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INTRODUCTION 

i. Introduction. The Marshall Ford Dam. a part'of the lColorado 
River project, is located in the Colorado River in Texas abe -- 
miles northwest of Austin (figure I). The de, will provide 
trol and power development. Th 
concrete, gravity type resti~ 

distance from the river. ; ..... 

The dam was constructed in two stages, which will:be referred to 

dam, making the plane of the downstream face of the~dam common to both 
structures. An ogee crest tangent to the 0,75el/downstream face was 
desisned for each structure. Piers were not installed on ~he initial 
spillway crest, ma~ing the net length of this crest 30 feet longer th~n 
for the ultimate design. Pertinent data for the layout of thespill-- 
ways are outlined in table I. 

Crest elevation 
Maximum reservoir water 
surface elevation 

I Maxlmumhead on spillway 
crest 

Design head on spill~y 
crest 

Net length of spillw~ i 

TABLE I 

I Initial Dam 

640.0 

870.0 

30.0 ft. 

30.0 ft. 
730.0 ft. 

Ultimate Dam 

714.0 

740.0 

2 8 . 0  ft. 

30.541 ft. 
700.0 ft. 
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The proposed stilling pool was:a horizontal apron connected to 
the downstream face of the dam by a 75-foot radius bucket and a 
sloping apron. A silk was placed at the end of the apron to assist 
in dissipating the energy in the spiil1~ay flow. Training walls were ~ 
provided on each end of the spillway stilnn pool to confl.e the 
hydraulic Jump (figure 2). 

The first design of the ultimate development provided 28 individ- 
ual siphons with their exits resting on the crest of the low dam. 

River outlets 8 feet 8 inches in diameter were provided so that 
the structure would serve properly the functions of flow control. The 
spacing between conduits would allow 28/river outlets to be installed 
in the spillway section; however, 4 outlets were omitted near the 
center of the left half of the !spi] 
foot diameter diversion conduits. 
river flew during'the construction t 
which they were plugged LWith concrete (figur e 2). 

2. The ~odels, Since the same stilling pool was used for b~th 
dams, the-~sigr.~as necessarily baSed on actionlfor the more severe 
condltions that were expected to exist after oomple~Ion of the high 
dam. AS a consequence, most of the model testing Was confined to the 
ultimate development. Results of tests on feur~ separate r- 
ing various phases of the project, are presented in this 
models discussed are a 1 to 40.8 ~ectional model~ of the 
a 1 to 40.8 sectional mod~i of the ultimate spillwa~ 1 
representing half of the ultimate spillway, and a 1 
one river outlet, i 

5. Summary of tests. Tests on the Iz40.8 model of the spillway 
crest of the low ~ ~ed that with the reservoir at elevation 
670.2, areas of reduced pressure existed on the crest. Sin~e this * 
pressure was never greater than one pound per square inch below atmos - 
pheric pressure and would be present for only. short periods, the con, 
dition ~as not considered critical. ~easurementslof the thickness~of 
the jet flowing over the crest of the low dam at maximum discharge 
indicated that the height of the proposed training wall should be in- 

creased. 

The ultimate development crest operated satisfactorily at all 
t .... t disc~ rges after the siphons had been eliminated from he design. 

~'ith the reservoir at elevation 740.0, a very slight negative pressure 
occurred on the downstream extremity of the crest. With water flowing 
over the crest, the discharge of the river outlets remained about con- 
stant. Calibration data was obtained from the model with the river 
outlets and the crest operating separately and together. 

The stilling pool studies demonstrated that a 200-foot radius 
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bucket with a 2.094 to i slope to the flat apron at elevation 480.0 
was superior to the original 75-foot radius bucket end the flatter 
4 to 1 slope. This change in slope resulted in a saving in concrete 
and a longer horizontal apron. Lowering the horizontal apron below 
elevation 480.0 did not materially improve the stilling pool action. 
A dentated sill at the downstream end of the horizontal apron pro- 
duced better conditions than either the original 2 to 1 trapezoidal 
sill or a 1 to i trapezoidal sill. The dentated sill was removed 
from the entrance of the pool sufficiently to prevent any ~reas of 
greatly reduced pressure on the dentates~ 

Investigations on the Is68 model of the ultimate development 
showed that the location of the diversion conduits~was satisfactory. 
Intermediate training walls, sloping from elevation 517.0 at the 
bucket to the top of the sill, on each side of the diversion!conduit 
were found necessary to prevent undesirable stilling lpool currents 
when the spillway and the outlets were operating. 

Operation of the diversion conduits in a manner representing the 
diversion period during constn~ction of the high dam demonstrated 
that conditions were better when the intermediate training walls were 
in place. The diversion conduits were rated so that their capacity 
might be known for any reservoir elevation. 

The more severe stilling pool conditions existing with the high 
d~l were used to determine satisfactory training walls on each end 
of the spillway. The original left training wall design was unsatis- 
factory at high discharges because of the excessive~flowfrom the 
powerhouse tailrace over the wall onto the hydraulic Jump. The final 
designed wall, placed at elevation 548.0 with the downstream portion 
on a 4.04~ to i slope ending at elevation 515,0, gave satisfactory 
stilling pool conditions. 

The original training wall on the right end of the spillway did 
not extend sufficiently far downstream to prevent an undesirable whirl 
near the right bank. A trapezoidal extension on the end of the wall 
removed this condition. The final wall was made similar to the left 
wall in appearance. ~%ere the rock level was higher than the sill 
elevation, a 3 to 1 cut on the rock extending from thelsill downstream 
was found more desirable than the 1 to i slope originally proposed. 
The backfill behind the training wall was severely eroded at high dis- 
charges. Accordingly, it was recommended that the sloping portion of 
this backfill be riprapped. 

The problem of bringing the river outlets into operation at high 
reservoir and minimum tailwater elevations was solved by installing 
spreading exit transitions on outlets i0, 12, and 14. It was deter- 
mined that the most satisfactory operating program would result when 
these outlets were operated first, in the order named, and then the 
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remaining even-numbered outlets opened, from left toright. The odd- 
numbered outlets could then be opened in amy desired order. 

Studies on the 1,25.5 model of one river outlet were primarily 
for the development Of a satisfactory spreading exit for t.hree of the 
river outlets to be opened first when bringing the 0utlets~into 
operation with a high reservoir elevation and low tailwater level. 
Such an exit was evolved, and its operating characteristics were 
studied. 

Observations and pressure measurements on,the circularriver out- 
let, when fitted with the spreading exit, indicated that under full 
capacity better conditions resulted when the air vents were~closed. 
With reservoir levels between elevation 551.78 and 610.0, the air 
vents produced an objectionable pulsating flow through the cutlet. Ae- 
cordin&ly, it was recommended that valves be installed inthe air 
lines to control gates and that these valves be closed when the gates 
are completely open. 

