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studies to  develop hydraulic design of the sluiceway and over- 
flow weir for  Yellowtail Afterbay Dam indicated the most efficient 
energy dissipators for each. The sluiceway has three 10-ft-wide 
bays separated by 2-ft tapered piers  with the flow controlled by 10- 
by 8-ft slide gates and energy dissipated by a hydraulic jump still- 
ing basin. It is designed for a 4,500-cfs maximum discharge. The 

.i 
overflow weir includes five 30-ft-wide bays separated alternately by 
4- and 2-ft p iers  with a maximum design discharge of 15,500 cfs. 
Discharge is controlled by five 30- by 13.5-ft radial gates and energy 
dissipated by a stilling basin. Two types of energy dissipators were 
investigated for each structure. .- For  the sluiceway either a hydraulic 
jump basin with chute blocks?a%d a dentated end sill (Type I1 basin) o r  
a basin with chute blocks, bhffle piers, and a solid end sill (Type iE) 
would be satisfactory. S i y e  an abutment wall forms one side of the 
stilling basin, it was deciped to  extend the apron and use the Type I1 
basin. For  the overflow weir the studies showed that a slotted bucket 
type energy dissipator wa2%ot satisfactory but that a Type I11 basin 
should be used. The recommended basins for both structures pro- 
vided excellent energy dissipation with minor wave action and channel 
bed erosion. Discharge capacity and coefficient curves were prepared 
for both structures. 
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PURPOSE 
1; 
1 :> .: 
i ' 

The purpose of the study was to  determine the hydraulic;bperating 
characteristics of the afterbay dam sluiceway and overflow weir  and 
to develop satisfactory stilling basins for both structur4s. 

;f 

: ..: 'I i j 
CONCLUSIONS 

Sluiceway 

1. Flow conditions in the approach, through the Type II stilling basin, 
and in  the downstream channel were satisfactory for all discharges 
with al l  gates fully open and for maximum discharge with the gates 
controlling and for both low and high tailwater elevations (Figure 7). 

2. The best flow conditions were with symmetrical gate operation. 
Unsymmetrical gate operation should be avoided. 

3. During the operation of the Type 1I.stilling basin the finer mate- 
r ia l  of the downstream riverbed eroded; however, the r iprap and 
other. larger material did not move. 

4. With the maximum discharge, all riverbed material that had been 
placed in  the basiniwas flushed from the basin. 

5. The best stilling basin operation was obtained when the piers were 
terminated at the chute blocks rather than extended downstream into 
the basin. 

6 .  Although slightly more wave action occurred in the downstream 
channel, the Type 111 stilling basin produced nearly a s  efficient opera- 
tion a s  the Type I1 basin (Figures 7 and 9). 



7. The maximum design discharge of 4,500 cfs (cubic feet per second) 
was obtained at  reservoir elevation 3172.5 with the gates fully open. 

8. The coefficient of discharge at reservoir water surface eleva- 
tion 3172.5 was 0.69 (Figure 10). 

Overflow Weir 

1. The slotted bucket energy dissipator caused extensive erosion 
of downstream bed material and riprap under al l  operating condi- 
tions with al l  modifications o r d ~ n t a t e s  and end sill that were tested 
(Figures 16 and 18). 

Y 
2. Tailwater sweepout from the bucket was possible under anticipated 
prototype operating conditions. 

3. The best operating bucket had 12-inch spaces between dentates 
and a 26" end sill rise.  This arrangement produced relatively minor 
movement of the riprap, but caused extensive water surface waves 
(Figure 17B). 

4. Operation with a Type 111 stilling basin was excellent. Riverbed 
erosion and riprap movement was negligible. The downstream 
water surface was very smooth (Figure 19). 

5 .  Riverbed material deposited within the basin was flushed out by 
flows near the maximum discharge. 

6 .  The discharge at reservoir elevation 3189.5 was 17,000 cfs, o r  
1, 500 cfs  greater than the design value (Figure 21). 

7. The coefficient of discharge at reservoir elevation 3189.5 was 
3.60 for the sloping face. 

8. Either a vertical o r  sloping upstream face on the weir (Figure 21) 
produced essentially the same coefficient of discharge. 
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INTRODUCTION 

Yellowtail Afterbay Dam, located at  Lime Kiln site on the Big Horn 
River about 2-114 miles downstream from Yellowtail Dam (Figure I), 
is L feature of the Yellowtail Unit, Lower Big Horn Division of the 
Missowi  River Basin Project.  The structure is a concrete diversion- 
type dam with earth' dikes at  either end, rising about 50 feet above the 
riverbed (Figure 2 ) .  The dam includes a sluiceway, overflow weir, 
canal headworks, and walls for retaining the earth dikes. The total 
length of the dam, including the earth dikes, is 1,400 feet. The pri- 
mary  function of the afterbay dam is to maintain relatively uniform 
flows in the Big Horn River, on a daily basis at least, in order that 
-existing downstream canals diverting ffom the r iver  can continue to 
divert without major overhaul of existing diversion structures. The 
sluiceway (Figure 3) consists of three 10-foot-wide bays separated 
by tapered piers which a re  2 feet 2 inches wide at the c res t .  The 
flow is controlled by 10- by 8-foot slide gates and the energy is dis- 
4 p a t e d  by a hydraulic jump stilling basin. 

