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ABSTRACT

Hyﬂraulic model studies of the spawnlng channel stilling basin and diffuser

chamber at Yellowtail. Afterbay Dam in Montane resulted in the use of &

‘slotted baffle near the intake conduit to provide satisfactory stilling ac-

tion and good flow distribution. Flow enters the spawning channel through

‘a 4-ft-dia intake conduit, passes through a stilling basin, and upward
“through a diffuser greting into the resting pool at the upstream end. Of

the 150-cfs design flow: 30 will be discharged through a 24-in, bypass pipe
to lower part of the .fish ladder, 20 into the upstream end of the fish lad-
der, and the rest intc the spawning channel. The slotted baffle diffuser
was developed for the stilling basin to replace flcor block and stepped end
8i1l1 of the original design. This provided & relatively stable water sur-
face in the basin and gocd flow distribution from the diffuser chamber into
the resting pool, so that flow into ‘and through the pool was quiet. The

-modified stilling basin ‘and diffuser chamber performed well for any possi-

ble operating combination of head and tailwater. To quiet flow from the

‘bypass pipe from main gtillirg basin before discharging it at right angles

into the fish ladder, .the bypass diffuser chamber was widened and a

seawall-type cover, was prov1ded at the downstream end- to reduce turbulence.

DESCRIPTORS—» flsh handllng facllltles/ flah/ fishways/ ®diffusers/ water
‘pressures/ flow meters/ ¥stilling basins/ *hydraulic models/ jets/ ercsion/
~conduits/ hydraulies/ hydraulic similitude/ laboratory tests/ flow control/

sea walls/ discharges/ research and development/ afterbays/ baffles/ model

“tests/ diacharge measurements/ energy dissipation/ negative pressures

IDENTIFIERS—T resting pools/ spawning channels/ diffuser chambers/ diffuser

gratings/ raie-of—flow controllers/ bypass conduits/ Missouri River Besin
7 o
.
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FURPOSE

The stuiies were conducted to develop the hydraulic design of the
5tilling basin and diffuser chamber at the upstream end of the spawn-
ing channel. Studies were also conducted to develop the hydraulic
design of another diffuser chamber at the downstremm end of the. 24_inch
bypass ‘from the st1¢11ng basin to the downstream portion of the fish |
ladder.

RESULTS

1. The preliﬁinary orrangement of the stilling basin and diffuser
chamber, which included a large floor block and a stepped end sili,
.did not provide satisfactory stilling action or flow distribution.

L.2§';AJ$lotted,baffle (Figure 9) near the intake conduit was developed
.*for the stilling basin to provide a relatively stable water surface
“in the basin, and good flow distributlon from the diffuser chaumber

1nto the restlng pool

3.- The diffuser chamber for the discharge from the 2k-inch bypass
‘conduit-to the lower portion:of the fish ladder was widened from

3 :feet ‘9 inches to 4 feet L inches, and a sea wall type of cover
‘was provided at the downstream end to reduce the turbulence in the
chember and’ to improve the dlstribution of flow 1nto the Tish '
‘ladder - . _
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INTRODUCTION

Yellowtail Dam and Afterbey Dam, parts of the Lower Big Horninivision
of the Missouri River Basin Project, are located on the Big Hirn
River about 60 miles southeast of Billings, Montana (Flgurc '1). 'The
Afterbay Dam is located about 2-1/2 miles downstream .from Yellowtail
Dam. The Afterbay Dam is a concrete structure with €arthidikes at
each abutment rising about 50 feet above the riverbed (Figure 2).