MODEL OF INITIAL DEVELOPMENT 

4. The spillwa~ crest. W~ile t] el 
ztudies were made on the ultimate day, 
hydraulic model investigations onthe s 
concerned mainly the crest of this at~ 
model of the crest of the low dam spillway was built on a~scale ratio 
of I to 40.8. This model was installed lin~a metal,lined flume con- 
nected to the laboratory supply system. • 
stream from the model so the head on the at 
any discharge. The model stilling pcol~ ~e 
this problem was considered only in connection with the ultimate de- 
velopment. Fiezometers were installed on, the crest for measurinz the 
pressure on the surface of the crest at various discharges(figure 
3). 

5. Tests and results. Piezometer pressures on the crest were 
obtained at discharges of 60,000, 120,000, 180,O00, 240,000, 300,000, 
and 360,000 second-feet, respectively. Pressures below atmospheric 
existed on part of the downstream portion of the crest at maximum 
discharge (reservoir elevation 670.2). The maximum intensity of this 
negative pressure was two feet of water (figure 4). 

The discharge-coefficient curve obtained for the crest (figure 
4) shows a maximum of 3.948 for reservoir elevation 670.0. This high 
efficiency was due to the reduced pressure on the downstream portion 
of the crest. 

With a discharge of 500,000 second-feet passln~ over the crest, 
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a profile of the water surface wastaken along the face of the dam' ! 
This was done to determine the necessary height of the training walls 
(figure 15). This profile show~ that no freeboard existed, the~water 
surface Just reaching the top of the wall in one place. Noldoubt:air 
entrainment would cause a hi~her water surface, but ~ auch:a~condition , : 
w o u l d  e x i s t  o n l y  f o r  t h e  l o w  dam; s o t h e '  o c 0 u r r e n c e  w a s . n o t  c o n s i d e r e d  i ~,,~ 
critical. Moreover, the occurrence of floods of this magnitudes.was 
expected to be very infrequent, 

STUDY OF SPILLWAY ANDSTILLING POOL 
FOR ULTIMATE DEVELOPMENT 

of the ultimate development was therefore~ 
Three methods of flood regulation in one s 
pool more complicated amd except for the:siphons 

t 

siphons a~d four river outlets. Asoale ratio o n 
to permit use of commercial brass ons 
Thls model r.quired a flow about mxi=m capacity th, 
laboratory pump. : ,:~ 

A metal.lined tank ll feet long. 2 feet 6.7/81~Inohes wide. amd 
8 feet deep ,ms connected b) a ~flange to -one of thei~24~inch~conduits /~ 
of the l~boratory supply system. The up stresLm~face of the model ~dlm 
was installed at one end of the tank. The model understructure was 

sheet metal ~ve the final crest shape. An a~ 
ported by 16-gage bents was fastened to the f] 
understructure. The flume contained the apron and extended 10.5 feet 
beyond to provide a s~nd bed for erosion studies. Glass~panels in 
one side of the flume permitted visual anc of 
the stilling p o o l  action. The tailwater ~ f the 
flume was a wooden g~te hinged at the bottom and regulated by a wind- 
lass and a ratchet mounted across the top of the zflume. The~metal 
siphons were installed in the mode! and held in place by flanges. The 
river outlet conduits of parabolic p~ofile were shaped from brass 
tubing, soldered into the bucket at~the downstreamend and~held~in 
place by flanges at the upper end. Each tube was fitted with a bell- 
shaped entrance (figures 5 and 6). A gage in the forebay was provided 
to measure the water surface elevation at any discharge. 

9 
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Stillin~ Pool Studies 

7. The original stilling pool apron. Visual studies on the 
original model (design I) shoved t~hat the siphon Jets produced very 
rough flow on the spillway. However, the~siphons, were eliminated from 
the design before organi~ed~testing began' The crest and the outlets 

-.~ 

Very satisfactory condition - i~n8 pool at~all 
discharges, with only the river remote*possi- 
bility of operating all outlets • levation led t0 
further tests in which a satisfactor M procedure was determined for 
placing the outletsln operation ~ith~the rese~voir~near ~' !the~iorest ele- 
vation. Outie~:l, nearest the powerhouse, was operated ~ with i-minimum 
tailwater, to represent conditions ~hen it was opened~,wlth no ~flow!in 
the river below the dam. At 5,000 sec0nd- foot'the Jet swept d~ the 
apron, over t~,e sill, and s 
downstream from the sill. 
apron (fibre 6), slight improvement was noted~:and~a aeries:of tests 
was made with the left river outlet dischargin~ at normai tailwater. A 
dis,0harge of 2,000 second-best 
aether undesirable. The return flow ont0~ithe ~pron from ~the right 
crowded the Jet a~ainet the wall, where ~ rough conditions and ~consider- 
able splash occurred. Althou~h~the i jet ~ continued downstream i~er the 
sill, very little erosion was noted_on.the streambed. $e-ndi~s de - 
posited on the apron to the rio~ht~ of the outlet. Discharges of ~000 
and 4,000 second-feet, respectively, produeed~excessive scour be~ 
the sill with an increased amount of sand deposited on the apron 
ditions were practically the same withoutlets 1 and 2 operating. A 
visual test with the two oen~er outlets discharging~gave fairly good 
re~its and indicated that a systematic operation of the river outlets 
from the center of the 
of the apron. It also 
immediately downstream from outlets 5 and 6 and ~ operatin~ theselfirst 
might produce a satisfactory operatin£, shortlsectional 
model prevented a satisfactory Investl of the river outlet 
operating program or of the depressed area, Accordingly, these features 
were studied on the I to 68 model. 

The stilling pool conditions .were studied next, with the _crest and 
the river outlets operating. With a 2 to 1 trapezoidal sill, condi- 
tions in the pool were very rough at high dlsch~rges, althou&h the jump 
did not sweep off the apron. With various discherges, the tailwater 
level was raised above normal until a good pool was obtained. This 
procedure (figure 7) was used to determine Lpproximately %~he distance 
the apron should be lowered to obtain good conditions. Results showed 
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that with the original 2 to ! trapezoidal sill the apron should be 
lowered about 3-1/2 feet. With the 7-i/4 foot, 1 to 1 trapezoidal 
sill, the pool became rougher ands slight additional depth was Deoes- 
sary to produce a satisfactory Jump. When the dentated sill was in- 
stalled on the apron, conditions ~ry 
jump forming on the apron at norm 

surface, with the 2 to i trapezoidal sill being somewhat more efficient 
than the 1 to 1 sill. The dentated s£11 ~a~s accepted as the final de- 
sign and was used during the remainin~ studies. 