3 

The overflow weir includes five 30-foot-wide bays separated al ter-  
nately by 4- and 2-foot-wide piers  (Figure 12). The discharge is 
controlled by five 30- by 13.5-foot radial gates and energy dis- 
sipation is provided by a stilling basin. 

The sluiceway is designed to car ry  a maximum discharge of 4,500 cfs 
and the overflow weir is designed for a maximum of 15,500 cfs.  

During normal operation the reservoir  water surface will fluctuate 
between elevations 3192 and 3175. It is anticipated that for  flows 
above 10,000 cfs, the flow through the afterbay reservoir  will be 
steady because the outlets, powerplant, and spillway at Yellowtail 
Dam will regulate the inflow. It is estimated that the afterbay 
reservoir  will lower to elevation 3189.50 for the maximum design 
flood of 20,000 cfs (safe channel capacity). The sluiceway of the 
afterbay dam will operate continuously during the irrigation season; 
the overflow weir will operate intermittently. 

THE MODELS 

Two separate models were constructed consecutively in a glass- 
sided test  flume (Figure 4). The first was a 1:24 scale model of 
the complete sluiceway, including slide gates, piers, stilling basin, 
about 60 feet of the reservoir,  and 100 feet of downstream river 
channel (Figure 5). The model was built entirely of wood. The 
riverbed downstream from the sluiceway stilling basin was shaped 
with a mixture of sand, passed through a No. 20 sieve, and rock 
having a 3 14-inch average diameter. 



The second model was a 1:24 scale sectional model of the overflow 
weir. It included two of the five bays, one 4-foot-wide intermediate 
pier, stilling basin. about 60 feet of the reservoir,  and 100 feet of the 
downstream river channel. The radial gates were not included in the 
model. The two bays adjacent to  the sluiceway were modeled because 
of the irregular downstream riverbed topography in this area (Fig- 
ure  14); however, other bays were also simulated for some tes ts  by 
altering this topography. This model was also built of wood except 
for the overflow weir surface which was galvanized sheet metal. 

Water was supplied to  the model from the permanent laboratory sys- 
tem and measured by volumetrically calibrated Venturi meters. The 
water passed through a rock baffle to  quiet the turbulence. The tail- 
water was controlled by an adjustable tailgate. 

4 

THE INVESTIGATION 

Good, efficient energy dissipators were required for both the sluice- 
way and spillway structures. Since riprap was t o  be placed down- 
stream from the basins, it was imperative that the flow in this region 
be quieted so that no erosion or  excessive movement of the riprap 
would occur. Several stilling basin designs were tested to  obtain the 
most efficient and economical structures. 

THE SLUiCEWAY 

Stilling Basin Investigations 

The effectiveness of the stilling basin was based on the efficiency 
of energy dissipation within the basin a s  shown by visual observation 
of the turbulence in the jump, the location of the hydraulic jump, the 
downstream water surface roughness, and the streambed erosion and 
riprap movement which was the most important criterion. Three oper- 
ating conditions were tested to evaluate the stilling basin: The f irst  
condition was with three gates fully open discharging 4,500 cfs at 
reservoir elevation 3174.5, and tailwater elevation 3161.5 (Figure 7); 
the second condition was with al l  three gates 63 percent open to  hold 
the discharge t o  4,500 cfs at reservoir  elevation 3189.5 with tailwater 
elevation 3161.5; for the third condition, the discharge was also . 
4,500 cfs through gates open 63 percent, but the tailwater elevation 
was 3165.5, which assumed maximum discharge of 15,500 cfs from 
the spillway (Figure 6). 



Preliminary Basin (Type 11). --The preliminary design included a 
Type I1 hydraulic jump stilling basin. 11 The basin was 85 feet 
long, contained chute blocks and a desa ted  end sill, and accom- 
modated flow from al l  three bays. The dividing piers terminated 
1 foot 10-314 inches downstream from the chute blocks (Figure 3). 

The Type I1 stilling basin operated satisfactorily for flows up to  and 
including the maximum discharge of 4,500 cfs operating under the 
three test conditions. 

Flow downstream from the gates was smooth and well distributed 
across  the entire width of each bay. The hydraulic jump was con- 
fined within the basin and velocities at the downstream end of the 
basin were low. The water surface downstream from the basin was 
very smooth with waves not exceeding 2 feet in height. Flow appear- 
ance was best with the f irst  test  condition. The jump was well up- 
stream and the downstream water surface was very smooth (Figure 7A). 
The higher flow velocity of the second test condition moved the jump 
downstream, causing a higher velocity over the end sill and a rough 
water surface downstream from the jump (Figure 7B). The high tail- 
water of the third test  condition moved the jump back upstream and 
reduced the downstream velocity (Figure 7C). There was no notice- 
able riverbed erosion o r  riprap movement at the downstream end of 
the basin for any of the test conditions. 