The dam .includes a sluiceway, radiel gate controlled overflow weir,
and canel headworks. The total length of the dam, including the
earth dikes, is 1,400 feet. The primary function of the Afterbay

. Dam is to maintain' relatively uniform flows in the Big Horn River

on a daily basis, in order that existiing downstream canals diverting
from the river. can continue to divert without major overhaul of-
existlng diversion structures. :

The -spavwning channel is'located on the downstream side of the dam

‘near the left abutment (Figure 3}. Flow enters the spawning channel

- .through a W-foot-diemeter intake.conduit, a s5tilling basin, and a

diffuser chamber at the .upstream end of the spawning channel. The

_rate of flow into the stilling basin is controlled by a rate-of- flow
- controller and 'meter which ccntains a small butterfly valve. The

flow passesthrough the stilllng basin into the diffuser chamber
and ‘then upward through a diffuser grating .into the resting pool at

-the upstream end of the spawning channel. The design flow for the

stilling basin is 150 cfs; 30 cfs will be discharged from'the‘still-.
ing basin through a 2k-inch bypass conduit ‘to the lower .portion of

.-a fish ladder; 20 cfs will be discharged from the resting pool into

thie - ‘upstream end of the fish ladder {Figure h),' and the remaining

100 cfs will flow into the spawning channel.  -During normal operation
the reservoir water surface will fluctuate between elevation 3192

and elevation 3175. The water surface in the’ spawnlng channel may
fluctuate between elevation 3167.9 and 3169.4k.. Dimensions of- hydraullc
features are listed in Table 1 for'both Englinh and metric units.

THE MODELS :

The flrst model (Flgure 5) was & 1 to 8 scale reproduction of the

'stllllng ba51n, -diffuser chamber, resting pool, and upstream end

of the spawning channel. The entrance to the 2h inch bypass: donduit

- /from the stilling ‘basin and the entrance to the fish ladder from the

resting pool were also simulated in the model. -The rate-of-flow

_controller and meter that discharged the flow from the intake conduit '

into the stilling basin was simulated by use of a 6-inch butterfly
valve in a 6-1nch supply line. ‘Flow was supplied to: the; supﬁl 111e

by means of the laboratory 5 permanent. supply ‘system.. The head was
" ‘measured by piezometers located one pipe diameter upstream from the

”l]“butterfly valve. B
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The preliminary design (Figure T} ut*lized one lerge baffle plecedn

':'the open aresa would be approximately 1/2 foot per secfnd.“

The rate of flow into the spawuing channel was controlied by means

of a slide gate at the downstream' end of the model and was measured

. with a 90° V-notch weir. The rate of flow through the bypass was
-controlled by means of & 3-inch gate valve and measured with & 90

V-notch weir. The remeinder of the flow discharging intc the fish

“ladder vas controlled by a slide gate. The two slide gates also :

controlled ‘the water eurface elevation in the spawning channel.

'The rate of Pflow to the fish ladder was determined by subtracuing

the ‘sum of the spawning channel flow and the bypass flow from. the
totel 1nflow. . ;

'-.After completion of the model ‘study of the spawning chennel stilling

basin and diffuser chamber, a 1l: :4 scale model ‘of the diffuser chamber :
at the downstream ‘end -of ‘the. 2L-inch bypess conduit was constructed
within the existing model (Figure 6). 'The 6-inch supply line and. ﬁ

butterfly valve was used to represent the 2l-inch bypass and to

control thé hesd. The diffuser chamber was constructed using wooden f )
partitions inserted within the. stllling basin of the existing model. ;

'I'E[E INVESTIGA.TION ﬁ

Tﬁe‘investigation'wes concerned with flow conditions 1nﬁthe stilling'

basin, diffuser chamber, resting poocl, and spawning channel  for the.

design inflow of 150 cfs discharging from ‘minimum and maximum afterbay
reservolr elevations. The investigatlon ‘was -extended at the conclu51on
of ‘the initial studies to include the, flow conditions in the dlffuser
chamber at the downstrea.m end of the Qh-inch ‘oypass conduit. '

Preliminary De51gn

.j'

