1:30 Model
35

Figure 15
Report Hyd-=567




Pigure 16
Report Hyd-567

River channel with contour lines prior
to a 20~hour spillway erosion test.
Phote P163-D-60708

River channel with contour lines after
20 hours of spillway operation at 4,000 cfs
(prototype time). Photo Pl63-D=60709%

EL VADO QUTLET WORKS FLIP BUCKET

Spillway erosion studies

1:30 Model

36




Outlet works releasing 7,400 efs, with a spillway flow of
5;500 cfs. Photos PL63=-D-60710 and PlLE2-D-60711

Outlet works releasing 7,400 cfs, with a spillway flow of
11,000 cfe. Photos Plg3-D~60712 and P163=-D=60713

dutlet works releasing 7,400 cfs, with a spillway flow of
16,000 cfs. Photos Pl63=D=~E0714 and PAS3-D-60715

EL VADC OUTLET WORKS FLIF BUCKET
Combined spillway and outlet works operation, reservoir
: elavaticn 6902
Recomnended deslgn

1:30 Model
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FIGURE 19
REPCORT HYD-S567
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- CONVERSION FACTORS--ERITISH TO METRIC UNITS OF MEASUREMENT

-The following conversion factors adopted by the Burean of Reclamation are those published by the American Soclety for
Testing and g&a&erials (ASTM Metrie Practice Guide, Jamiary 18684) except that mfdiuonal foctors (*) commonly used in
the Bureau have been added, Further dscussiom of definltions of quantities and units is given cn pages 10-11 of the
ASTM Metrie Practice Gulde, . : . k :

The metrie units and converslon factors adopted by the ASTM are based on the "International System of Units" (desiguated .

&I for Systeme [nt=rnational d'Unitss), fixed by the Internatonal’ Committes for Welghts and Measures; this system is

**;als0 known as the Glorgl or MESA {meter-ldlogram {mass)-second-ampere) system. This system has been adopted by the
“Intermational Organization for Standardization in ISO Recommendation R-31. S g :

- The metric technical unit of force 15 the ldlogram-force; this is the force which, when applled to-a bedy having a '

mass of 1 kg, gives It an anceleration of 880865 m/sec/sec, the standard acceleration of free fall toward the earth's

center for sea level at 45 deg latitude. The metric unit of force.in SI units 1s the newton (M), which is defined as

. that force which, when applied to & body having-a.mass of 1 kg,-qlves it an acceleration of 1 m/sec/sec. These units
must be distingnished from the {inconstant) local welght of & body having a mass of 1 kg; that 1s, the weight ofa

body is that force with which a body 1s attracted to the earth and is equal to the mass of a body multiplied by the

geceleration due ﬂgravity. -However, because 1t 1s general practice to use "pound® rather than the technleally - .

correct term ~force, the term "kil " {or derlved mass unit) has been used in this quide instead of "kKllogram-

foree” in ixpé-zessigg the comversion factors for forces. The newton unit of foree will find incre. guse, and 1s - :

essentiel in ST units., | . ; A .

Tahle I
__QUANTITIES AND UNITS OF SPACE
i.:muniv . ' "By~ )
_  LENGTH

0.3048 (exactly)*.
- 0.0003048 {exactiy)* .-
-7 08144 (exactly) . ..,
1,609,344 (exnctlyj*., .- :
1.609344 (exnctly) , . . . . Ellometers

AREA - : P
Souare centimeters -
- Senare centimeters
‘Sligre. mitang -
Squase merers
} cade e . -Hectares
: 4,04B.9% . . . ‘ .+ .. Stuare meters
e ege el 0. 0040469* ., -, . . « . Square killometers = .
Sguare miieg .~ _ 2, 588899, . . .+ - Square kllometers

* ‘Cublic dnches ... . . .- e 18.38TL. L. . . . ' Cublc centimeters
Cubde feet, .o .. : - -7 0.0283168. ., . . Cuble meters "~ -
. Cubie yards 0, TR4665 . : . .

. Fluid cunces (U.3.} . . ; e e e « ... Cubic centimeters.
e a e e e e e MiMHIfters '
- Liquid pints {U,8,} ... ... o P s e« :.Cuble decimeters
N SE T e e . S0 4. vl e o Liters o
coQuarts (LS) .. .. © I 948.308% , ., .. ... ...0. ¢ Cuble centimeters
v S e e e Coo- Q.848831%, L, L o UL .. Liters .
¢ Gallens (USS). .. . 1., 0 0 3,7BE.43% : ..+ Cuble centimeters -
P W T8, 78543 cin Cuble decimeters
s Cele o .28, 78533 ) v Liters . - -
. N e iecale et e i T e . . Cublc meters.
‘Gallons (LKLY L0 . .0 o 0 4 e « »_s ... Cubledecimeters

T . . -Liters . :
- Cuble feet,” ‘Iiters -

S Guble yards! 110 111D gegEge (U011l HiEm S
chere-feet. ... L L L AR S grttgcmeters'-

s
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A flip bucket vas devaloped fram model stuﬂies to minimize river channel .