Riprap material was placed in the operating basin to  determine if it 
would sweep out o r  circulate within the basin and possibly damage 
the concrete surfaces. At maximum flow all  of this material was 
flushed from the basin. 

The model also was tested with the center bay only discharging 
1,500 cfs (no flow t:lrough the outside bays), and the two outside 
bays discharging 1,500 cfs each at equal gate openings and no flow 
through the center bay. This type of operation caused some riverbed 
and riprap material to  be drawn upstream into the inoperative bays. 

The model was also tested with the piers extended 25 feet downstream. 
from the end of the chute blocks. Although the pier extensions made 
very little difference for three-gate operation (Figure 8), they greatly 
worsened flow conditions with one- and two-gate operation. A dis- 
charge of 1,500 cfs through the center gate only produced a return cur-  
rent upstream along the sides of the basin and carried riprap material, 

1 /"Hydraulic Design of Stilling Basins and Energy Dissipators, " 
Engineering Monograph No. 25, U. S. Department of the Interior, 
Bureau of Reclamation, Denver, Colorado, 1963, pp. 19-31. 



a s  large a s  2 feet in diameter, from the 1-iver channel upstream 
along the sides of the basin into the center flow and hurled it against 
the dentated end sill. With the preliminary (shorter) piers, the flow 
spread over the basin and greatly reduced the return flow. Thus, 
the preliminary dividing piers a r e  recommended. 

The Type 111 Basin. - - ~ i t h o ~ g h  the Type I1 basin provided entirely .~ 
satisfactory energy dissipation, i t  was considered possible that this 
was an overconservative design. Therefore, a Type 111 basin, 1 1  ' 
which would be l e s s  expensive to construct, was tested. The Type 111 
basin utilizes chute hlocks; baffle piers, and a solid end sill. With 
these appurtenance&. the hyd<aulic jump occurs farther upstream 
arid allows the use of a basin a.bout 40 percent shorter than the Type I1 
basin. The baffle piers, located about one-third of the basin length 
downstream from the chute blocks, a r e  in a region of high velocity 
flow. 

The same criteria used in testing the Type I1 basin was used to  eval- 
uate the Type 111 basin. :The basin operation was nearly a s  efficient 
a s  the Type I1 basin (Figure 9). There was slightly .more wave action 
in the downstream channel, with the waves averaging about 2 to  4 feet 
in height, and a small amount of erosion occu6red near  the basin end 
sill. The 25-foot pier extensions were also t e s t d  in the Type 111 basin. 
The longer piers  did not affect the flow during three-gate operation but 
caused very poor flow conditions during one- and two-gate operation. 
Either basin would provide satisfactory hydraulic operation. However, 
design considerations called for the abutment wall of the sluiceway to 
be extended downstream to  contain the earthfill of the dike. Since 
this wall also formed one side of the stilling basin, it was decided to  
extend the apron and use the Type I1 stilling basin. 

Discharqe Capacity 
,.: 

Discharge capacity and coefficient of discharge curves for the sluice- 
way were obtained with the model. The discharge coefficient curve, 
for operation with the gates fully opened with varying operating heads, 
is shown in Figure 10. The coefficie~t  of discharge obtained at 
reservoir  water surface elevation 3172.5 was about 0.69. Discharge 
curves for:.gate openings from 1 foot to  fully open a r e  shown in 
Figure 11. These curves shoulr! be  used with reservation since the 
model was equipped with flat plates a s  slide gates'rather than true 
representations of the prototfie gates. The maximum design dis- 
charge of 4,500 cfs was obtained at reservoir elevation 3172.5, with 
the gates fully open. 

1 lIbid pp. 33-41. - 
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The efficiency and flow conditions of the overflow weir and stilling 
basin were evaluated by tests  similar to  those used for the sluize- 
way. No gates were included in the model; thus, all tes ts  were run 
with free flow over the weir. Principally, the maximum discharge 
through both bays, simulating maxinlum discharge of 15, 500 cfs 
through all five bays, was used for the tests. , 

Stilling Basin Investigations 

Erosion in the downstream channel was the principal criterion used 
in evaluating the energy dissipator and most of-the overflow weir tes ts  
were made to determine the amount of riprap movement and riverbed 
erosion. Usually the duration of the erosion tests  was 35 minutes 
(3-hour prototype). Although most of the tests  were with maximum 
discharge, flows equivalent to 50 and 25 percent of maximum were 
also observed. Single bay operation at maximum discharge per bay 
was also observed. The effect of the tailwater elevation on erosion 
was also determined. 

.:. .. 