-on the centerline on the floor of -the stilling basin and a stepped: end

©'8il1l at the downstream -end of the diffuser: ‘chamber under ‘the dlffuser

grating. 'The grating was designed S0 that the ; sverage velocity through

Flow from the butterfly valve simulating the rate of~flou controller :
crossed ‘the . stilling basin and impinged apon: the dcwnstreem wall i

creating a considerable anmount of turbulence in the stilling basin

(Figure 8}. A grid of piezometers installed on the upstream side/”
of this wall showed the pressures to be equel to the rise in weter
-surface along the- wall .or about 2 feet of water ebove the normel

Rt water surface elevation._

The flow in ‘the ; resting pool was | relatively quiet however, the flow

: entered the pool through the: downstream portion of the grating,'some

-of-the fiow then turned upstream and’ rettaned to: the diffuser chnmber ‘

through the upstree.m portion of the gre.ting. This operation v.ra.s1 y




o,

.particularly ﬁéhe Et'hlgh head and high tailwater. The stepped end sill
and baffle block did not provide uniform flow dlstributlon through the
gratlng. SR .

. Modlflcationsf? SR i

Ihe w1dth of the stllllng basin was reduced to 17 feet, or the same
.width as the grating. .This wodification increased the turbulence in
the stilling basin and’ “further concentrated the flow through the
‘downstream end of the diffuser glatlng ‘HNo further tests were made
with the narrow basin. - ) S

;The large bdffle and stepped end 5111 were removed: and a slotted
! baPfle was installed between the stilling basin and the diffuser

';fcnamber. The baffle extended from the basin floor to-the headwall

'e'; Recommended De51gn

of the resting pool,.and blocked off one-half of the flow passage.
This change prov1ded much better flow dlstrlbutlon through the
gratlng ' o
Other minor modifications in size of stilling basin and diffuser .
chamber and in baffle arrangements, 1nclud1ng a large sloping sill
~on the basin floor beneath the headwall of the resting pool, were
-A_1nvestlgated but were not as satisfactory as the slotted baffle.

The recommended de51gn (Flgure 9) con51sted of the prellmlnary basin

and diffuser chamber with the’ large baffle and: stepped end sill removed
and a slotted baffle placed in the ‘path of the Jjet near the headwall

of the basin. Essentlally, the baffle consisted of four wzlls that’
provided three slots from which the flow could emerge into the basin.
One 16-1nch-w1de slot on the centerllne, 3 feet downstream from the o
headwall, was flanked by two 32- inch-wide walls. Two -additional side-
‘walls extended 3 feet out from. the headwall at e p01nt 5. feet h inches
‘on e1ther 51de .on the centerline. ‘ '

This device prnvided a relatlvely smooth water surface in the stllllng_

i':'basin (Flgure 10) and a falrly‘unlform flow distribution from the .

_difiuser ‘chanmber -into the restlng pool. The relatively smooth water
surfece inythe stilling ba51n resulted in a much. smoother water .surface
_and a. more constant head at the. entrance to ‘the bypass than -was: avail- -

“able’ wlth the preliminary. de51gn ‘

The more uniform flow dlstrlbutlon through the dlffuser grating -

o reduced the VelOCItleS and - turbulence and- prov1ded a quieter. resting

“pool than was available in the preliminary design. Dye.streamers

“'m_lntroduced into the-flow to trace the -flow. currents revealed that the

,flow passed- downward :from the resting pool ‘into the diffuser chamber -~ .
only at the extreme upstream edge and corners of the dlffuser grﬂtlng.s :




The stilling basin and diffuser chambe:’ performed well for any
possible operating ccmbination of head and tailwater. The structures
algo performed well with the fish ladder and bypass closed when the
entire 150 efs discharged into the spawning chamnnel {Figure 11)..

This discharge at low tailwater elevation .ereated a riffled water
surface at the entrance to the spawning channel and a minor amount
of erosion in the channel bed. Bowever, the prototype channel will
“be protected by a gravel llnlng, and the effects of erosion should
be negligible.