S. Apron design 2. A 75-foot radius bucket appeared to turn the 
flew too abruptly as it entered the pool, The apron design was changed 
to a 200-foot radius bucket tar~ent to the face of the dam, the invert 
of the parabolic river outlets, and a 4~i sloping apron. It was be- 
lieved that the decrease in pressure on the outlet exits would increase 

discharges of 125,000, 300,000, and 500,000 second f - ly, 
are shown on figure 9, together ~th the correspondi 
original design. ~hile there was little difference ~t 
the first two discharges, design 2 produced less scour and a/greater 
depth of water on the apron for the 500,000 second'foot discharge. • 

Although this improvement was encouraging, means of further: im- 
provin~ the stilling pool action at~maximum discharge were sought. 
Two methods of accomplishing this wer tsidered, 0re Waste lengthen 
the horizontal apron either by moving sill d 
ening the sloping apron; the other was to ~ lower 
thus increasing the effective tailwater depth. 
stream would increase the cost of the spillway, 
not considered a satisfactory solution. 

9. Apron design 3. Design 3 was formed by removTng the do~- 
stream portion of the bucket and placinE the eloping apron tangent to 
the 200-foot radius buokst and the parabolic outlets. This resulted 
in a 2.094:1 sloping apron which lengthened the horizontal portion of 
the a p r o n  (figure i0). 

The action of the outlet jets with a discharge of 125,000 second- 
feet "#as practically the same as for the preceding design except that 
the more abrupt change in direction at the to~ of the 2.094 to i slope 
gave a greater spreading effect. This condition produced a satisfactory 
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Jump and reduced the impact on,the sill. An improved stilling pc01 
with less scour downstream resulted for all discharges (figure 9). 

The appearance of the stilling pool with only the spillway~dis- 
charging was improved, a very satisfactory forming discharges 
up to 200,000 second-feet. Increasing the f!~ to 560,000 second-feet 
(reservoir elevation 740.0) gave a rough water surface in the pool, 
but the jump formed well up on the apron. The resulting scour appeared 
less than with the maximum discharge when the river outlets were also 
operating. 

I0. Apron design 4. This design was formed~by lowering the 
horizontal apron and the sill of desi~ 3 two feet, to elevation 478.0. 
Flow conditions were not improved over those for thejpreceding design. 
The water surface and the scour profiles gave no improvement over de- 
sign 3 (figure i0). These results demonstrated lth~t the improvements 
obtained with the 2.094 to 1 slope were due!to!the increased length of 
the horizontal apron. Accordingly, the ic~erapron~would not be Jus- 
tified. 

Ii. Final design apron. Design 3~was cormic a satisfactory 
solution of the "s~till~ng pool problem. ACcordingly, with 
slight changes, ~s installed on the model and terms design. 
The downstream end of the apron was lowered from elevation 479175 to 
479.63, and the spacings of the denials on the sill were altered 
(figure i0). These slight changes were not sufficient to alter the 
action of the stilling pool in scour and water surface profiles from 
t~ose for design 3. 

A condition might arise on the prototype whereby a maximum flood 
must pass the dam before the river outlets could be opened. Accord- 
in~ly, with 500,000 second-feet passing over the crest, the resulting 
water surface and the scour profiles were obtained (figure 9).~ These 
profiles were practically identical with those for the crest and the 
sluices both operating. While the water surface was very rough, the 
jump formed well up on the apron, demonstrating that the apron and 
the sill were effective when the maximum discharge p~ssed over the 
crest. However, conditions should improve when~the spillway and the 
river outlets operate together . . . . .  

Piezometers were installed in the final design apron and sill to 
investigate the distribution of pressures throughout the stilling 
pool. Two rows of piezcmeters were installed, one along an extension 
of the center line of one river outlet and another equally spaced 
between a pair of outlets. Piezometers were also installed on the 
upstream face, the top, and one side of a dentate to investigate the 
existence of negative pressures. Pressures on the apron and the sill 
were obtained at discharges of 125,000, 300,000, and 500,000 second- 
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feet with crest and outlets operating, and atdischarges of ~00,000, 
360,000, and 500,000 second-feet with the outlets closedi(figure II)., 
At no discharge did any negative pressures exist on the apron or the 
sill. $tillin~ pool conditions are shown on figure 12. 

Spi llwa,v Studies 

12. Discharge calibrations. Calibrations on the l~to 40.8 ulti- 
mate model included calibration of the river outlets with the crest 
closed, calibration of the crest alone~ and determination of the dis- 
charge Characteristics of the outlets with the crest disch~rglng. 
Discharge coefficlen~ for the crest and the river outlets are shc~n 
on figure 13. From these coefficient curves, prototype discharge 
curves were calculated for 700 feet of crestand 24 river outlast 
(figure 14). These curves do not include the effect of piers th~ 
will be pre~ent on the prototype crest. At a reservoir elevation of 
740.0, a discharge of about 490,000 second'f - 
with both the ~rest and the river outlets o~ ~l- 
evation of 740.4 wa~id be required for a discharge of SOO,O00 second- . 
feet. 

13. Spillwa~ trainin~ walls. Tests were madenext 
the adequacy of t~e proposed training walls on the 6pillway, This 
w~s accomplished by recording water surface profilesalong the si~e 
of the flume.at various discharges (figure ilS). IT' " 'raSn- 
in~ walls .for the ultimate development were cons id ffl- 
clently high to pass ~00,000 second-feet over the over- 
topping the wall. ~'" 

d 14. Crest pressures. Piezometers were installs in the curved 
portion of ~the crest (figure 6) ~o determine pressures at crest di's- 
charges of 50,000, 120,000, 240,000, and ........ t 
reservoir elevation 740.O6S {figure 16). 
pressure was found to exist on ~he downst at 
high discharges. 

MODEL OF LEFT HALF OF SPILLWAY FOR ULTIMATEDEVELOPMENT 

15. Description of the model. The Ij40.8 sectional model of 
the Marsha'l~Ford ultiw~te ~evelo~pment was necessarily limited in 
its usefulness to study of the stillingpool and the crest. To study 
river outlet combinations, the effect of the training walls on the 
stilling pool, amd conditions in the diversion conduit area, a model 
was built representing half of the spillway. A model scale of I to 68 
permitted use of commercial tubin~ in the oonstruetion of tb~ circu- 
lar river outlets. With a model of half the spillway section on this 
so&le, the model discharge represented about, the maxlsmmeapacity of 

19 



W 
t~ 
tk 

I 

J, 

DENTAL MII[SSUli ' /S Im FEET OF WaTER-~OTOT~ 

0 

S40 

5~0 

• 5 1 0  

0 ~ ;  
r- i ~' ,o I 
"-J I t,~ 4eol 

900.000 S£C rT 
1'OO n O  L'~ NO linG,! ~ w 580 v J40 

DISTANCE PleOll ' a l [ iS  OIr O&M I l l  ~ I [ I [T -PAQTOTYPI [  

N K I U ~ O  I IE¢  FT 

IOO.OOO 1~4[G IrT. 