.. Preliminary Ener Dissi ator. --The preliminary energy disdpator 
was a slottedbi- 13). The bucket had a 12-foot radius 
with dentate-just ahead of a 16'-upward sloping apron. The init 
design specified 6-inch spaces between 18-inch-wide denta1;es. 
riverbed downstream from the bucket was arranGea' to  repfresent .the 

: 
two spillway bays adjacent to the sluiceway (Figure 14). :: 

, The preliminary bucket showed generally, poor'operation with rough 
water surface and ekes s ive  riverbed erosion. -The flowwas deflected 
upwa'rd by the dentates resulting in a high boil over the dentates, a 
counterciockwis~ roll upstream from the dentates, and a clockwise 
roll  downstrea.m"ifrom the dentates (Figure 15A). The clockwise roll 
caused a reverse ,flow along the channel bottom ana up rock 
material and hurlec! i t  against the apron l i ~ ; .  The high boil caused 

' considerableturbulence and wave action ddwnstream from the basin. 
Waves were 8 feethigh a t t h e  end of the pier ari2:'decreased to  heights .~ 

of 4 feet, at a point 35 feet'downstream from the,piers.  Erosion was : 
severe and resulted in the riverbed being lowered to  nearly basin floor 
level (Figure 16B). 

Sweepoutof the basin at maximum discharge occurred when the taii- 
water was lowered 3.5 feet to about elevation 3162. Also, a 3,100-cfs 
discharge through one bay with no flow in the other bayproduced sweep 
out at normal tailwater elevations.' This te'st indicated that sweepout 
could easily occur when larger flows were$assed through on1y:one or  

1 /lbid pp. 91  -125. - 



two bays. As this was a possible operating condition, sweepout at 
these flows could not be permitted. None of the subsequent modifi- 
cations to  the end sill angle o r  tooth spacing in the bucket reduced 
this sweepout tendency. 

Since the clockwise roll was carrying bed material against the apron 
lip, this tendency possibly could be eliminated i f  the angle at which 
the flow left the bucke+ was decreased. This design was accomplishe4 
by removing every 0th ': dentate, which left 30-inch spaces between 
dentates and seven dentates per bay, and allowed a greater part of 
the flow to  leave the bucket at a flatter angle. At maximum discharge, 
the roll actualiy reversed to  a strong counterclockwise direction and 
caused excessive flow velocity along the channel bottom downstream 
from the bucket. The riverbed erosion was unchanged except for a 
more deeply scoured area  about 40 feet downstream from the basin 
(Figure 16C). The water surface was slightly smoother than before. 
Waves were 4 feet'high at the downstream end of the pier and 5 feet 
high about 35 feet farther downstream from the piers. 

In an attempt to improve the energy dissipation and reduce thf? wave 
heights, 2 more arrangements were tested. The number of dec- 
tates was increased to  10 per bay with 18-inch spaces between each 
dentate for the second arrangement. The third test  arrangement 
was with 12 dentates per bay with 12-inch spaces (Figure 17$). 
Either arrangement reduced the size of both the clockwise aild coun- 
terclockwise rolls. However, the high velocity flow continued to 
sweep along the bottom and caused excessive movement and erosion 
of riverbed and riprap material with the second arrangement. The 
third arrangement created an;Lnstable condition when some of the 
flow shifted from one directio+of roll to the other. 

Generally through all of these tests  the conjitions which produced 
the least movement and erosion of riverbed and riprap material 
produced-the greatest water surface roughness. Alterations to  the 
dentate spacing apparently could not be made to  appreciably reduce 
riverbed erosion. 

A ser ies  of tests  was made to determine the effect of different 
angles of r i se  of the bucket apron downstream frxom the dentates. 
The initial design had a r ise  of 16"; wedge blocks were added to  
this apron to create 22O, 24', 26", and 30" angles of r ise.  The 
third dentate arrangement of 12 dentates with 12-inch spaces be- 
tween dentates was used throughout this ser ies  of tests. This a r -  
rangement was used because i t  produced the best compromise 
between riverbed erosion and water surface roughness. 

The flow from the basin was deflected upward by the increased apron 
angles. The 22O and 24" r i ses  did not greatly change the flow condi- 
tions and the riverbed erosion remained severe. The direction of - - 

roll was predominantly counterclockwise. The 26" apron r i se  greatly 
reduced the erosion but roughened the water surface. The main body 
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of the flow from the bucket was deflected away from the bottom and 
only a small clockwise roll developed downstream from the apron 
lip. However, the flow left the bucket at too flat an angle t o  cause 
a very large counterclockwise roll but instead emerged a s  a rough 
water surface with considerable wave action. The 30" apron deflected 
the flow high enough t o  again split the flow into clockwise and counter- 
clockwise rolls (somewl-at like the initial basin) and bed material 
was drawn up against the apron lip. 

