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‘maintain ac,ceptable control of the: flow. Decreasi._ﬂ ‘}:e‘ siope to G 37 ,

- spillway siopes of 0.20:t00.33. Use of the- paraboliuhucket developed :
during the model studies, at spillway slopes of- 0 33 and‘u. 317, greatly ).m-hf‘
.proves these condxtxons (Fxgures 5. and 8). :

: ‘(Fxgure 6C) produce; good directional control on the discharging water: anda
reduce the 'scour urthe river channel :
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Subgect Hydraulic model s'rud1es of the spxllway and outlet works of
: Anchor Dam-—OwJ Creek Umt--Mxesoum Rwer Basin Pro;ect
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» To determme the hydrauac performance cof the uncontrolled
spillway and the outie et works and: to, recommend ;my des1gn*changes
needed to insure good operatlon. W :

CONC LUSIONS :

1. An errat*c “slow moving, upward current will emst in:the reser-
voir upstream from the. right training wall and will.cause reservoir turbu-
lence which will roughen»the flow. on the right side of the spillway. This
disturbance will be small at iow/flows:and‘appreciable, though not sermus,
at the max1mum d1scharge’(F1gures 4A. and&C) .

SRR R T T

2. The best’ Iocanon for the spillway along the axis of the dam is the
location selected for the prehmmary design. (Flgure .*.1 )

3. The S-percent vacuum crest (5-percent of the 'maxxmum head of
10. 5 feet) with a 6. 87-foot corbel (crest overhang upstream) of the pre- ‘
lumnary spillway design: will operate sansfactorilv (Figure 5). »
4, The 0.20 slope of‘the. preliminary Spillway de sign is-too. ste
gwes apprecxa.ble 1mprovement (Fm ::es and 6)

5. Splastu ng: and vxbranon occurs with a 20- foot: radms bucket and

w

6.~ The: alterna.te 40 inch wide dram slots and norme.l bucket shape

Piers. that extend 5 feet mto the reservou' are- required at the
rlght and ieft ends of the spillway.-entrance to:produce acceptable ﬁow ‘
conditions along the:training walls/(Figures 7F-and §). L
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gLk Convergmg spillwayatraming w:a.ils which arrow the spillway X

"""’"’from an: original bucket lip width of B0.5 feet to 70 feet are desirabie to
eﬁect good flow *cond1tions and; construction economy (Figure 8D),

9. The =recommended spillway desig’n ‘with the 5-foot extension piers,
5-percent vacuum: crest 100 feet long, 0,37 slope, parsholic bucket with
drain slots.anda" wxdth at the 11p o£ 70 feet, operates satisfactorlly at a.ll,
v ) applicable heads. - ¢ r“'

10, The scour for the: recommended design is centeref‘ in ‘the river

. bed 165 feet downstream from the dam and.extends:to within 20 feet of the
downstream face, No damage will be mcurred by the berm at the toe of

the dam or by the dam itself. . e

oy

11. The dxsoharge curve. obtamed during the model studxes of"the ‘
spillway is presented in Figure 14. The spillway dlscharges the devugned
flow of 13,500 cfs at the design«ed max1mum head of 10 5 feet Wy

12, The preliminary design of the outlet works operates sat:.sfactorlly

at all flows (Figure 13), , ; o . .; ‘
13. An alignment chart showing the d1scha.rge for one of the two 30-»_
i inch hollow- Jet valves of the outlet works is presented in Figure 15. ‘

RECOMMEN DATIONS

iy

1. Use the recommended. spxllway des1pn on the prototype structure.
This design includes the 5-foot extension piers, the 5-percent vacuum
crest with a 6. 67-foot corbel, a'maximum spillway. slope of 0. 37, a para-’
i bolic bucket with wide drain slots atithe exit, and'training walls which '
7\ converge to make the bucket 70 feet wide-at: the lip (Figures 5B and. 8D)

A =
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2. Use the spxllway location shown in the preliminary des1gn {Figure

2).