OEWlTJL ~VEI~J~[S W FEET ~Vt mlr[it.IM@TOTVfq~ 

IIOTES 
Pressure's Dee -~ f## f  O f  w o f ~ r  

P~ fo~y l~ r  
No.tool tolln, fltmr elOvOf*O~ll 

USIP~ On f/~SO fIPStS 

tO0  4 B O :  

. . . . . .  ~ . . v ~  ~ , u  w ~ m  m FEET Pl iOTOT~rII~ 

¢RGST OWLY O I ~ f I A T l t N  

EII PL A ~  r O ~  
o - - - - - - - ~ s c * e , g e  SOD.ODD s e ¢ o ~ -  f ee t  
* . - - ~ D * e c * a w t p e  MO.OOO i ~ ¢ e n ~ - i ~  
* - - . - - - - D ~ , c  JoFI le  / o o ~ .  e e ~ * f 4 ~  

M A R S I ' I A L L  F O R D  D A M  
U L T O M & T C  O E V £ L O P J t £ N T  i 

H Y D R A U L I C  ~ l [ i .  S T ( J D I C S -  ,SCALE l : 4 0 . 0  

A P R O N  A N D  I I I L L  P R E ~ U R E 8  -: i, 



F X ~  

lli.soh~ge 2 .~000  Second-Feet 

I~tsoharge S40,O00 Seoond..leeet 

Disohar~ 360.000 Seoond-leet 

Discharge 500,000 Seoond-Feet 

Scour After 500,000 boond-Yeet 

NI'XLLXNG POOL A~f~0N -P~CMAI~IZD I~SX~ 



__+.,,.-. 1 t I I I 11  I ~ 1 1  1 1 t I I I I 1 
r...L~L...[__.J ~ I I [ I T I I I  l d  L I I I I I I I  
...-1L.IIL ~,,~- . l q . . ~ . l _ l _ . ~ _ ~ 4 _ ~  L I - [ . L I E . L . L  [-1 

!-,t t-P++._~t-t---!-+--t-,-H-: :!+F!--+-~H- ~÷ 
. . . . . . . . . . . . .  ~ . , , , ~ _ j ~ , ~ _ . .  J 1 1  [ I I 1 1  

I i r !  i i ~ ~ k~ i i i r1- I - i - I  I / I 1 - t  ~l, 1 

. -~  . . . . .  r-++-+-q - + ,  . . . . . . . . . . . .  + ..... 4 - + - ,  . . . . .  t 
; : : ' b ' [ i ' ̀ ~ ' 
, ~ . +t , i t i  I I " ~ ~ - -  - -1+ . : . , ÷  • . . . . . .  ~ - A +  . , .  . . . .  : . . . . . . .  ; .  ] :  . . . . .  ++ J + J  . . . . . .  

t t t + , !  t , t ~  t ,  , - - I - iJ ,X t+ , t  
i i l  ! [ ,  : t +  L + . . . .  ~ t .  : i  I,+ ~ I-+i+ t++"II l  r++I+T 1+I++i-~ '+ ~ ~ 1  I I  +I 

l+ :+.~+ ' :  ':' :]-:+:+:++ ::+7; :;, .-7_Z-+' 7 L-:+. +++t~ . +  '..+ ~:++) +' :': , ~-+ t t +  + ' i t  ' :  : I f ,  ; + t i i-l~j t 
l - - , - ~ - .  + r  T--~ ~"'t . . . . . . . . .  F I t'-M-,, . . . . .  I ] : l " +  + : I ; : ++-'+"'~++++~"!+I i++ ! ] + l - !  ++"+"; ;'-+ 

l - i  J..+l,+,l-l+i i +..l++l.+. i,++ +:, l_J:, l . i~++l i +.-l.,l 
. . . . .  r . . . . . . . . .  I .  +++i ...... + + + + :  ....... +++ . . . . . .  ' "  

+-" I--+ +' + J----~ :,'l~. + + l + + ' I I " : : ' J i+.I:.,++.+ +_++ t+. I , : .  ++ [+ + I X  
"--J -- + . . . . . . . . .  ++'i-- j " " ; : ' + " : + : + ' + i " t + : r : I 

+ !  . . . . . . . . . . . . . . .  ' ' ' ~ f  T . . . . . .  + ' + + +  . . . . .  :++ . . . . . . . . . . . . . . .  r. ,.-+ ..- M_I  +. , U;-;: I ..,..+..+ l+: .++ :. LI ;. t+.+~ t .t+.. 
! ' , I > + : + ~ ! i + i i [ 

t::t l-t:+:t I l, + ~: U + I + "] +' : + +' + []!l ; +̀ I~[ : + + [. :l ":]'t + l::]+]:,l + t : : 
I ~ f / 1 ! t 1 i i ! ! ~ ! ~ 1 . i ' i  1 l l . l l  / 

[ - + a I I ; j i i i i ] i '+ .I!,: I,+-+It,,,+ ++-.I,+++, + +:i,+,,'+ + +. ' ' I I I ++++ 
14~AJ~OJ~O41.~ L iadP  IOI I : K ) t J . V A ] I " l i  I ~ l l I l O f l l  l ] l ~ , I O  

I t +- .t I t I ~ [ -T+T 
.F.-.-t ,,+, t"-+ 

. . . . . . . . . . . . . . . . . . . .  . . . .  ~ .__[.L__ [ " ' + - -  I "  i f+It  : J i l l  +11 ~ + ' ~  . . . . . .  + + - - ' ~  p 
. . . . . . . . . . . .  z +++,++,r.-- ,~ . . ._ , .~_ . i  _ . - , .  ,.+ ,t. __,L.  . . . . . . . . . . . . . . . . . . . . . .  

i i "  ' ; , f-FI' 

H i 

. . . .  . ~  ,.~ , , , , j ~ u  

' I .  k+ ~ . , , , . , . t ~  

• o ~  ~ ,  

I , '  ' - i " _ , +  ,,. 

,-i; ] , .  q : " "  L 

.... : ! + .  ~. , / 
| ! ~,, 

: I'~+rI+1 " r 

+ I t , 
• t 

:+ ~ + ~  ~ 

I 

..... t+.l.,t ...,:. 
t I I ~ . . . . .  ~ ' ~ ' :  

: 

l +I.i!,+. 

