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CHAPTER I - INTRODUCTION AND SUMMARY

Introduction

l. Location and description. The Bull Lake Dam will
be located on Bull Lake Creek, a %rfsutary of the Wind River,
about 40 miles northwest of Riverton, Wyoming (fig. 1). The dam
proper consists of an earth-fill strusture approximately 1,400
feet in length and 75 feet in height at the deepest part of the
creek. In addition, it will be necessary to construct approxi-
mately 2,000 feet of earth-fill dike (fig. 2).

The outlet works will consist of an intake and trash-
rack structure connected to two 4-foot radius concrete horseshoe
tunnels (fige 3). Each tunnel will diverge into two rectangular
control gate sections, having both a control gate and an amer-
gency gate (fige 4). An air vent located at the downstream emnd
of the plers will supply air to the horseshos tunnels to prevent
the formation of a vacuum which would cause the tunnels to flow
full intermittently. The section immudiately downstream from the
gates will converge into two 4-foot radius concrete horseshos tun-
nels which will e¢xtend to the stilling pool. In the final dusign,
the stilling pool (fige 5) will have a hydraulic hump at the down-
stream end of the tunnels, a denta.ted step at the lowor end of the
slops, and a Rehbock sill 35 fest 43 inches downstruam from the
dontatced stepe The stream bed will be riprapped on a slope of 6:1
from slevation 5723.25, at the downstrcam base of the sill, to
e¢luvation 5735.00. Riprap three fest thick will uxtond from the
strveam bed, on a 2:1 slops, to clevation 6735.00 on the left side
of the stilling pool, and to elevation 5750.00 on the right side.
The outlet works will have a capacity of 4,000 sucond-faoute

A concrute, open-channel spillway (fige 6) will be pro-
vided for bypassing floodse It will have a designed capacity of
10,000 second-f:st with an accompanying total drop of 61 fuet from
“the reservoir level to the tailwatoer levele It will have a con-
stant width of 100 fuet and the¢ flow will bz controllud at the in-
take by thres radial gates, gach 29 fest wide and 11 feet high.

2. Porsonncl. The hydraulic model expuriments for the
design of the Bull Lake Dam outlot works and spillway, as de-
scribed in the report, wers made in the Unitud Statss Burcau of
Reclamation Hydraulic Laboratory at Donver, Colorado, and in the
Colorado St:ato Collego Hydraulic Leborctery at Fort.C-lling, Colo-
redo, under the dircction of Jccob E. Wernock, Ruscorch Engincer.

Tho modul of the outlet works was bugun under the éuper-
vision of J. B. Drisko, hissistant Enginver, and complcted under
the supervision of De P. Barnus, Associatu Engincur, F. L. Panuzio,

1
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Assistant Engineer, was in immediate charge of the testing which
was conducted by R. K. Vierck, Junior Engineer. Construction
and revisions of the model were directed by H. M. Martin, Assis-
tant Engineer. The section of the report dealing with these
studies was prepared by Don C. Weed, Junior Engineer.

The spillway model was initiated under the supervision
of Whitney M. Borland, Associate Engineer, and completed under the
supervision of Jemes W. Ball, Assistant Engineer. J. M. Buswell,
Assistant Engineer, dvsigned the model, supervised the construction
end testing, and prepared thu pertinent section of the report. The
tusts were conducted by D. M. Lancaster, Junior Engineer, with the
essistance of Ge R. Filler, Laboratory Aide.

Thuse studies were made under the general supervision of
Jo Le Savago, Chief Dusigning Enginver, and Arthur Ruettgers,
Senior Engincur. All unginecring work of the Burcau of Reclama-
tion is under the direction of R. F. Walter, Chief Enginser, and

all activities of the Bureau are under the direction of J. C. Page,
Caormissioncre.