3. Use the outlet works shown in the‘"preliminaify;design ‘(Fvigures
2 and 13), S >

4. 1Install during constructlon of the dam any equipment necessary
for field tests to study the vibration, if any should occur, due to spillway
operation. The desxgn of this dam departs from conventional American
practices and performance data will be valuable.
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- trolled overflow spillway near the center of the darn is'provided to pass

"American practices. Therefore, hydraulic model studies were requested
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INTRODUC TION

Anchor Dam is a thm ‘arch concrete structume proposed for: con-
struction across the narrow canyon on the South Fork of Owl Creek, 34"
miles west of Thermopolis, Wyoming (Figure 1). A 10C-foot long uncon-

flood waters at a maximum rate of 13,500 cfs (Figure 2). .-An 1mportant j
consideration in the design-of this; spxllway was tc:make it ithin in cross KR £
section to fit the thin concrete dam, . To! accomphsh this, the spillway S .
crest was designed to operate at 5-percent vacuum at:;the maximum head =~ ’ 5
of 10.5 feet. Water flows overithis crest and then passes. 91 feet down the .
steep spillway face to the trajectory biicket'below. :The bucket is situated .
50 feet above the riverbed, and the water that leaves the bucket is pro- S
jected about 140 feet downstream before falling to:the river surfiice, An -
outlet works consisting of two 30-inch manually operated hollow-jet valves
located at elevation 6345, 0 about 17 feet to the left of the spillway bucket S .
is provided to'release water for irrigation and other use downstream N
(Figures 2 and 13). An additional 8-inch line is provxded to relzase small
discharges during the winter months and to fill or“drain the two 30-inch
outlet conduits. The trashrack structure and emergency slide gates are
placed on the upstream face of the dam at the entrance to the 30-inch steel
conduits. - S

The design of the splllway with the vacuum crest the ‘stEep slope,
the trajectory buckef situated 50 :feet above the riverbed, and the outlet
works 45 feet aboveithe riverbed, represents a departure from conventional

by the designing -engineers. These tests were made to determine if the
general design was practical, and, in the event that it was, to determine
any detail changes necessary to insure proper operation.

- INVESTIGATION
The Model o

A 1:30 scale model was built-with -sufficient w1dth to include 460A
feet of the 500-foot wide dam, and long enough io include 210 feet of the
reservoir above and- 660 feet of the rwerbed below ‘the dam- (Flgure 3).

wide, and 8 5 feet high at the reservoir end. The arch of the dam was
built of wood and was covered with sheet metal to waterproof the struc-
ture. Metal lath was attached to this covering and cement mortar apphed
to produce the finished surfaces of the dam. The spillway was formed in-
smooth-finished mortar screeded, to ‘metal templates, and the spillway -
was made about twice the width. of the expected final structure. This extra
width permitted shifting the' normal width  spillway to determine the opti-
mum location on the dam. /Movable training walls and temporary bulk- - °
heads were used to block the. extra width of the spillway(Figure 4). For -
the final test the model was revised so that only the dosn'ed spillway width
was formed on the dam (Figure1l). Piezometers were placed in the
spillway face and in the bucket so pressure measurements could be made
on these surfaces. Two 1-inch pipes with model hollow-jet valves at the
downstream ends were placed through the dam to represent the 30-inch
outlets of the prototype structure (Figure 6C). The surface topography



of the canyon in the reservoir above the dam and:thie bedrock topography
of the river channel below the dam were formed in rough mortar. The
model overburden material, which consisted of a mixture of sand and as-
sorted gravels, was placed over the bedrock topography in'the river
channel to form the natural surface contours. Water was supplied tc the
model by thé laboratory system through a regulating gate and a 12-inch-
diameter pipe, and the rate of flow was measured with calibrated venturi
meters. The depth of the water in the river channel was regulated by a
tailgate at the end of the channel, A sand trap was provided downstream
from the tailgate to retain the sand and gravel washed out of the riverbed.
Point gages were used to measure the water-surface elevations in the
reservoir and in the river channel. o