-r-l- +l I I ...... i ..... i t  ..... , i_ _ L  . . . . .  I ~ 2 - i _ ~ _ l . ] _  
I ~l,l, V m  

I m 

i 

i _-:ZE i : 

- T -  / I  

I• 



_Mt@ 111 

- 1 t  . . . .  : 

i I 

r - T l  . . . . . . . . . .  

7. !=~ ; 

~ - T - - ~  . . . . . . .  

L.  ~,_I t~ 

:7:Zr~- 
i 

" - " - + -  7 ~ ' ! 
..... ~ > 4  + . . . . . . . . . . . . . .  

- 7 . 4 - + - 4 =  . . . . .  - 

; I 
. .  ,.- + . - + _ _  - -  

.... ÷ . ~ . + - - . +  - - ,  . _ _  

' . . . . . . . . . . . . . .  iT 

I : 

I 

• . i -~ - -  
t 1 

..... t f -  q, 

1 ' : {  t 
, + !  f ...... ,~ t ' ! 

~ i ~  ' ~ 

k 

- .  --2 

~ _ 

. . . .  C . . . . . . . . .  £: 

il 
; !  

~ A l O l O l ~ -  l l l l l  I I I O i i t i i ' l |  | | l i t l l l l l  I l i l l l  

L l lll -4. i i i  

• ~- i~ I J j ' ~  
1 1 1  o .... 

[: I 

' 1 t  t1' 

t 11 | ,:1 , t  I . i ~! , ~ I  
kl,',,IkO,l,~ - i i | l  U I ~ l ~ i l l  | D ~ I ~  I I A W I  

L I I I t l l  . l l  ! L I 
! I  I . . . .  

t , =L _~ 

~ - ~ - +  4 - L - 4 _ ~ _ L _ L L _ ,  ! t  ~ ~ -~ 
I L I _L i ,  

"=" ~ t l  

' ~ L j . [ / L . : I  i ' t - - . ,  ~-  ] ] Z Z  ~ -_ . . . . .  " "  

: - l - r ~ F  T t q  ~ " :  ~ : 

- -+ -+ -  - - ,~L ; .  

] / , ] , I I " ! ,  _: l - "  ' 
l ~ ~ J q : i ~  ...... I T I  T F-"  " . . . .  

'[5 :l ~ . ,-L 

: -t-'r - '  " "  

..!-L 
i |  . . . .  1 " ' i "<""  . . . .  t 

" ~ -  - " " "  I . . . . . . .  ~ t  I ~ i tl 
r, q ] ~ : ,  I ' " 

- F F  !-  :1 ~ ~ F -r-!  ~ 7 i! . . . . . .  ": ~ ~ . . . . .  . . . . . . . .  i I I  i | - 

. . . .  . . ,  _ _ .  ~ i ' - : 1 1  

. . . . . . . .  i].~,~ I_[ :i]i[. _~t:_i- ] I~ " '  l I 

O i l  l l ~  < 1  

t I I  r - -  . . .  . 

~ ~ i  . 



FI 6URF., 15 

7 4 0  - - • 

720 k . . . . . . .  

7001 

>-  

I -  
0 
I -  
0 

,L  
LU 
W 

Z 

I - -  

W 

500 

480 

' t "  

seo i  . . . . . . . .  

I 

. . . . . . . . . . . .  

600 ~ .......... 

i 

l 

k .  ° • . ~  

5 8 0 ;  . . . . . . . . . . . . . . . . . .  

l _ 

560 T 

- . . . . . . . .  , . . . . .  , 

540  t -i ................................... i . . . . . .  

t 

I 
f 

. . . . . . . . . . . .  ~ . ~  ~ : . . . . . .  

. . . . . . . . . . . . . . . .  , : . . . . . . . . . . . .  : : - . !  . _  

E X P L A N A T I O N  
. . . . . . . .  i INITI,~L DEVELOPMENT 

. . . . . . . .  Reservoir" etevotton 670~ 
• " ~ ' ] ULTIM~"T~ D E V E L O P M E N T  

~ C  ~ . Q "  soooo 5econO-fee, 
! ~ i :  i ~ - -  " O .  , , oooo  S,¢oo,  f ,e,  

. . . . . .  Q • 290,00c, Second- feet 
~"~'~ T T I " - -  --Reservo~,.-elevotion 740 

,,, ; :..;, t .qPDro~IRes:EI. 7.~5.5 - 
k ~ ' ~ i  . . . . . . . .  o.,oo.ooo , ,oo, ' ,ee,.  

] 

I 

j , , \ \  ! . . . . . . .  

~ - k  . . . .  , . . . .  

k\N',k . . . . .  ~ ' ,  . . . .  . . . . . . . .  ,, . . . . .  ~ ,  

. . . .  ,l 

t 

- 2 0  0 

) 
. , , • . ,  . . . . . . .  

i 

. °  

t • 

1 4 

_ l 

20 , 5  ' 6o' ' - B Y -  . . . . .  ; ' ~ ,  . . . . . . . . . .  " ; ~ ~ -  . . . . . . .  " ~ 6  - - ~  ,6o 
D I S T A N C E  FROM A X I S  OF DAM IN F E E T - P R O T O T Y P E  

L . . . .  ~ . L  . . . . . . . . . . . . . . .  : 

i : _ ~  . . . . . .  ] 
180 200 220 

M A R S H A L L  F O R D  D A M  
HYDRAULIC MODEL STUDIES .SCALE 1:40.8 

WATER SURFACE PROFILES ALONG 
TRAINING WALLS 

~I:-G-D.ML. 1-30-37 
,, 2 4 9 ~ D ' 1 0 8 4 1  



" 

i I ̧ i i ! i ~ ~.~ i.'~ 

. . . . . . . . . .  ~ i . I . . ':: i : 

• i 

........................... S:_~. ...:._~.i.~....~_. _: ..._ 

I ~  . . . . . . . . .  k ~ e ~ e  

. . . .  • ~ e ~ ~ 6  Q . . . . .  

. . . . . . .  . ° . . 

• . . . . . . . . .  ° . • . ,  * 

• • ° . . , , , • . . • ° 

. . . . .  . o • . 

o ° , ° . . . . ° ° + .  

: : ; : : :  ........ ,f 

: : : : : ; : : : . ' 1  

..,~_/_! ; 
/ I 

! 

I . i := ~ : 

. "t'.> i } 

I r 

I 

i I 

J 

e ~  J O  I'mV'- 

i 

I J 

L 

. o 
o 

~ @ 4 ~ O ~ q l - & I J d  I I0  I ~ a A V A D ' I i  

e • o 

J 

*- ql 

Jj 



+ m + + ~ )  . h .  + 
:++++++ "!+ 

"l+iJ ++ • ~ I - ,  

• " , + + i + ) + I i + + + + 
, • , + . . . . .  ! p . , ,+ + + ,  0 . + + , +  • +L , + . + . . ~ +  + + +  

: ~ + +  . + , +. + + + . . +  m 
• + + ,  ) + • ) . ) ,  + +  . 