“érosioci,Yand provide satisfactory disparsion of flows for the new,
| nlarged-capacity outlet works at El Vado Dam., The outlet works will
“utilize .a plunge pool in.theé, river channel created by past spilluay
“flows: - Normsl- d:lachargea will range from 2,000 to L,000 efs, {56.634 to
+113.268 cms), vith an overall range of 0 to approximately 6,700 cfa oy
L (189.72) ‘eme).
6775 and. 6902.. The . inltial bucket design proved unsatisfactory and re~
sulted 1n eonsiderable eroaion in the river chenrel. The recommeided
”bucket waa ‘constructad with' 2 verticel, slightly converging sidewalis
‘apd2 Bloping plane surracea.} An offset opening was provided in thet
-right wall for dlseharging small, low-veloeity flaws. Hiver ctidnnel
er05iou taused by outlet works, operation wvill be moderate,
\jcﬂmbiued splllvay end ocutlet flowe will be significeni " _“but_combined
joperatlon uill L= neceaaary only under exhreme flood conditions. COpera-

‘A rlip bucket Vas . develcped froﬁ‘mcdel atudies to minimize river channel -

“erosion and provide batiaractory dispersion ol flovs for the new,

'enlarged-aapacity outlet works at .El Vado Dam, The outlet. vorks will
j:uxlllte 8 plunge pool*in thériver channel ereated hy past spillvay

flows.
113,266 cms) with an overall range of.0 to. approximately 6,700.cfs
~(189 T2h ems). - Reservoir vater surfaces will range between elevation:
6?15 and 6902. The inltlal: bireket design proved unsatisfactory and re-
tulted in conClderable 'srosion: in"the river chanoel. . The recommended

: bvucket waa constructed with 2: vertical, a;ightly converging sldewalls
“and 2 Bloping 1'--e sutfaces. xAn offset”ops..ing was provided in the
right well for'h. ;harging small {lou-velocity flovs. River channel
erosion caused by outlet works operstion ¥ill be moderate.: iirosjon from
“combined spillway and:gutlet flows will be slgnlfic@ﬁ ;"but combined
operation will be neceaaary on;y Ainder extretie rlood*conditions._ Jperap
tion of ‘the spillwsy alone 1a“nat anticipét A : BRI :

Reservoir watnr surfeces will range between' ‘elevatidn i

Erosion from

Hormal discharses vill range frnm 2,000 to.a,DOO efa, {56,634 to-

s
-~

" operation will be necessary only under extreme flood conditions.
tion of the spillvay alone 15 not anticipated.

* erosion caused by outlet works operntion will be moderate.

ABSTRACT >

A flip bucket was developed from model studies to minimize river channel
eronion and provide sstisfactory dispersion of flows for the new,
enlarged-cApaeity outlet works at El1 ¥edo Dam. The outlet works will
utilize a plunge pool in the river channel created by past apllivay
flows. Normal discherges will range from 2,000 to L,000 efs, (56.63h to
113.268 ems) with an overall range of 0 to approxinately 6,700 cfs
{189,724 cms). Reservoir water surfaceg will rapge between elevation .
ST75 and 6902. The inltial bucket design proved ussatisfactory and re-
sulted 1n considerable erosion in the river channel. The recoxmended
bucket wes constructed with 2 Vertical. slightly converging sldewalls
and 2 sloping plene surfaces. An offset opening was provided in the
right wsll for discharging small, low-velocity flowa. FRiver channel
erosion caused by outlet works operaticn vill be moderate, Erosion from
combined splllway and outlet flows will be significant, bt combined
Opera-

ABSTRACT

O

A rlip bucket was developed from model studies to minimime river channel

" enlarged-capaclity outlet warks at El Vado Dam. The outlet works will

utilize 8 plunge pool in the river chennel created by past aplllway .
‘flows. Normal discharges will range from 2,000 to L,0007ers, (56.634 to
113 268 cms) with an overall range of 0 to approximately 6,700 efs
{189.72 cms}. Heservoir water surfaces will range between elevation
“BTT5 and €902. The initial bitcket dealgn proved unsatipfactory and re-
salted 1n considerable erosion in the river channel. The recommended
tucket was constructed with 2 vertical, slightly converging gldewalls.

and 2 sloping plane -surfaces. An offset opening was provided in the
right wall for discharging small, low-velocity flows. River channel .
Erosion from™
combiped spillway and outlet flows will be aignificant, but combined

" operation will be necelsary only under extreme flood conditions. Opera-
tion of the npillvay alone la not anticipated. .
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