The 26" apron produced the best flow conditions; therefor, it was 
tested more extensively. Although riverbed erosion had been r e -  
duced, the finer material still eroded rapidly and a gradual move- 
ment of the riprap and la rger  riverbed material persisted. A 2-hour 
(prototype) erosion test with this arrangement was f i rs t  perfsrmed 
with the riverbed arranged to  simulate Bays 4 and 5 adjacent to  the 
sluiceway (Figure 18A). The flow currents first moved the finer 
riverbed material down the slope into the depression adjacent to  the 
sluiceway wall. Some of this material was then carried upstream 
and deposited in a windrow 20 feet downstream from the bucket of 
Bay 5 .  This movement of the finer material allowed ,the large r iprap 
t o  roll down the slope into the depression (Figure 18B). No movement 
of the riprap, however, could be seen in  the foreground. 

This erosion test was repeated with the riverbed arranged to  represent 
any adjacent pair of Bays 1 through 4. The 4-foot-deep riprap bed 
which extended on a 6:l slope for 35 feet downstream from the basin 
was formed from 112- to  1-foot-diameter rock with about 25 percent 
1-  to  2-foot-diameter rock (prototype). A 1-foot-thick gravel bedding 
was also represented in the model. During this test the gravel bed- 
ding-remained stable; the finer surface material eroded out rapidly 
a ~ d  the riprap and other large material in the riverbed was left. 
After this erosion process stabilized, a vigorous movement of the 
surface riprap continued: Since a stable bed was necessary, this 
riverbed movement was considered intolerable. 

Type 111 Basin, Recommended. --The slotted bucket energy dissipator 
was abandoned at this time and a Type I11 stil!ing basin was constructed 
in its place. This basin was 42 fee-t-long and <n&luded chute blocks, 
baffle piers, and a solid end sill (Figure 1 2 ) .  

'I 
The Type I11 hydraulic jump stilling basin operated satisfactorily for 
al l  flows up to and including the maximum discharge (3,100 cfs per 
bay). The flow was very smooth and well distributed across the 
entire width of the downstream riverbed with very little wave action 
for all discharges and all tailwater settings (Figure 19). 

The hydraulic jump was confined within the basin and velocities leav- 
ing the basin were relatively uniform. Rock material placed in the 
basin was efficiently removed with no swirling or  other damaging 
action. Symmetrical operation and single bay operation were equally 
smooth with no adverse flow conditions. 



slotted bucket tests.  After initial downstream riverbed degradation 
of about 2 feet, no further movement of the r iprap or  riverbed mate- 
r ia l  was observed (Figure 20). Tests made with the dividing piers 
extended to  the end of the basin showed no improvement in the flow 
cnnditions; therefore, the short piers were used for the structure. 
Secause of the excellent performance of this basin, it was chosen 
for the prototype installation. 

Discharge Capacity 

The discharge capacity of the overflow weir was determined for two 
conditions. The first condition was with a vertical upstream face on 
the weir; the second condition was with a sloping upstream face on 
the weir (F:.gure 21).  The triangular fillet that formed the sloping 
upstream face was desirable because it provided additional structural 
stability for the dam, and-permitted better location of the drainage 
gallery. 

The discharge capacity of the weir was essentially the same for 
either condition (Figure 21 ). Coefficients of discharge computed 
from the equation Q = C L H ~ / ~  indicated that when the head over 
the cres t  was greater than 4 feet, the vertical upstream face pro- 
vided slightly higher coefficients; for heads less  than 4 feet the 
sloping upstream face provided the higher coefficients. The dis- 
charge coefficient with the sloping approach was 3.60 at reservoir 
elevation 3189.5. The discharge at  this reservoir  elevation was 
17,000 cfs, 1,500 cfs higher than the design value. 

Chute Block Pressures  

Computations were made to  determine possible cavitation damage 
to the chute blocks in the overflow weir and sluiceway stilling basins. 2 1 
All chute block pressures were determined to  be in the positive range- 
due to the comparatively high tailwater and low Froude numbers of 
5.7 for the overflow weir and 6.2 for the sluiceway. 

21Progress Report VI Research Study on Stilling Basins Energy Dis- - 
sipators--and Associated Appurtenances Section 12 Stilling Basin 
Chute Block Pressures  (Basin II), Hyd-514, U. S. Department of the 
Interior, Bureau of Reclamation, Denver, Colorado, 1963, pp. 1-3. 



METRIC EQUIVALENTS TO IMPORTANT QUANTITIES 
REFERRED TO IN THIS REPORT 

Feature  
English 

Units 
Metr ic  
Units 

Height of dam 56.0 feet 17.07 m e t e r s  
Length of dam (total in- 1 ,400 feet  426.7 m e t e r s  

cluding ear th dikes) 
Volume of f i l l  145, 000 cubic 110,860 cubic m e t e r s  

ya rds  
Reservoi r  capacity at: 

Water sur face  eleva- 3,150 acre-feet 3.88 mill ion cubic 
tion, 3192 m e t e r s  

Water sur face  eleva- 600 acre-feet  0.74 mil l ion cubic 
tion, 3175 m e t e r s  