Pressures for the design flow of 150 ecfs with minimum and meximum
heads were recorded at a piezometer located at the upstream cormer
of one wall of the center slot {Figure 9). At minimum tailwater,

. the pressures ranged from 1,5 feet below atmospheric at minimum

head to 4.8 feet below atmospheric at maximum heed. At maximum

. tailwater elevatlon, the pressures ranged from 1.7 to 6.4 feet above
-atmospheric at minimum and maximum:heads. iBecause the maximum flow
velocity from the valve is less than 30 feet per second, no adverse
pressure conditions are antlclpated along the slotted walls. ‘

Bypass Conduit D11fuser Chambar

‘After the studies of the spawning channel stllllng basin and
diffuser chamber were completed, the diffuser chamber for the
24=-inch bypass” (Flgure 4) was modeled and tested. The é-inch model
supply line with butterfly valve was used to simulate the 24-inch -
. bypass pipe and to regulate the head., The chamber was constructed
.at the outlet within the stilling basin of|the existing model
(Figure 6). TFlow from the stilling chamber discharged through a
submerged rectanguler opening into the rlght portion of the existing
model, which represented one bay of the fish ladder. The area to the
- left and downstream surrounding the basin represented the stream
channel tailwater area. This arrangement prov1ded a model on the
opp031te hand to the prototype structure.




) ﬂThe diffuser hambnr was tested for a flow.of 30 cfs assuming no
ffhead losses’ in the approach conduit and for 30 cfs assuming maxi-
-.mum. head . losses, both for two tailwater ‘conditions. . The.low:
[tailwater was. sligh tly below the top of ‘the downstream vdll of
. ‘thechamber while.the higher tailuster was. approximately 1 foot
fﬂ(prototype) above ‘the top of this wall e ‘

'*Ehe tests 1ndicatea that ‘the “turbulent. flow conditlons in the

o preliminary chamber ‘would be Aimproved - if ‘the chamber width of

3 feet 'O inches was ‘increased to 4 feet U4 inches-and the. ‘bypass

_'leine moved-to.-enter. at the centerline of the chamber. The tests
-dlso.showed that wave action -would be reduced if a seawall/:::

":extending 18 inches upstredm from: the dcwnstream wall (Flgurc 6)

- The enlarged dlffuser chamber end seawall helped to contain ‘the

flow within the- chamber -end reduced the turbulence. Although most'

.. .of the flow discharged through the downstream portion of the sub-

'i'mergeu opehing, flow distribution from the chamber througn the -

- submerged. rectangular opening intc the- fish. ladder was 'better dis-

. Tttributed than with the preliminary arrangement “The performance
.. Mag considered to be.satisfactory. for 2 discharge of 30 cfs in the
ﬂrange of the operating heads. R o
: . L /;{;’

Table 1.

"; Dimen51ons of Hyﬂraullc Features

Eng}lsh Metrzc
50 feet: 15 24 meters -
1 400 feet:426.72 meters .
150 efs : 4.25 ems
: 100 efs 1 -.2.83 emyg
-30.efs 1 0.85cms.
20 efs :+ 0.57 ems.
i_4_feet:m‘1;22;meters:' .
iR4 ineh:  60.96 centimeters

A Feature
r:jT*Helght of dam
Iength Of dam : ’
;Discharge to spamning channel
-:Discharge in. spawning channel
“’Discharge from ‘bypass
. .Discharge from fish ladder Ny
- -Intake: conduit . dlameter
'“s51ze G __ggsss :

e es lc.'ol.u- es. -c. v ne
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Figure 6
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FIGURE '7
REPORT HYD-525
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FIGURE 9
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- . CONVERSION . FACTORS—BATTISE TO METRIC TNIZS OF MEASUREMENT

The fellowing conversion factors sdopted by the Pureau of RAeclametion are those published by the American Soclety for
Teetdng and Materials (ASTM Metric Practice Guide, January 1964) except that edditional factors {#} ecaumemly used. in
the Bureau have been added. Further discuseion of definitions of quentities med wnits is given on pages 10-11 of the
- ASTM Metric Practice Geide, . ) - ’