Reservoir Approach Conditions

At the outset of the test program, turbulence was found in the
reservoir immediately upstream from the right spillway training wall.
Examination of the flow in the reservoir by means of dyes revealed that an
erratic, slow moving, upward current was present and that part of the
water from this current passed over the spillway to produce a rough water
surface on the right third of the spillway (Figure 4A). Question immedi-
ately arose as to whether this turbulent reservoir condition was-peculiar -
only to the model or if the condition would also cccur in the prototype res-
ervoir. The equivalent elevation of the floor that formed the reservoir
bottom in the original model was 6390. 0 (Figure 3). This provided a
minimum equivalent depth of approach of 51 feet or about 5 times the
maximum head on. the crest. This depth appeared ample, but to make
certain and to remove all doubt about the accuracy of the model results
the floor of the reservoir was lowered to the equivalent elevation of 6315.0
{Figure 3). This provided a minimum equivalent depth of approach of 126
feet, or 12 times the maximum head on theicrest. The revised model was
operated first without the {opography in the reservoir so the effect of the -
topography could be determined. Smooth flow was found to occur in.the
reservoir and over the spillway crest'for this condition (Figure 4B). How-
ever, when the topography was built into the model again, the upward cur-
rent in the reservoir and the turbulent flow on the spillway reappeared
(Figure 4C). It was therefore concluded:that the nature of the topography
in the reservoir upstream from the dam, together with the placement of -
the axis of the dam within this topography, resulted in the upward current
in the reservoir, and that this turbulence:should occur-in the prototype
reservoir. The disturbance is small at low spillway discharges, but be-
comes appreciable, although'not serious, atthe maximum discharge. -

Location of the Spillway on the Dam

An attempt was made to avoid the turbulent reservoir region by
moving the spillway 50 feet to the left of its initial location. However, the
reservoir turbulence shifted with the spillway, and rough flow continued to
occur on the spillway. The spillway was then moved 34 feet further to‘the
left but this was also unsuccessful. In the latter case, the turbulent area
on the right side of the spillway was reduced, but rough flow appeared on
the left side. In addition, the water leaving the spillway bucket struck:the
river channel at such an angle that excessive pounding and scour occurred
on the riverbanks. Analysis of these factors revealed that the best over-
all performance was obtained with the spillway in-the initial location, and
accordingly, the spillway was placed in that location.




Des@ of the Spillway and’ TraJectory Bucket

: The crest. Spec1a1 consideration was. glven during the desxgn of
the spillway to make it thin in cross section to fit the thin arch of the dam.
To partly accomplish this, a'partial vacuum fspxllway crest (5 percent. of -
the maximum head) was designed for operanon for a maximum head of _ .
10.5 feet. Model studies showed that in the regions where the reservoir.  * ik
disturbances were not present water flowed smoothly over this part of ‘the ;,
crest and, at low discharges, continued downithe steep face and through o |\
the bucket in an even sheet. ‘However, at moderate or high discharges," /-
the flow on the steep spillway took place with an erratic, wavy surface N
which produced noticeable vibration and heavy splashing in the bucket. To
determine if the flow irregularities resulted from the forces exerted by the
pressures of the partial vacuum crest amnew crest was designed to operate L &
at a minimum pressure of zero gage. This crest terminated in a maximum = }N§#
slope of 0. 30 which was considerably flatter than the prehmmary slope of P

0.20. Water flowed over the new crest in much the same manner .as over |
the original one, although there was somewhat smoother flow on:the lower ..
portion of the 0, 30 slope. Visual observation of the water flow over the - {
crest and spillway face established that the improved flow resulted from R
the decreased slope of the spillway and not from the new shape of the crest.
Because no adverse flow was incurred and because the partial vacuum crest
was better adapted to the dam, it was decided to use this crest for the pro-
totype siructure and in all subsequent model tests.

To complete the fitting of the spillway to the dam, a corbel was
used with the spring point 6. 67 feet upstream from the axis of the dam
(Figure 5A). During the model tests, question arose as to whether the
corbel was partly responsible for the erratic water surface over the crest.
A 36-inch-hiigh sheet-metal wall (equivalent to 90 feet) was therefor placed -
on the face of the corbel to form a spillway crest without a corbel:(Figure
54). No change was noted in.the flow pattern over the crest, and it was
concluded that the corbel of the preliminary crest demgn did not cause ‘the
uneven water surface over the spillway. :

ey The smaximum slope. In the preliminary design the steep portion

S of the spiilway face had a slope of 0. 20 and was coincident with the down-
R stream face of the dam (Figure 5A). The model tests showed that the 0. 20
S slope was too steep for stable flow because the water passing down the

Joo spillway fell almost freely and little control was exerted by the spillway.