Combined maximum 20,000 cubic 566.34 cubic m e t e r s  
design flood feet p e r  p e r  second 

second 

Sluic ewax 

Width a t  c r e s t  
Length of chute 
Drop-crest  t o  basin 
Width of basin 
Length of basin 
Height of basin walls  
Maximum discharge 

Slide gates  

Overflow Weir  

Width of w e i r  
Length of chute 
Drop-crest  t o  basin 
Width of basin 
Length of basin 
Maximum discharge 

Radial gates 

30. 0 feet 
55.1 feet 
18. 0 feet 
34. 3 feet 
84. 9 feet 
33.0 feet  
4,500 cubic 

feet p e r  
second 

10 x 8 feet 

150. 0 feet  
45.0 feet 
33.5 feet 
162.0 feet 
42.0 feet 
15,500 cubic 

feet p e r  
second 

30.0 x 13.5 feet 

9.14 m e t e r s  
16.79 m e t e r s  
5 .49 m e t e r s  
10.45 m e t e r s  
25.88 m e t e r s  
10.06 m e t e r s  
127.43 cubic m e t e r s  

p e r  second 

3.05 x 2.44 m e t e r s  

45.72 m e t e r s  
13.72 m e t e r s  
10 .21  m e t e r s  
49.32 m e t e r s  
12.80 m e t e r s  
438.91 cubic m e t e r s  

p e r  second 

9.14 x 4.12 m e t e r s  









F i g u r e 4  
Report Hyd-523 

. 

YELLOWTAIL AFTERBAY DAM 
1:24 Scale Model 
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Figure .7 
Report Hyd-523 

A. Reservoir elevation 3174.5, tailwater elevation 3161.. 5. All gates 
fully open. 

3. Reservoir elevation 3189.5, tailwater elevation 3161.5. All gates 
63 percent open. 

C. Reservoir elevation 3189. 5, tailwater elevation 3165. 5. All gates 
63 percent open. 

Y ELLOWTAIL AFTERBAY DAM 
SLUICEWAY 

1 :24 Scale Model 

Flow Conditions in the Type I1 Stilling Basin 
(Q = 4, 500 c f s )  



Figure 8 
Report Hyd-523 

A. 2 i e r  a s  initially designed. 

B. P ier  lengthened 25 feet. 

YELLOWTAIL AFTERBAY DAM 
SLUICEWAY 

1:24 Scale Model 

Comparison of Flow With and Without 
P ier  Extensions for tine Type I1 Stilling Basin 
(Reservoir elevation 3189. 5, Tailwater e le-  

vation 3165.5, Q = 4, 500 cfs) 



Figure  9 
Report Hyd-523 

A. Reservoir  elevation 3174. 5, tailwater elevation 3161.5. Gates 
full open. 

B. Reservoir  elevation 3189.5, tai lwater elevation 3161.5. Gates 
63 percent open. 

C. Reservoir  elevation 3189. 5, tai lwater elevation 3165. 5. Gates 
63 percent open. 

Y ELLOWTAIL AFTERBAY DAM 
SLUICEWAY 

1:24 Scale Model 

Flow Conditions in  the Type III 
Stilling Basin (Q = 4, 500 cfs) 



F I G U R E  10 
R E P O E T  HYD-523 

C O E F F I C I E N T  O F  D I S C H A R G E  ( C d )  

C O E F F I C I E N T  IN: 
O ' c d A m  

Where 0 = Discharge in C F.S. 
A = Area of flow through gate openlng 
h = Head measured f r o m  % of open ing  ( E l .  3161 ) t o  woter  surfoce. 

Y E L L O W T A I L  A F T E R B A Y  DAM 
SLUICEWAY 

1 : 2 4  S C A L E  M O D E L  

C O E F F I C I E N T  O F  D I S C H A R G E  
W I T H  G A T E S  100 % O P E N  



D I S C H A R G E  IN 1000 C . F . S .  
T H R E E  10-FT. B Y  8-FT. G A T E S  EQUALLY O P E N  

Y E L L O W T A I L  A F T E R B A Y  D A M  
S L U I C E W A Y  

1:24 S C A L E  M O D E L  

D l S  C H A R G E  C A P A C I T Y  
- 

i. 







Figure 14 
Report Hyd-523 

YELLOWTAIL AFTERBAY DAM 
1:24 Scale Model 

Overflow Weir With 
Slotted Bucket 



Figure  15 
Report Hyd-523 

A. RIarimum discharge 3, 100 cfs per  bay (15, 500 c f s  total). 
Reservoir  elevation 3189. 5. tailwater elevation 3165. 5. 

B. One-half maximum discharge 1, 5 0 , c f s  p e r  bay (7. 750 cfs  total). 
Reservoir  elevation 3185.5, tailwater elevation 3163. 5. 

C. One-quarter of maximum discharge 775 c f s  p e r  bay (3,875 c f s  
total). Reservoir  elevation 3183. 5, tailwater elevation 3162.0. 