3. Sc?e of tusts. The model of the outlet works was
studiud to provide a calibration curve for the gate; to observe
and to ¢liminate any unsatisfactory flow conditions butween the
gatus and the horseshou tunncls; to dotermine a satisfactory stil-
ling pool design with consideration for the desirability of a hy=-
draulic hump and sill; and to determine the extent of the riprap
required downstream from the stilling pool faor the protection of
the structure.

. The spillway wes likewise studicd to obtain o calibra-
tion curve for the gatss; to vliminate any unsetisfectory flow con-
ditions through the gatus and down the chute; to devalop a satis-
factory stilling pool; and to deturminu the uxtent of riprap re-
quired dovmstream from the stilling pool.

Summary

4, Rusults and conclusion. Tusts on the outlut works
yiclded date for tho preparation of a calibration curve. An ad-
verse flow condition downstream from the gete scetion was ¢limi-
natud by specifying a gate oporating programe. Tho latter proce-
dure proved to bu moro wconomicel then increesing the length of
the transition. The hydraulic hump used in thu final design in
conjunction with the dentatad step cnd Rchbock sill produced satis-
fectory stilling-pool conditions for all combinations of flowe The
riprap proposed in the final design provided ample protection to
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the stilling-pool structure, with very little erosion at maximum
discharge.

The approach transition, gate section, and chute of the
spillway model had ample capacity for a discharge of 12,000
second-feet, 2,000 second=feet above the design maximum. Even
higher discharges may be handled unless interference with the flow
by the gate counterbalances is objectionables The negative pres-
sures on the crast for small gate oponings (reservoir elevation
5805,0) wure not considevred serious bscause of their small magnitude
‘and because of the remote probability t hat the gates may be operated
under thesu conditions for moro than a short psriode The transverse
waves in the chute will not affect the action of the stilling pool
adversely or incrvase the erosion of the stream bud. The discharge
curves included in this report will be helpful for deturmining
the flow in the stream below the dam in time of flood. The stilling
pool was shortened 18 feet and its floor raised 2 feet with an ade-
quate hydraulic jump still forming on th¢ apron. A symmetrical
sill with large und tusth was found to bu moruv satisfactory than
an unsymmotrical sill with teuth and spaces of equal width through-
out. A dentated step placed whore the chute enters the pool was
found to be vory ceffuctive in keoping the jump in the pool at ab-
normally low tailwatur elevations and to have practically no e¢ffect
in preventing vrosion downstream from ths sill. Riprap placed
ovur an arga oxtunding 50 feet downstroam from the pool served as
a control suction and prevented tho jump from swueping out at even
the lowest tailwatorse.

CHAPTER II - MODEL TESTS OF OUTLET WORKS
Outlet Works Model

5. Model of outlut works. The model (fige 7) was built
on a scale of 1:30 in the Denver Hydraulic Laboratory. Tho water
was supplisvd to the hsad tank by pump through a circulating sys-
tem. A six-inoh gete valws cantrolled thu flow of watur from tho
haad tank to tho model. Tho mutal diverging transition split the
discharge from the six-inoh valve uqually botween the two metal
horseshoo tunnels. Plezamutors installed in the sides and bottam
of the upstream horsvushos tunnuls were oconnectud to a manometer
board to measurs the head on the gates.s Tho transition to the gates
(figs. 7 & 8) was formed with plastur of paris botwoen equally
spaced templatus cut to conform to the inside of the tunnels. The
upstrsam rgotangular tunnols wore formed to reprosent the proto-
type svction containing the omergoncy gatus. Thosu will bu roferrod
to es gatus 1, 3, 6, and 7 numbered from loft to right looking
downstruam. As thusu gatus are not tobe oporated often, only tho

9
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gate sills were constructed (fige 7). Piezomsters were provided
to measure the head in the rectangular tunnels immediately up-
stream from the gates. The operating gates, which will be re-
ferred to as gatus 2, 4, 6, and 8 numbured from left to right
looking downstruvam, were constructcd of brass to simulate the
5-foot by 5-foot slide gatus of thu prototype (fig. 8).