R (Figure 6A). An uneven, erratic sheet of water developed whose depth

P o ranged from the equivalent of a few inches to 7.5 feet within a lateral dis-
N tance of only 8 feet. To obtain positive control of the flow and hence more
N uniform water depth on the lower portion of the spillway, the-slope was

f \_" : reduced from 0. 20 (1 horizontal unit to 5 vertical units) to 0. 27, 0. 33, and
i g finally to 0. 37 (1. 85 horizontal units to 5 vertical units) (Figure 5B). The
Co latter slope exerted sufficient control to reduce the variations in the water
A depths normal to the spillway to 3 feet (Figure 6B) and at the same time
AR ce did not require an excessive amount of additional construction. Further
e reductions in the slope were not feasible because of additional construction .
‘ expense and because the flow conditions obtained with the 0. 37 slope as-

A sured good spillway performance.

The bucket. The trajectory-type spillway bucket in the preliminary
' design used a 20-1oot radius which was tangent to the maximum slope of the

- spillway and which continued downstream beyond the bucket invert to termmaie ,
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in an upward slope of 4:1 (Figure 5A). ' Model tests showed that the abrupt
turn at the entrance of the radial bucizet, .combined with the somewhat un-
even sheet of water which ertered the bucket produced excessive splashing
and vibration. It was:apparent that a much long‘er radius was required at
the bucket entrance to turn the water smoothly. To accomplish this without
building any unduly large structure a parabolic shape was selected with the ..
parabola tangent to the maximum slope of the spillway and'the origin at the
bucket invert. The parabola:was continued beyond the invert to terminate

on a 4:1 upslope (Figure 5B). This design turned the water smoothly.and
continuously through the bucket with almost no tendency for splashing and
vibration, and the jet leavmg the bucket was uniform and well dlrected (F1g—
ure 6B). u : PR
Since the bucket continues beyond the mvert to the pomt where a
4:1 upward slope is obtained, a large pool of water would remain in the
bucket if provisions were not made to remove it. Several wide drain slots’
were proposed which extended from just upstream of the invert to the down-
stream edge of the bucket on a downward slope of 12:0,25, A prehmmary
study of the slot effect on the performance of the bucket suggested that im~
proved flow would result if 40-inch-wide slots were alternated with equal
widths of the normal bucket profile across the full'width of the bucket exit
(Figure 6C). Model studies showed that this dentated lip provided good
directional control on the discharging water and, in addition, doubled the:
length of the jet impact area on the rwerbed thereby reducing the scour m
the channel. : ,

Spillway entrance piers and training walls., Part of the water flow-. .
" ing over the dam approaches the spillway irom the sides-and must therefore.
turn at the entrance piers before passing down the spillway. The prelimi-
nary pier design (Figure 7A) turned the water so abruptly that a severe
contraction took place and the wauter swept away from the training walls,

The flow subsequently passed over the crest and down the spiliway face
where the slope increased so fast that the water could not spread back to 4
the training walls. The flow therefor entered the bucket:with a space equiv-
alent to 8 feet between the walls and the main portion of the flow. Inside the
bucket, the large turning force exerted on.the water made it spread rapidly
toward the walls, where it impinged and formed large fins with much spray
and vibration (Figure 4C). Attempts were made to improve the flow around
the piers by making them wider with more gradual rates of turning (Fig-
ures 7B, 7C, and 8A)., Attempts were also made to keep the spillway walls
in contact with the water by converging them and by curving them toward
the center of the spillway to conform to the contraction of:the flow (Figures
8B and C). However, only moderate flow improvements were obtamed by
these means.