YELLOWTAIL AFTERBAY DAM 
OVERFLOW WEIR 

1:24 Scale ~ o d e l  

Flow Conditions in the Slotted Bucket 



pigure 1 6  
Leport Hyd-523 

A. The riverbed d;l?.%stream from the basin 
before erosionte:,ts. Preliminary design. 

B. The riverbed after a 2-hour (prototype) 
erosion test at maximum discharge. 
Preliminary design. 

C .  The riverbed after a 2-hour (prototype) 
erosion test a t  maximum discharge. 
Seven dentates per bay, preliminary 
end sill. 

YELLOWTAIL AFTERBAY DAM 
OVERFLOW WEIR 

1:24 Scale Model 

Erosion Tests With the Slotted Bucket 
(for the Two Bays Adjacent to the Sluiceway) 



A. Basin with 12 dentates per bay with 12-inch spaces  between 
dentates and the initial (18' r i se )  end sill. 

B. Same a s  A but with the end sill r i s e  increased to 26". 

YELLOWTAIL AFTERBAY DAM 
OVERFLOW WEIR 

1:24 Scale Model 

Comparison of Flow Conditions in the 
Slotted Bucket a t  Maximum Discharge 



Figure 18 
Report Hyd-523 

A. Riverbed downstream from the basin 
before erosion test .  

YELLOWTAIL AFTERBAY DAM 
OVERFLOW WEIR 

1 :24 Scale Model 

Erosion Tes t s  With Slotted Bucket 
Twelve dentates per Bay and 

the 26" End Sil l  R i s e  

B. The riverbed and riprap after a 2-hour 
(prototype) zrosion tes t  at maximum 
discharge. 



Figure  19 
Report Hyd-523 

A. Operation with the p ier  extended to the  end of the basin. 

B. Operation of basin with the shor t  p ier  (recommended). 

YELLOWT 
OVI 

'AIL 
3RFI 
!4 Sc 

AFTERBAY 
,OW WEIR 
a l e  Model 

DAM 

Operation of the  Type I11 Stilling Basin 



Figure 20 
Report Hyd-523 

A. Arrangement of riverbed and riprap 
prior to testing. 

B. Result of the 2-hour erosion test  with 
maximum Q tailwater elevation 3165. 5. 

. , 

YELLOWTAIL AFTERBAY DAM 
OVERFLOW WEIR 

1:24 Scale Model 

Erosion Test  of the Type m Stilling 
Basin (Recommended Design) 



F I G U R E  21 
R E P O R T  H Y D - 5 2 3  



mw 
WE h t m o  . . . . . . . . .  1 6 . m .  . . . . . . . . . .  m ~ i c  centlnrters . . . . . . . . .  r w t  0.m83168 . . . . . .  i; ... hlblc matem 
mi= m r d a .  . . . . . . . .  0 . m 5 5 5 .  . . . . . . . . . .  h l b i c  matars 

WPlCm 
nura amcerr ( u s . )  . . .  2 9 . 5 m .  . . . . . .  2 . . .  c u ~ c  emtrntcn  

29.57s.  . . . . . . ' . . . .  ninilitars . . .  
li& Mia ( 0 9 . )  . . .  0.47111F). . . . . . . . . .  Cabis dm- . . . . .  . . .  . . .  o.l.71166. ;. l iter.  
Wzia (U.S.). . . . . . .  9.G3.58. . . . . . . . . . . .  cubic omthters  . . . . . . .  0.94b358. . . . . . . . . .  l iters 
p.llms (U.S.) . . . . . .  3,785.43. . . . . . . . . . . .  mbie =-tars . . . . . . . . . .  . . . . . .  3.78543 Cubic d r - t e ~  . . . . . . . . . .  . . . . . .  3.7BY33 Litas  . . . . . . . .  Q.COn8543* Cubic d . . . . . .  - (u.K.)  . . .  ! .. 4.5- . . . . . . . . . .  mbio dm-= . . . . .  i. 4 .54596 . .  . . . . . . . .  Litsrs 
CuM0 r e t  . . . . . . . .  28.3160. . . . . . . . . . .  liten 
W c  Juda . . . . . . .  764.55" . . . . . . . . . . .  L i t a  
krs-feet. . . . . . . . .  1.233.5" . . . . . . . . . . .  mEic -ten . . . . . . . .  .1.233.MOr . . . . . . . . . . .  Idtars 