The transition from the gatus was constructud in two
parts (fig. 8)s Tho upstrvam portion consisted of four metal
tunncls with g-inch radius leathor fillets; the downstream por-
tion was formed in a split mold with plastur of paris poured
around two woodun cores. The mold was contained in a shect-metal
box to which wurs boltud the adjoining parts. Two mutal horsc-
sho: tunnols (fige 7) wsere canstructed with rumovable tops to
permit obsurvation of thu flowe Thusu: uxtendod from the transi-
tion to the stilling pool bax.

The stilling pool box was 5 fuot wido by 12 feet, 83
inchus long and 1 foot, 9% inchus deop, and was supported on a
woodun framewurk.. The box was lined with 24-gage galvanizod
shuet mutal. As originally dusigned, the stilling pool (fig. 7)
was constructcd of wood supportod on 2- by 4-inch joists. The
tailwatur was controllud with a hingud gate at the downstruvam ond
of the stilling box. The tailwater sluvation was obsorved in a
manomotur mountid on thu sids of thy tank. The wator passed
ovor this hingud tailwater gate into a roturn flume. Tho discharge
was measurod ovsr a 90-degres V-notch wuir located butwuen the
roturmn flumo and tho pump sump.

The hoad on the wuir was muasursed with two hook gages
located in stilling wells, and the eluvation of the water in the
huad tank was obsurved in a manometer mounted on the side of the
tank. The wator surfeco and erosion in the pool wuro moeasured
with a point gage mountud on rails parallul to the model.

The hydraulic humps wure canstructud of 24-gage gal-
vanizod shuet mutal pleced over redwood framss, and the sille
wure made of sugar pinu boilud in linsvud oil. Sand was used to
reprusunt the oxcavated rivor bed in thu orosion studiuse

6. Slopu corruction of modul. Duu to thu inability to
transfur thu valuc of Kuttor's "K' on the prototype to o dynam-
ically similar valuo on ths modol, it was nouocossary to inerease
tho slopo in the modul to corruct for the dissimilarity. Assum-
ing the gatss to be tho control suotion, since above this point
thu water is undur prusswro, thu hydraulio lossus in the proto-
type wore camputud as follows:

(1) The computed prototype loss in the transition = 1.75
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feet,
(2) The computed prototype encrgy gradient = 0,0374.
(3) The length of tunnul = 215,30 foet.

(4) Heed loss in tumnel equals 0,0374 x 215.30 = 8.06 fuet,
and the total loss is 8606+1.75 = 9,81,

2
(5) By similarity, Siope_(model) = ( N (model)
1/5 Y ’ Stops—{prototype) N _prototype.

r&t io) . I

Using en N of 0,010 for the model and an N of 87313 for the
prototype,the retio of slopes is Sm = (0.010)2 (30) = 1.84.
Sp Lo.oIsJ

(6) The increese in friction slope = (1.84 - 1.00) = 0.84,
_and the cxcess hoead loss is 9481 x 0484 = 8424 feaut.

(7) The prototyp: difference in el.uvation butwoen the gate
sill end the tunnel outlet = 10,67 fuct, and the nueesscrydrop in
the modul = (10.67+8424)0.4 = 7.564 inches.

The model of the tunncl wes slopced to produce o drop from
the gote sill to the tunnel outlcets of 7.564 inchese Since the
opcrotion of thu portion of the model upstrecm from the gate sce=
‘tion wes independent of the slope, 2ll of the model was ploced on
the same slope os the downstreem portion to frcilitate constructione

Discharge Conditions Through Control Gatec Section

7o Calibration of gatus. The model was initially cssembled
down to cnd including the gate scction (fige 7 ond plate 1A). The
control gotus will be refurred to as gotes 2, 4, 6, and 8 numbered
from left to right looking dowmnstrcame. A smell Venotch weir, placed
downstrcam from the gote scetion, wos uscd to measure the discharge
through ecch gotee EBach gote was calibroted separately with full,
threc-quarter, one-helf, and anc-quorter gote openings (platc 1-A,

-B, -C, and -D). The calibrzotion curve (fig. 9) shows the dischorge
for any goete opercting clone, cnd for cll gates operating uniformly.