. : > 

• ' ° " " " ' ' • ' 7 + "  " + +  • + " ' ' " ) ' ~  

, . + +  o + . . , ,  . + ~  

. . . . . . . . . . .  ~ . . . . .  ;++ . . . . . . .  - ; . ,  . !  

• . + , , , , . . o , + + + +  • , + +  + , +  + . . . +  • . + + .  • , + . +  ~ . + ~ . . ~  + + , ~ +  

• . • . + • • . . • . + , + . +  . • ~ .  + + . . ~  

• . ° , + • . + . • • ° , , + + + • . • j ~ . + ~  

. /  

• , . . . , , . , , , ° . . , + , + + +  , .  

• . . , o . + ° , + o . • + o + . ~ 

) . . , ° ° . ° . . . , ° • . . . .  ~ . +  + +  . ~ 

, , + , ° , , . . , . , ° , ~  • o 

, , , , . , , ) , + • , ° + + ° 

+ 0 ~ ° ° + 0 ° + o  

. ° , , + 0 + 0 . +  

0 + 0 + + ° . + . + o  

J 

. ~ . , . 0 ° + .  

, , ) . + 0  

I I 

I 
! 

• ,, o 

+ ~ • 

+ • . . . + + , .  + 0 +  . , . . .  + . , . _  _ _  

• , .  . . . + . . , )  . +  + )  

t + i 
• .+ ) • . .  + + • + + +  + +  + +  • +  . , + ~ +  ~ + _ + + - -  

i +  + + 
• + . .  • + ° + ~ ,  . + . . ~  < . . . . . . .  ~ , . . ~  

• . + °  , , ~ ,  + , + . . . + . .  ~ .  . . . . .  ~ , 6 +  . . . . . . . . .  ~+ . , 
+ . .+ 

. . . . . .  ,+ + .  ; . . . . . . . . . . . . . .  , + . . . . ~ + . . + . t , . - + _  

) • +  , .  • . . .  • + + ,+ • . . .  , , ~ ,  . + + .  + . + + . + . . . + ~  + +  + . , + + . + + + , < + + - -  

+ + p + 

. . . . . . . . . .  0 + °  • + : ~+ + + - ~ . + + ~ . + . _ +  ~ o +  , . +  + . . . . .  

+ 

. ., + . , + , .  ;++++_-  
• o + • • • + , ~ +  . + +  . , .  

t +, ] . . . . . . . . . . . . . .  i +++~" ~ . . . . . . . . .  

- , - i+~  . . . . . .  -. + .+ , .  + ,r+ - + -  ++~ . . . . . . . . .  + + , . ~ ,  . . . . . . . . . .  . . . .  • . . . . . .  r.- .+,~:: ,+-++-7 

+ + : , + t , + ~ + 

+ ++++ 
~ / !  - ~  + ! ; + t + 

"B-~ / +  i I t '  ) ! 

"- °- 8 ~ -" "- 2 Z " +" 

l d & , J l ,  O J I ,  O I N l - , , l l + l l | d  N O  I O l A g l ~ J " l l l  



4 , C  ~TI~ 

t h e  l a b o r a t o r y  ,~mp and s u p p l y  ' s y s t e m .  

Two metal-lined tanks (figure 17)were constructed; one to provide 
a forebay for the model and the other to contain the topogrmphy~down- 
stream from the dam representing half :of the wi dthof ~the river bed, 
with a reach of 800 feet. The topography was molded in ~uxl. A gate 
at the downstream end of the tailrace tank controlled the ~tsilwater 
level, and a hook gage measured its elevation, i The forebay frank was 
connected to the laboratory supply . s y s t e m  and fitted wlth~affles ~tO 
quiet the inflowing water. A forebay gage~was installed so that the 
reservoir elevation could be measured. 

The model was constructed of angle-iron bents covered ~ with~ sheet 
iron (figure 18). The 2.094 to 1 elope'~s installed on the apron,~nd 
connected to the spillway face by, a 200-foot radius~ bucket. The hori- 
zontal apron extended from elevation 480,0 at 'its upstream end to i 
elevation 4?9.75 at its downstream extremity. A desisted sill, with 
dimensions proportional ~o those for the first sill ;used !on the 1 to ~ . 
40.8 ultimate model, was ~inst~lled at the end o f  ' "  ~ourteen 
of the 24 river outlets were installed in the m , possible 
to represent either half of the sp ;s were 
fitted with bell entrant ' "" ere i..para- 
bolic curves tangent to, e , t h e  

inverts intersected the swore fit- 
ted with small g~tes near the upstream end so ~w combination 
could be studied. The outlets were numberedf right, l o o k -  
i n g  downstream. ,:- 

downstream from the sill (figure 17). s 
placed on the left side of the apron (f: con- 
sideration was being given to operating rsts 
when the outlets were brought into operation at minimum tailwater and 
high reservoir elevations, that portion of the horizo 
mediately downstream from these out late was placed at 
t o  provide deeper tailwater. ~ 

16. River outlet atillin~ basin. With oniy outlets 5 .and 6 
discharging into the depressed s~i'iling baslnat normal tailwater~ 
the flow conditions were not satlsfaotor~.-" Severe return eddies on 
each side carried sand and gravel upstream onto the apron ~here it 
would have caused severe abrasion in the prototype. Low, interme- 
diate training walls (design i, figure 19) were installed on each 
side of the depressed basin. With a total discharge of 5,000 second- 
feet through the two outlets, little scour occurred at the toe of the 
sill although some sand was carried onto the left portion of the 
apron. When the discharge was increased to I0,000 second-feet, the 
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erosion was materially increased, with sand being carried onto the 
apron on each side of the stilling basin. An undesirable grinding 
action on the apron was produced~by a large ~irl on the right. A 
large amount of sand was deposited on ~ the downstream left portion 
of the apron, completely ccverin~ the sill in this region. With one 
outlet discharging 5,000 second-feet, conditions improved but were 
still undesirable. 

Consideration was given to the posai tyof opening either 
alternate cutlets or even every third outlet ~hen 0Utlets were placed 
in operation. Further study ~s deferred, ~ hc~eve: untilotherd, ~ 
tails in the stillingpoolodesignwere determined The~depressed ~ 
area was removed to permit these other studies. 

17. Location of diversion conduits. At 
construction, according to the s~cifications, 
in the ultimate development wouldbefilledwi 
7, 8. 9, and I0 in the modellwere closed to re 
Visual observations demonstratedthat with the 
disch~rgln~, good conditions in the pool coul~ 
low training walls were p 
apron immediately downstr, 
to place the diversion co! 
since only one intermedia 
This condition was represented by closingoutlets 1, 2. 3~ and 4 in- 
stead of outlet~ 7. 8, 9. and IO. 