The metric uolts end converslon factors adopted by the ASTM are based on the “Internaticnal System of TUniis" {designated
Sl for Systeme International 4'Unites), fized by the Interncticnal Committes for Weights and Measures;-ihis system ia
aleo jnown ag the Glorgl or MXSA (meter-kilogram (mass)-seccrnd-ampere) cystem, This Eysten has been adopted by the
International Organmization for Standerdization in IS0 Recommendation R-3L, - . :

The metrie tech;:d.cu.l. urdt of Torce is the kilogram-foree; this is the force which, when applied toa bc:ty havipng o
‘mags of-1 kg, gives it an aceeleration of 9.80665 m/eec/sec, the standard ascelersticm of free foll toward the earth's
center for sea level at 45 deg latitude. The wetric unit of force in SI units is the newton (M), which ig defined aa

- that foree which, when applied to a body baving a mass of 1 kg, gives it an soceleration of 1 m/see/sec. These undts

‘must be distinguished from the (inconstamt) local welghi of a body having e mass of 1 kg; that 1s, the welght of a

body 16 that force-with shich a body ie atiracted to the earth epd is equal to the mass of a body multiplied by the

- agceleration due‘to gravity. However, because it is general practice to.uce “pound” rather tban the technically
igorrect term "pound-foree,” . the.tern. "dlogren" (or derived mass unit) has heen used in this gulde ipstesd of Midlogram--
‘force" Ip expressing the comverslon factors for forces. The newton unmit of foree will find increazing use, and 1s
essepklal in ST unite. : ’ : ‘

H§00o3~&3

-
-

-3hh (éemctly)*
.mm“gmcty) ..

AEEA

. . . Square centimatera
0.092903 (axactly, Squars meters
0.836127 . . . . Square mwiors
0,40460% | | | « « . . Heotares
4,046.9% , ’ . Square meters
: 0.0040 . Square kilcmters
) Square kilemsters

. Cublc centimaters
Cuble mrtara
Cubic meters

Fluid ‘cmeen (0.5.) . . M ; Cubie centimeters
L e . e e Hillilitera
Liguid pints (U.5.) . ‘ e e Cuhic decimetera’
L : e .. ) . . ‘. Liters
Quarts (U.8.). ., ... .. . 58, .. . Cubie centimeters
' . PR - - .. e Llters
Gallons (0.5.) . . v e i+ . Cuble centimstere ..
i o 3,78 : Cubic decimetara
L Litera
- . . Cubie prters
Gallens (D.X.} .. . © L hJSAE09 M e e Cubice decimsters
: . .« » Liters
Cubie feet . . . ,.
Cubie yarda ' . . . /
Acre-feet vow . L,233.5w
: ; e e - 1,233, 500
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_ ABSTRACT
Hyﬁréﬁlié. model studies of the spawning channel,5ti11ing basin and diffuser
chember at Yellowtail Afterbay Dam in Montsna resulted in the use of a

B “slotted baffle near the intake condult to provide satisfactory stilling ac-

tion”and- good flow distribution, Flow enters the spawning channel through

. B 4-Tt-dla intake condult, paases.through a stilling basin, and upward
through a.diffuser grating into the resting pool at the upatream end, Of

“the 150-ef8" design flow; 30 will be discharged through a 24~in. bypass’ pipe

to lower part-of the rish ladder, 20 into the upstream end of the figh lad- - .

der, and the reat into the apmming channel, The slotted baffle diffuser

wan -déveloped for the stilling basin to.replace floor block and stepped end
- g111.0f .the orlginal design. This provided a relatively steble water sur-
.~ faeevin the basin and good flow distribution frow the diffuser ghamber into

the resting pool, ‘ao that flow into and through the pool wag quiet, The

modified stilling basin and diffuser chembér performed well for any possi—:’

ble operating combination of hesd and tasilwater. To qulet flow from the
‘bypaas plpe from main atilling basin before discharging it at right angles
“Into’the fish ladder, the bypass diffuser chamber was widened and a

o aeawall-type COVer WAS. provided at the dnwnatrea.m end to reduce turbulence.