Hydraulic Action in Upstrcem Portion of
Outlct Gate Tronsition

8e Flow conditions. Thu upstream portion of ‘the outlet
gcte transition (figs. 7 ond 8) wos cdded to the gate section, and
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the hydraulic action wes observed for different gate openings.

As the gate opening was increased, the transition tunnels flowed
free until a gate opening of 97 percent wes reached. At this
point the tunnels flowed full. Figure 9 shows the water surfaces
at the downstream end of this portion of the transition for three
different gate openings and for the tunnels flowing free. As the
gates were closed, the tunnels flowed full until an opening of

36 percent was reached, after which the tunnels flowed free. Plate
l1-E, =-F, -G, and -H, shows the flow in the tumnels for different
conditions of discharge and gate openings.

9. Effect of air vents. Air vonts were placed imme-
diatuly downstream from the gate sectian to asrate each transition
tunnel. The use of several sleevus of tulescope tubing provided
a convunient method of varying the size of the air vent. It was
found that a tube with an inside diemetor of 3/16-inch was the
smallest air vent that would allow the water in the tunnels to
flow free with gates fully open. Plate 1-I and -J shows the ef-
fucts of the air vents on the flow characteristicse.

Hydraulic Action in Downstream Portion
of Outlet Uate Transition

10, Flow conditions. Thse downstrvam portion of the
transition (figs. 7 and 8) was added, and the top of the transi-
tion was removed to facilitate observation of the flowe Tho flow
from the two center gate tunnels produced satisfactory flow condi-
tions in the transition tunnek, but the flow from the two outside
gate tunnels gave adversov flow conditions. Plate 2-A, -B, -C, and
=D shows the flow conditions with all gatus open an eoqual amount.
Plate 2-E, -F, =G, and -H shows the flow with ono side gate (gate
2) and one center gate (gats 6) sot equally at various openings,
the remaining two gates being closed.

The advurso flow could have busn eliminated by increasing
the length of the transition which would have allowed the water to
change direction less abruptly. Because of the incroased cost of
such a change, howevur, it was considured preferable to establish
a gate-operating schedules As it will not be necessary to discharge
4,000 seocond-feet continuously, it is, therefore, recommended that
the two inside gates (4 and Gg be oporatud for normal discharges
and that the two outside gates (2 and 8) bo opsrated only when ad-
ditional capacity is needed. :

Original Design of Stilling Pool

11, drouliec action in tunnels and stillin ool. The
modul of the orgginaI 8t1lling pool dusign (Tigse 7 ané EU, ond
pleto 3) uxhibited thrue unfavoreble flow characturistiocs.

' 16
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(1) The hidroulic jump formed inside the tunnels at maximum
discharge when the tailwntur (fig. 10) was five feet above normal
(plate 4-A). This would be the tailwanter condition for maximum
discharge over the spillway. The forming of the jump in the tun-
nels caused them to flow full, and due to the increase in frictionm,
the tunnels continued to flow full even after the tailwntur was

~ decreased. Aoration of tho horseshov tunnels did not remove this

unfavorable characteristic.

(2) For moximum discharge with normal tailwater, the jump
formed ot the downstream end of the splitter pier (plate 3-B).
Plote 4-C shows the flow in the pool with no tailwnter. Figure
10 shows the weter surfcoe profile in the stilling pool for maxi-
mum dischorge and normal tailwater elevetione.

(3) When the flow from the two tunnels was unbalancod, ad-
vorse flow conditions were produced in the stilling pool. This
caused tho hydraulic jump to form in the tunnel carrying the small
discherge. Plate 4-B shows a discherge of 2,000 second-feet
through the left tunncl. Differunt types of baffle plors failed
to deorease the helical flow in the pool.