To facilitate testing, the irtermediate training ~lls werere- 
moved, it being planned to develop the correct shape for these wails 
a/%er the conduit locations had been fixed. Observations weremade 
with various discharges passing the dam; first with th~ diversion 
conduits on the left end of the spillway and thenby repeatin~ the 
tests with the conduits located according to the s~cifications. The 
left training wall deslgn had not would 
have an effect on the stilling poo . ob- 
tain comparisons. Trainin~ wall designs I, 2, and 3 were testedunder 
the above procedure (figure 22). ~ ~ 

Stil!inz pool conditions were~ always ~better ~en the diversion 
conduits were located accordin~ to the specification drawings, With 
the diversion conduits on the left end of the spillway, a strong re -- 
verse current deposited sand in the powerhouse tailrace, This condi- 
tion became worse at high discharges when water be~n spillln~ over 
the training wall onto the hydraulic jump. Raising the top of the 
wall to the maximum tailwater surface did not eliminate these unde- 
sirable conditions, demonstrating that a slopin~ trainin~ wall could 
be developed which would give satisfactory conditions. Location of 
the diversion conduits aooordi~ to specification drawings would con- 
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sequently produce a saving in cost of t.~ large training wall which 
would partially compensate for the necessary additional intermediate 
training~ i mall. 

18. Intermediate training wall studies. The complexity of the 
stilling pool problem did not permit the independent development Of 
any particular feature. While the initial tests for the location of 
the diversion conduits served their immediate purpose, they also 
furnished material for t}~ design of a better training wall on the 
left side of the spill~y. A new training wall (design 4, figure 22) 
was placed on the left of the spillway. This wall was near enoagh to 
its final shape so that tests to determine a design for the interme- 
diate training ~lls could proceed unhindered, The powerhouse wall 
was installed before testing was started. 

With no intermediate training walls, an upstre 
apron toward the region of the diversion conduits o~ 
the apron. The flow then +divi .......... mvding the 
outlet jets toward the sides o A discharge 
of nearly 500,000 second-feet +ed to pre- 
ven~ thiz ~+~urn flow. Necess ~inin~ walls 
was obvious. ~ests were made to'determine the design of thesewalls, 
usin~ discharges of 130,000, 200,000, and240,000 second. 
tively, since the stilling pool conditions were most unsE ~+ 
thoso flows. Five designs were studied before an acceptable one was + 
evolved. 

In design I, low training walls with their tops horizontal at 
elevation 497.0 were placed on each side of the diversion iconduits i + 
and extended from the 2.094 slope to the downstream extremity of the 
sill (figure 19). Conditions were somewhat improved but still re- 
=mined unsatisfactory, the general flow conditions being similar to 
those with no walls. Above a discharge of 200,000 second-feet ~he 
spillway flow was sufficient to produce an acceptable pool. 

Design 2 w~s formed by adding triangular pieces 
portion of the walls of design i to preven~ the exoes 
the walls o~to the Jump in the upper end of ~ the pool. These additions 
extended on a 6.46 to 1 slope, from elevation 517.O at the bucket to 
the horizontal ve~ll at elevation 497.0 (figure 19). Elevation 517.0 
was chosen as the m~ximum elevation of the wall, since this will be 
the tailv~ter for a discharge of IS0,000 second-feet. The top +of the 
wall next to the spillway face was beveled to minimize interference 
with the flow down the spillway face. This bevel was used on -11 
subsequent tests. Higher discharges over the crest prevented exces- 
sive flow over the training walls near the face of the spillway. In 
this design stilling pool conditions were much improved over those 
for the preceding design. With a discharge of IS0,O00 second-feet, 
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the Jump ~as improved and leas .sand was carried onto the apron. SlSg]%t 
improvement was also noticeable at a discharKe of 200,000 second-feet. 
At higher discharges no difference could he'detected. 

The walls downstream from the intersection of the ~6~446 to i slope 
and the horizontal portion at elevation 497.0 were removed, reaultin~ 
in design 5 (figure 19). With discharges of 150,000 and 200,000 second- 
feet, the undesirable whirl on the apron was more 
in~ sand well up on the apron. A flow of 2{0,00C 
the same characteristics as the preoedin& designs 
the sand deposited on the apron was removed. 

The training walls for desi eleva- 
tion 517.0 extending 51 feet out sense 
on a 1.995 slope to the horizontal apron at elevation~480.O'(figure 19). 
with this design the whirl on the apron w~s distinctly worse than in 
any previous trial. When the discharge was 
second-feet, the sand deposited on the apron 
mOYe d. 

Comparison of designs S and 4 with design 2 showed that the exten- 
sion of the walls downstream to the sill materially improved~the hy- 
draulic Jump. Design 2 demonstrated the advisability of building the 
walls higher near the bucket. These two iideas were combined indesign 
5 by sloping the trainin~ walls from elevation 517.0~iat the bucket to 
the top of the dentated sill (figure 19). Good conditions were>0b- 
rained at a discharge of I~0,000 ~ some sand carried 
onto the apron between the walls. ~oover~the walls 
did not prevent a good Jump from forming. I 
taan for design 2. With higher dlscharges, 
tions existed as with deeig~2. Since these 
appearance and their flow conditions were satisfactory, thisdesign was 
chosen for future tests with other spillway featuzes~ 

The left training wall design was f~Y-~ -~ ~ was installed on 
, the model with piezometers on both side~ intermediate 

• ~'S training wallo Pressures were obtained -.J~,- ~ . . ges of ~125,000, 
t, respectively, '.'.~ .200,000,. 300,000, 400,000, and 500,000 seoond-fee(figur e 21) were with 

"'.~Woutlets 7, 8, 9, and I0 closed. These pressures used 
in the stress analysis on the design of the walls. " 

19. Studies on left tra/nin~ wall. During the tests to determine 
the correct location of the diversion conduits, studies of left :train- 
ing wall designs i, 2, ~nd S (mectiQn 17 and figure 22) indicated the 
need for further development of the trainin& wall to pz.event adverse 
flow conditions in the stilling pool. While better scour condlticns 
existed at the toe of the sloping wall of design 1 than for b~ other 
two walls, with discharges up to 300,000 second-feet, water spilled over 
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the walls from the powerhouse area, c 
trainin~ wall. Test results obtaine~ 
of a slopin~ wall with its upstream 
maximum tailwater. Design 4 was a w~ 
elevation 548.0 at the downstream fa¢ 
530.0 at the end of the apron (figure 22). i th :the~end 
of the powerhouse in place, was used in connection ~Ith the studies on 
the intermediate trainin G walls. After a sa" 
intermediate trainin~ walls had been develop~ 
model, testin G was continued to obtain an~im 1 
trainin~ wall with all discharges. The fl0w 
stilling pool were ~ood. "A small ,amount of sand 
powerhouse tailrace, and a hole was scoured at the downstream toe ~of 

desirable to determine how much the ~ ............ ;ion 
~here the difference between spillwa~ 
tailrace water-surface elevations wa~ ~v- 
in G in construction costs, i ' / ~ ,  