ABSTRACT

Hydraulic model atudies of the apewning channel stilling basin and diffuser
chamber at Yellowteil Afterbay Dam in Montana resulted in the use of a
© - mlotted bai‘fle neer the intake conduit to provide sstisfectory stilling ec-
" ‘tion and good flow distrivution, Flow enters the spamning ¢hannel through

EERR dia intake conduit, passes, through a stilling basin, and upward

" ‘through a diffuser grating into the resting pool et the upstream end, Of
- thé 150D-efs design flow, 30 will be discharged through a 24~in, bypass pipe
- ‘to lower part of the fish ladder, 20 Into the upstream end of the fish lad-
. der, and the rest into the spawning chennel, The slotted baffle diffuser
Y. whg develn‘oﬁd for the stilling besin to replace floor block and stepped end

"sill of ‘the originel design, This provided e relatively steble water sur-

. ..I'ar:e in the basin and good flow distribution from the diffuser chamber into
the-resting pocl, so that flow into and through the pool was guiet. The

" modified stilling basin end ‘diffuser chamber performed well for any posai-

“ ble operating combination of head and {allwater. To quiet flow from the

" bypass pipe from main 8tilling basin before discharging it at right angles
into the fish ladder; the ‘bypass diffuser chamber was widened and a
seawall-type cover was provided at the downstreem end to veduce turbulence.

~ ABSTRAGCT

_‘Hydraulic model atudies or the spawning channel stilling basin and diffuser
- ehamber at Yellowtail Afterbay Dam in Montane resulted in the vae of a

lotted baffle near the intake conduit to provide satiafactory stilling aa-

"“tion and good flow distribution. Flow enters-the apawning channel through

a 4-fi-dis intake condult, passes through a stilling baegin, and upward

. through a diffuser grating into the resting pool at the upatrea.m end. Of
““.the 150«cfs design flow, 30 will be discharged through a 24-in, bypass plpe
" to lower part of the fish ladder, 20 intc the upstream end of the fish led-

der, and the reat into the spaming channel. The alotted baffle diffuser
was developed for the stilling basin to replace floor block and atepped end
g111 of the eriginal design. This provided a reletively stable water sur~

* face In the bezln and geod flow distribution from the diffuser chamber into

the resting pool, so that flow into and through the pool wds:quiet., The
modified stilling basin and diffuser ohember performed well for any posol
ble operating combinatlon:-of head and teilwater. To quiet flow from.the
bypass pipe from main stilling basin before discharging 1t at right =ngles
into the fish ladder, the bypass diffuzer chamber was widened and a
seavall-type cover was provided at the dcematream end to reduce turbulence,

_ ABSTRACT
Hydraulic model studles of the spawning chanmnel stilling basin and diffuser
chamber at Yellowtall Afterbey Deam in Montane resulted in the use of a :
glotted baffle near the inteke conduit to provide satisfeetory stilling e
tion and good flow distribution., Flow enters the spawning channel through
a 4-ft-dis Intake condult, passes through e stilling besin, and upward
through a diffuser grating into the resting pool at the upstrea.m end, Of
the 150-¢fs design flow, 30 will be discharged through a 24-in. bypesa pipe
to lower part of the fish ladder, 20 into tha upatresm end of the fish lad-
-der, end the rest into the spawning channel, Tha slotted baffle dif'fuser
was developed for the stilling basin to replace floor block and atepped end
811l of the original design. This provided. a relatively stable water sur-
fece in the basin and good flow distribution from the diffuser chamber into
tie resting pool, so that flow Into and thrcugh the pool was quiet, The
modified stilling basin and diffuser chember performed well for emy possi-
ble operating combination of heed and tallwater, To quiet flow from the
bypass pipe from main stilling basin before discharging it 4t right angles
into the fish ladder, the bypess diffuger chember was widened and a

saawall-type cover was provided at the downstreem end to reduce turbulence,
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