To eliminate the unfavorable flow conditions it was

' necessary to resort to other moans of oxpanding the jets cnd of

foreing the jurp to form downstream fram the tunnel outletse.

Study of !_!Ernulio Hms*'

12, Action of hydraulic i%s o, Hydraulic humps of
various designs 8 wero s ed as a nuens of spreading
the jet from the tunnels and of foroing the jump to form down-
stream from the tunnels for all combinations of gate opening and
dischorge with the tailwater 5 fuet above normal. Humps 1 and
2 spread the jet satisfeactorily and held the jump downstreom fram
the tunnel outlets. The pool however was vury roughe

4L high fin ocourred along tho conter line of the pool
and along each wall with hump 3, but the watur surface in the
pool (fig. 11) was quivt end tho hydraulic jump was well formed
and well plocud. The hydraulic jump for hump 4 was too far up-
stream and fluctuated considerably, enteiling a very rough water
surface in the pool (fige 11). Hump 6§ improved the flow in the
pool (fige 11), but the hydraulic jump formed too far upstream

- for stability.

13, Aotion with raised stilli ool floor. Studies
wure made with hump 6 and the stIIIIng pool Floor ralsed 2 imohes
% The Tirst use of the device hereinafter termed the "Hydraulio
Hump" appears to be that desoribed in "Hydroulic Model Studies for
the Wills Creek Dam" by Guorge E. Barnes, Case Sohool of Applied
Soience, Cleveland, Dec., 1934. The samo device was subsequently
usod by Mr. Barnes on at least oight other dam models.
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in the model (5 feet in prototype). The pool was rough with the
flow cancentrated in the center. Roturn flow occurred along both
sides (fige 11)., At certnin discharges and gato combinetions, un-
desirable helical flow occurred in the pool. Hump 6, the semifinal
design evolved from the foregoing studies (fig. 10), proved satis-
factory. '

Determination of Stilling Pool Dimensions

14, Width of stilling pool and divergunce of side walls.
Hump 6 as originally constructed was 30 inches wide in the model
(fige 10 and plate 5-A). With a discharge of 4,000 socond-foet
(plate 5-B) the jet at the top.of the hump spread to about six
inches on either side of the center line and continued this width
throughout the length of the pool.s Pieces of sheet metal placed on
eithor side of the jot proved convonient for detormining the correct
angle of flare for the side walls. Platu 5-C and figure 12 show
the somifinal design with the corrected side-well flare.

15, Long%h of stilling pool. Studies for determining the
proper length of stilling pool and position of the sill were made on
the semifinal design using the flaring sidewnlls, hump 6, o dentated
stop, and various Rehbock sills (fige 12). The dentatud step was
pleced ot the dowmnstream end of the hump, and the distance from the
dentoted step to the sill was than wnried. Plates 6 and 7 show the
character of the flow and the scour produced by threoe different
lengths of peol. Figure 13 shows the water surface profiles and
scour for four different lengths of pool. It was found that the
pool could bu shortened without detrimental effuct, and this revi-
sion wns incorporated in the somifinal design. The behavior of this
ravised design wns satisfactory.

Style of Sill and Revetmant

16, Dentated step and Rehbock sill. Different designs of
Rehbock sill were Tested in combination with a dentated step (fige
12)s Sill G prolduced satisfactory flow danditions and this pool

leyout wes then used to study schemes for the dosign of the revet-
ment.

17, Revetment. With sill G end pool 4, different revet=-
nment plans (fig. 14) were studied, to determine the extent of rip-
rop necesscry to insure stability of the stilling pool structure.
Revetment scheme 3 which was constructed of seand (plate 8-A ond -B)
shows the need of riprap for protection agcinst erosion. Revetment
scheme 5 (plate 8-C and -D) was of the same type as 3 except that
the river bed wes riproppede Plato 9 shows the erosion and water
surfoces with revetment schames 4 and 8. Figure 15 shows the water

surface and erosion of river bed for revetment schemes 3, 4, 5,
cnd 8.