An examination of the flow around the above piers showed that the
water had no opportunity to recover from the turn before the rapid accelera-
tion down the spillway tock place (Figure 8A). If the piers were extended
upstream into the reservoir, the water should be able to turn at the pier and
make its recovery before the acceleration occurred, Accordingly, a series
of round-neosed piers, which extended into the reservoir 3, 4, 5, 6, 7, and
10 feet, were placed one at a time at the right side of the spillway entrance
(Figure 7D). Considerable draw-down occurred at the nose of the pier as
the water flowed around the 1, 75-foot radius, but a rapid recovery followed
and the water passed over the spillway in contact with the full length of the




training wall. The extent of the recovery made by the water was related
to the distance the pier extended into the reservoir. The 3-foot extension

barely permitted the recovery, ‘while the 7- and 10-foot extensions.caused
the water to climb the walls. Between these extremes the 5-foot; ex;ension
permitted good recovery with only a slight tendency for the water to climb
the walls., With 5-foot extension piers installed on koth sides of the%spill-

way entrance the water remained in contact with the training walls:the full

length of the sp1llway and smooth flow existed in the bucket. The 3.5-foot
width of the pier noses was'later increased to 5 feet for structural reasons
with no effect upon the flow‘conditions.

The tests in which the convex'gmg and curved walls were used’
(Figures 8B and C) suggested that the width of the bucket could be con-
siderably decreased with no detrimental effect on the flow. A compromise,
between the tendency of the water to climb 'the walls and the construction -
savings obtained by narrowing the bucket led to the designiwhere straxght
converging walls extended to a point 40, § feet downstream fromithe axis -
of the dam (Figure 8D). From this point to the exit of the bucket, ‘the
walls curved on a70-foot radius’to become parallel: at the bucket lip with
a total bucket width of 70 feet, or 10,5 feet less than the. prehmlnary -de- *
sign. By combining these converging walls with the 5-foot.extension piers,
acceptable flow was obtained at the piers and all:along the.training walls. -
The flow around the right pier at discharges of 5, 000,:10, 000, and 13, 500
cfs is shown in Figures 84, B, and C, respectwely The depth of water
normal to the spillway on the’left and. r1ght training walls and'at the center
of the spillway is shown in Figures 10A, B, and C respectwely, for the
discharges of 5, 000, 10, 000, and 13,500 cfs. ‘

Scour in the vaer Channel

The spillway and outlet works were purposely located hlgh above :
the river to make their operation independent of the scour or the rock
slides which may occur in the river channel. However, the scour was im-"

portant because an earth berm with a top elevation of 6309. 0 will be main- g

tained at the downstream face of the dam and because.bf the possibility of -
the river channel being dammed by:slides of the deep overburden on the
right bank (Figure 2). The talus material of the prototype overburden was
represented in the model by a mixture of sand and assorted gravels which was , .
placed to the proper topographical contours on the bedrock of the:model
canyon walls to an equivalent elevation of 6365. 0 (Figure 12A). Flows
representing 2,500, 5,000, 10, C00 and the maximum of 13, 500 cfs were
discharged successwely into the river channel for periods.of 30 mmutes
each. After each run, the cortours of the scoured channel were‘laid out
at appropriate intervals by means of white cotton‘cord and a photographic »
record made. The overburden was then:replaced to the original contours
and the next test' begun.  The operation of the spillway and the flow* condi-
tions in the river channel for equwalent flows. of 5,000 and 13, 500 cfs are

vvvvv

near the dam was quiet and showed no tendency to remove matemal from
the berm at any spillway discharge.” Land slides occurred along the right
riverbank when the deep overburden became saturated at:the higher dis-

charges, The slides caused a temporary rise in the tail water due to the
partial damming of the channel. Immediately after the slide occurred the
flowing water began to move the material downstream, and the tail-water



. receded The maximum elevatxon reached by the tail water was 63.40 0
- The.model studies confirmed: the designer's belief that the safety and-ef-
‘ficiency' of the structure would not be affected by the scour in the. river-
. bed. No damage is expected to result further down the river because
" there: are.no property r1ghts for several miles.