In designs 5, 6, and 7, the downstream . . . .  " °  

lowered progressively to elevations 521.5, 5 
steepenin~ the slope of the wall (fi 
300,000 second-feet no difference co 
4 and 5. At a discharge of 500,000 second-f, 
over the wall onto the jump, - " 
pool. Tile hole scoured at t~ 
not so deep. With design 8, 
at a discharge of 500,000 second-f~ in 
the scour. '~quile more water spill~ when 
the discharge was increased to 500 very 
satisfactory, with less scour t~han do- 
jectionable hole at the end of the 
Design ? produced conditioris differln~ but little fr0mii~th¢ 
6. The increased slope on t~ wall ailowed more 
the hydraulic jump from the powerhouse tailrace, 
not noticeably affect the jump. ~ A slightly ,Increased amount of ,sand 
was carried into the tailrace at the higher discharges. Scour condi- 
tions were vet 5, similar to those in design 8. 

The tests demonstrated that the trainin~ wall =hould be built to 
elevation 548.0 in the re~ion of the powerhouse, with a isloping down- 
stream ,..~tension. Both designs 8 and 7 were considered satisfactory 
solutions, with scour conditions slightly better with design 8. 
Slate the tail,~ater will be at or near elevation 505.0~a large portlon 
of the time, the wall with its downstream extremity at elevation 513.0 
would present a better appearance than one whose downstream end would 
be submer~ed a portion of the time. Design 6 was altered slightly'by 
construction considerations and accepted as the final design. 
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The final wall extended level, at elevation 5 4 8 . 0 ,  a distance of 
20.6? feet downstream from the face of the powerhouse, thence on a 
4.049 to 1 slope to elevation 518,0 on the apron, The model wall lwas 7=: o 

• ~ ~ a ~ n e d , a t  discharges of'125,000 200000 
300,000, 400,000, and 500,000 second-feet res active . ' ~' ' . , P ly Water surface 
profi=es along the sp~llw~Ay face of the wall were also measuredat 
these discharges and are shown, together with the pressures, on figure 
23. Water was admitted into the model powerhouse 
were obtained on both sides of the wall in this-re 
tions with the final design are shown on flgure 24. 

20. Diversion conduit studies. After r- 
sion conduits, the type of intermediate trai 
of the left trainin~ ~all had been determine I 
were installed in the model to determine the 
tics. In previous tests the intermediate tral had been 
placed with their outside faces along construe ~ _ s in the apron. 
To strengthen these walls by ruskin& them part of a T-beam, they were 
moved in toward the diversion conduits. This necessitated movir~ the 
conduits closer together than was proposed in the original specifica- 
tions. The revised conduits were installed in the model and the ~ 
dentates for the sill were respaced in accordance with the new training 
v~ll locations (figure 25). 

21. Evacuation of the reservoir storage thrcu~h the diversio,, 
conduits. It was originally planned t'hat time o~ compYetion between the 
of the initial dam and that of the ultimate structure the t~ diversion 
conduits would be oden bulkheads. Each bulkhead 
contain two 3- by . to be used in the evacu~tl¢ • 
water in the extrem~ bottom of the reservoir after most of ua- 
tion had been made through the river outlets. The studies of the l 
diversion conduits were made on that assumption. L~te: 
changed, whereby the diversion conduits were not closet ase 
on the addition to the upstream face of the initial conetruction had 
been poured to a point above the intake to t~e river outlets and the 
diversion could be made t.hrough them. The diversion conduits were then 
plu~ged permanently. 

To provide hydraulic data for the original plan small plates, with 
holes in them co represent the small 3- by S-foot gates, were placed 
over conduit entrances of ~the model to represent these bulkheads (fig- 
ure 25). Observations wit~ii%he m~all gates discharging when the reser- 
voir was below the invert of ~he river outlets showed that satisfactory 
conditions existed either with or without the intermediate training 
walls. A ratin~ curve was prepared for the fotu- 3- by 3-foot gates 
(figure 28). 
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22. Diversion. Investigatlonm of the f l ow~cond i t i ons  t h r o u g h  
the diversion co~duits durin G the proposed periodoof~ construction of 
the second stage, acco; 
of the diversion condu~ 
invert of the river cul 
inG walls. 

With the intermediate training walls in place, discharges in the 
region of 5,000 second-feet Gave ~satis ~actory stilling pool conditions. 
Very little sand was carried c ~i,'~,,,,, 
occurred downstream from the s 
~4,500 second-feet, the pool~ .- 
the amount of sand 
second-feet, which 
conduits with the r re an 
increased amount excessive 
scour below the ~ t if ~the com- 
plete model were thor to the 
right and would be reduced in intensity (figure 27). 

The intermediate training wells were r 
peated. Discharges of 5,000 and 14,500 se 
gave satisfactory scour conditions downstre • 
sand carried onto the ~apron than ~ 
charge of 38,200 second-feet ~ave d 
when the walls were in place, w ~t 
of sand deposited on the apron, the 
sill. The heavy scour downstre 
apron had been included on the model, since theadverse currents In the 
stillin~ pool would then have been reduced. These studies indicated 
teat the intermediate training walls should be installed durin~ con- 
struction of the low dam. 

2~. River outlet studies. Studies on the 1 to 40,8 model to :de- 
termine some "satisfactory pro&ram for brinGin~ the river/outlets~intc 
operation with a full reservoir and a minimum tail~ter were unsuc- 
cessful. Initial tests on the 1 to 68 model with a stillin& basin 
downstream from outlets 5 and 6 also ~ave unsatis~factorY conditions 
when various programs were investigated. Observations on the models 
have shown that after three outlets are in~peration the tail~ter is • 
sufficiently deep to prevent excessive erosion from any additional 
outlets that may be opened. 

A transition at the exit of the outlet was developed which could 
spread the jet more evenly over the apron (figure 28) .  Original 
recommendations were tlmt three alternate outlets, between the left 
intermediate training wall end the left spill~y training wall, be 
constructed with this spreadin~ e~it and opened first when plaoin@ 
the river outlets in operation. By the time the desired sPreadin G ...... 

- o- -. - . o . - .. ! 
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FIGURE 27 
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