-

~ 18, Semifinal designe Sill N, a modification of sill

23
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G, cnd rovetment scheme 10 (plo.to 10-i) wurc tosted for wnrious
gote cumbinations to detormine the finecl setion in tho pool.
Figure 16 and plate 10-B show the erosion cnd water surfoce for
meximum discherge end normal teilwater elevction. When the tail-
weter wes 5 feet (prototype) cbove normcl (fig. 16) no erosion of
the river bed occurred. With cn unbalcnced flow of 3,000 second-
feet (fig. 16 and plcte 10-C) very little erosion occurred and the
flow conditions in the pool were satisfactory. With c balanced
flow of 2,000 second=-feot (fig. 16), no scour ococurred and flow
conditions wure satisfactory.

The semifinal dusign wes used as the final design except
for minor changes in the rovetmont and slope of tho hump. Since
thesu chcngus were mcdo for construction recsons only and could
produce no advers¢ hydraulic cotion in the model, they wore not
tosted.

. 19. Rocommended dosign. The results outlined in the
foregoing pearagraphs may b e briefly recapitulated to indicate pre=-
cisely the finally recommended design of the outlet works stilling
pool. The pool itself, hump 6, proper side walls, and sill N in
its andopted position are shown in figure 14 cs Pool 4. Revetment
scheme 10 is shown in figure 14, and plate 10 is a photograph of
the whole as fineclly tested.

CHAPTER III - TESTS ON SPILLWAY MODEL

Spillway Model

20. Construction of models A model of the Bull Lake
spillway consisting of a head tank, intake section, grte section,
chute; pool and scnd box was.constructed on c seale of 1:30 (fige
17) in the Colorado Stante, College Hydraulic Laboretory at Fort
Collins, Colorado. The head tank wcs built of wood end lined with
light sheet mutal. The wrrped walls of the intoke section wore
mede of concrete. The piers and gote seotion walls were constructed
of. rodwood, the gates and ocrust of 20-gage galvenized sheet iron.
The chute and pool wero made of wood, and lined with 27-gage gal-
vanized iron. A large woodon bax lined with light sheot motal wus
fillod with sand to rupresent tho river bud downstream from the
pool. An adjustabluv woir on tho end of tho sand box wrs used to
rogulato the tailwatur. :

The roscurvoir vlevation was metsured with a hook gego in
a stilling wull attachud by hosv to o piczameter opeoning in the
hoad tanke A float gego wos usud to rucord thu tailwater olova-

tion.
33
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Water wcs supplied to the model by gravity from o 30,000
cubic-foot reservoir. Flow from the reservoir into a weir box
13.5 feet long, 10 feet wide, and 7 feet deep, wes regulated by
hcnd-operated gatus. The quantity of water wns measured owwr o
volumetrically calibrated Z2-foot Cipolletti weir, and was then con-
ducted to the model through o 2-foot concrete conduit. After it
hod passed through the model, the water wes returned to the reser-
voir through a pump whose maximume cpocity is roted at about eight
second=feet.

2l. Approoch trensition and gate sections The flow from
the reservoir through the appronch tramsition and through the gate
soction was vury satisfactory and no attempt wes made to change the
original design.

The pressure distribution (fig. 18) on the orust was
measured both with and without the getes in operation. Slight
negative prossuros were noted for discharges of 2,500 and 5,000
second-feet with the ruservoir water surface ct vlevation 5805.0
ond with the geotes in operation. Free flow over the orost gave
positivs prussurus for oll dischargus. Water surfoce profiles (fig.
18) on the conter line of the middle gate were clso taken for
various dischergese

Discharge coofficionts (fig. 18) were obtained for free
flow as wull s for various gote openings, snd e discharge diagram
was prepared (fig. 18). This dicgram shows both the froe flow and
flow for different gete openings and reservoir ¢lesvations. All
throv gotes wore opercted uniformly.