RECOMMENDED DESIGN

§p1llway and Tra;ectorz Bucket

The spillway desxgn recommendcd for the prototype structure 15
as follows: The.spillway is s1tuatedun the .or! i{ginal location and uses the -
6.67 crest corbel, and the 5- percent vacuum crest which terminates in a
0. 37:slope (Figure 5B). . The parabolic bucket is tangent to this slope and
the bucket exit is- formed by.. alternate drain slots and normai profile,
Five-foot-wide piers which extend 5 feet into the reservoir are used to-
gether with the converging trammo' walls whxch form a bucket 70 feet wide
(Flgures 7F and 8D). S 4

Flow occurs without splashmg or vibration and with a stable, though
somewhat wavy, surface (Figures 11A and B). The:water dlschargmg from
the bucket travels about 140 feet downstream before’ falling to the river‘sur- .
face. In the prototype structure considerable spray will'accompanyithe.flow -
on the spillway and through the bucket because of the high-velocity flow and
wind action in the canyon. No damage is anticipated from this spray, how-

ever, because there are no power lines or:other eas11y damaged structures

in the vicinity. : v G

Outlet Works

The outlet works consisting of two. manually operated 30-inch: hol-
low-jet valves with the attendant trashracks, emergency gates, and piping
provided in the prehmmary design is;recommended for the prototype struc-
ture (Figure 13)." The valves are located-at elevation 6345.0, .17 feet to the
left of the spillway bucket and the water released by the valvesifalls 45 feet:
to the river channel below. The model tests of the flow conditions in the
channel where the flow strikes the river showed that the position of the
valves or the dam and the direction in which they discharged was satisfac-
tory. Flows equivalent to 154, 210, and 253 cfs at reservoir elevations
of §380.0, 6410.0 and 6440, 0 were released by the 100-percent open valves.

DISCHARGE CAPACITY CURVES--SPILLWAY
AND OUTLET WORKS

A curve showmg the relation of the spillway discharge to the head
on the uncontrolled crest was obtained during the model tests (Figure 14).
At the maximum design head of 10. 5 feet (reservoir elevation 6451. 5) the
spillway discharge was 13, 500 cfs, the maximum desxgn rate. The relation
of the discharge coefficient to the head on the crest is also presented in
this figure,

The rate of discharge for one of the two 30-inch hollow-jet outlet
works valves is presented as an alignment chart of total head one diamuber
upstream from the valve inlet versus valve opening (Figure 15). The

8" .
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Figure 4
Report Hyd- 289

e W 3 DpR

A. Equivalent elevation of the floor upstream
from dam--6390. 00. With topography in
reservoir.

Equivalent floor elevation--6315. 00
topography in reservoir.,

.

C. Equivalent floor elevation--6315. 00. With
topography in reservoir.,
ANCHOR DAM
Effect of Turbulent Region in Reservoir on the

Spillway Flow 13, 500 cfs.
1:30 Scale Model
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Figure 6
Report Hyd-289

A. Spillway FFace Slope
radius bucket

R, -

BB. Spillway Face Slope = 0.37. Parabolic
bucket with the drain slots shown below.

Draiwn slots alternate with equal widths of
normal bucket profile to form dentated
Lp,  Outlet works is a! side of bucker,

ANCHOR DAM

Effect of the Spiliwav Slope and the Bucket
Shape on the Flow Over the Spiliway and
the Buc~et 12, 500 of

<
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A.PRELIMINARY ‘ELLIPTICAL DESIGN
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‘C. CURVED TRAINING WALLS

OF A I145° RADIUS WITH A 78' WIDE BUCKET

ANCHOR DAM

D. STRAIGHT TRAINING WALLS -

TERMINATING :WITH 70’ RADIUS .GURVES - B &
TO FORM 70' WIDE :BUCKET IR
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B. 13,500 cfs.

ANCHOR DAM

Flow on the Svillway and in the River
Channel- -Recommended Design
1:30 Scale Model
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Figure 12
Report Hyd-289

A. Sand and gravel overburden placed
on bedrock to elevation 6365. 00.

B. Scour after 30 minutes' operation C. Scour after 30 minutes' operation
at 5, 000 cfs. at 13,500 cfs.

ANCHOR DAM

Scour in the River Channel
1:30 Scale Model
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Example: With o total head of 100 fast
acting on the volive, ond with the
valve 40% open, the discharge will
be_ 133 cfs. i

The coafficient of discharge
lve whan 40% open'is 0.318
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