ABSTRACT 

Model studies t o  develop hydraulic design of the sluiceway and over- 
flow weir for Yellowtail Afterbay Dam indicated the most efficient 
energy diseipators for each. The sluiceway has three 10-It-wide 
bays separated by 7 . 4  tapered piers with the flow controlled by 10- 
by 8-ft slide gates and energy dissipated by a hydraulic jump still- 
ing basin. It is designed for a 4.500-cfs maximum d i~charge .  The 
overflow weir includes five 30-It-wide bay* separated alternately by 
4- and 2-It piers  with a maximum design discharge of 15,500 cfa, 
Discharge is controlled by five 30- by 13.5-fi radial gates and energy 
dissipated by a stilling basin. Two types of energy dissipaters were 
investigated for each structure. For  the sluiceway either a hydraulic 
jump basin with chute b1o.k~ and a dentated end sill (Type II basin) or 
a basin with chute blocks. baffle piers, and a solid end sill (Type ID) 
would be satisfactory. Since an abutment wall forms one side a1 the 
stilling basin, i t  was decided to extend the apron and use the Type I1 
basin. For  the overflow weir the studies showed that a slotted bucket 
type e n e r a  diseipator was not satisfactory but that a Type III basin 
should bc uaed. The recommended basins for both structures pro- 
vlded excellent energy dissipation with minor wave action and channel 
bed erosion. Discharge capacity and cwfficient curves were prepared 
for both structures. 

ABSTRACT 

Model studics Lo develop hydraulic deaign of the slulccway aed over- 
flow weir fo r  Yellwtail Afterbag Dam indlcsted the most efflllclcnt 
enerm, disslpators IDr each. The slulcewav haa three 10-fl-vide 
bayseeparaied by 2-ft tapered p i e n  with tlic flow oontrolled by 10- 
by 8-ft  slide gates and energy dissipated by a h ~ d r a u l l c  Jump stlll- 
Ine baeln. It i s  desimed lor a 4.500-cfs maximumdischame. ?he 
o&ii& weir tnclud& five 30-ti-wide bays smarated alter&& by 
4- and 2-It piers wlth a maximum designhischarpe of 15.500 cti, - 
Discharge i s  conlrollcd by five 30- by 13.5-f t  radial p t e s  and energy 
disslaated bv a s l i l l i n ~  baeln. Two t m e s  of enerav d i s s i m h r s  were 
lnve&ated"for each k t c t u f e .  ~o ; ihe  sluicew& eithgr a hydraulic 
jump bistn with chute blacks and e dental& end eiil (Type U h t b )  o r  
s basin with chute blocks, ballle piers, and a 6oUd end 8111 ( w e  I U J  
would be eatisfoctorv. Since an mbutment wall forms one side or the 
stillinp basin. i t  war; decided t o  extend the apron and use the Type I! 
bast".- For the overflow welr the studies ahbwcd that s slotted-Lckct 
t-we energy disslpotor was n d  satlglactory but that 8 Type Ill basin 
should be uscd. The recommended bsblns for both structures DrO- 
vided excellent energy diaeipstion with minor wave action and dhannel 
bed erosion. Discharge capacity and coefficient curves were prepared 
for both structures. 

ABSTRACT ABSTRACT 

Model studies to develop hydraulic design of the sluiceway and over- Model studtee to develop hydraulic design of the sluiceway and over- 
flow wear for  Yellowtail Aflerbay Dam indicated the most efficient flaw weir for Yellowtail Alterbay Dam indicated the most elficient 
energy disetpators for  each. The sluiceway has three 10-ft-wide energy diesipators for each. The sluiceway has three 10-fl-aide 
bays separated by 2-It tapered piers  with the f l ~ w  controlled by 10- bays separated by 2-ft tapered piers  with the flow controlled 10- 
by 8-It slide gates and energy dissipated by a hydraulic jump still- by &It slide gatea and energy dissipated by a hydradle  jump atill- 

ing basin. It is designed for  a 4,500-cfs maximum discharge. The 
overflow weir includes five 30-It-wide bay6 separated alternately by 
4- end 2-ft piers  with a maximum design discharge of 15,500 cfe. 
Diacharge 16 controlled by five 30- by 13.5-fl radial gates and energy 
dissipated by a stilling basin. Two types of energy dissipatats were 

investigated for each structure. F o r  the sluiceway either a hydraulic investigated for  each structure. For  the s l u i c c w ~  either a hydrauUc 
jump basin with chute block8 and a dentated end sill (Type I1 basin) or jump basin with chute blocks and a dentsted end B <(Type U bade) o r  
a basin with chute blocks, baffle piers. and a solid end sill (Type Ill) a basin with chute blocks. bame piers, and a solld eM sill (Type IUI 
would be satisfactory. Since an abutment wall forms one side of the would be satisfactory. Since an abutment wall forms o n e w e  ol the 
stilling basin. i t  wss  decided to extend the apron and use the Type II stilling basin. ~t was decided t o  cxtend the apron and uae ihe  Type U 
basm. For the overflow weir the studies showed that a slotted bucket bseln. For  the overflow weir the studies showed that a slotted b k e t  
type energy dissipater was not satisfactory but that a Type III basin type energy dissipator was not sat idactory but that s Type RI bpan 

should be used. The recommended basins for both structures pro- 
vided excellent energy diesipstion with minor wave action and c h a ~ e l  
bed erosion. Discharge capacity and coefficient curves were prepared 

for both 8tructures. \ far  both structures. 
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