22. The chute. The suction was connectud to the stilling
pool through c chute with parcllel sides. The joining of the flows
from adjccent getes downstrecm fram the thick piers (fige 17)
cousud transverse wnves in the chute.(fig. 19)s Tho offaects of
those waoves continue into the stilling pool. Numerous designs of
the downstroam ends of the piers were testod in an attempt to
elimincate thess waves. Some improvement was noted for a fow of
the designs (figs. 20 cnd 21), but it wos not considored suffi-
cient to justify thu cdded expense of piur construction. The
water surfoce across the chute at vaerious stctions wes mucsured
with the original piers in plcce (fige 19), cnd c ruasoncbly uni-
form cross suoction wos noted at stotion 4+425.0.whore the jot entered
the pool. Velocity mecsuremunts were takon for a discharge of
10,000 se¢cond=fust ot stotion 4+425.0 with no slope correction cp-
plied to tho chute floore The mocsured mecn velocity, found to be
59.4 fuet por sucond (fige 22) checked the caleculatsd muen velocity
of 592 fu.t per svcond at thse some scotion. For this rucson the
tests on ths stilling pool wure mede with no slope correction.
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23, The stilling pool - Ori§1m1 design. The
original pool w e floor at elevation o0 and its down-

stream end at station 6+00.0 was more than cdequate for o dis-
charge of 10,000 second-feet. A satisfactory jump formed in the
pool without the use of a step or sill on the apron.

Four tests were made using sand downstream from the
epron to study the effectiveness of the symmetrical sill, den-
tated step, and solid step (fige. 23) in preventing erosion of
the stream beds The results of thuse tests (fig. 23 and plate
11) showed that the symmetrical sill wes very effective in pre-
venting erosion of the river bed, and that neither the duntated
step nor the solid step aided in scour prevention downstreom from
the apron. The tops of the brass reds in the pictures indicate
the original send bed. The steps were effuctive in holding the
Jump in tho pool at tailwnter elovations much lower than normanle
As the foregoing test indiccted ample tailwater depth as well as
more than sufficient pool length, the apron wes raised and the -
pool shortened. ' .

24, Recammended design. The pool floor was raised two
feet from elevation 5725.0 to oivation 5727.0 and the structure
was shortened 18 feet, from station 5+00,0 to 4+82,0. A tenta-
tive roccamended design had a dentated step at station 4+25.0
and en unsymmetrical sill (fig. 23) placed with its docwnstream
edge at station 4+481.25. The step was used to keep the jump
within the pool ot abnormally shallow tailwaters and the unsym-
metrical sill was used because it simplified the expamnsion-joint
spacing. Test 16 on this arrangement was compcrable to the ero-
sion tests on the origincl pool, and the scour downstream from
the apron was not serious (fig. 23). '

In the firal recommended design, the dentated step was
omitted because it was found that o 50-foot strip of riprap dom-
stroom from tho apron was equally effuvctive in keeping the jump
in the pool at abnormally low tailwater elevations. The unsym-
metrical sill wes clso replaced by the symmeutrical sill beceuse
the erosion wns more severe downstream fram the ends of the
former.

This design was satisfactary for all discherges (plate
12). No scour occurred when 50 feet of three-foot riprap wcs
placed downstream from the sill. The tailweter could be dropped
4-% feet below normal at o discharge of 10,000 second-feet without
causing the .jump to sweep off the cpron (plate 12). Consider-
able splash wes noted in the pool ot the maximum design dis-
charge. Small drops of water frequently attained a height of
one foot (model) above the top of the stilling pool wall. Various
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FIGURE 23
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REC OMMENDED STILLIMG POOL
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gate combinations failed to disclose any dangerous flow condi-
tions in the pool{, and only the worst conditions are shown on
plate 13. Plate 14 shows the recammended design.
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