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] I'OREw ORD Ryl

The hydraulic nodels:for tha deaign of Marshall Ford' Dm, ‘a8 { £

‘desoribed in this report, “wWere ‘desigmed ‘and tested .esd ‘the model -

studies were made in the Fort: Gcllins, Golorado, lgboratory of; thgﬁf‘;

‘Bureau of* Reolamation.under the: superviaion of James W, : Ball,-
Associate Engineer, by J. M.. Buswell, R.: Ao Goodpasturo, K W.g=3”
.Brewor, and D. Mo Lanoa:ter, Assiatant Enginaars. va“ e L
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B UNITBD STATES ci
DEPARTEENT OF THE INTERIOR
BUREAU -OF RECLAMATION

Branch of Design and Cbnutruution : ﬂLaboratory Report No. 152
Engineering and Gaologioal Control _'trHydraulic Laboratory
and Reessarch’ L

Denver, Colorado . =' | ': ‘ "” COmplled byx' R A Goadpaature lf“ -

September 25, 1944 | ‘ o ;_f[Roviewed byl J L. Warnook

Subject: Hydraulic model studies for the deSLgn of Marshall Ford Dam - gff'”“

Colorado Rivar project Taxaa.

INTRODUCTION

1., Introduction. The Marshall Ford Dam, a par'sof the Cnlorado
River project, i1s located in the Colorado River .in'Texas. about 12 i
miles northwest of Austin (figure 1) The. dam will provide flood. oon—lﬂ;
trol and power development. . The main: portion of the dem is: of ‘the '
concrete, gravity type resting on bedrock with an overflow spillway

distance from the river.

The dam was canstructod in- two stagea, whlch will be referred to
in this report as the initial and the ultimata: developmant. The ini- '
tial development spillway had ‘its crest at elevation 540, OO, while the
crest of the ultimate dovalopment spill way 1. at: alevation’ 714.00
(figure 2). The additional height was- g&inou by placing the: upatream
face of the high dam about 60 fset upstream’ from the:face .of: ‘the. low. NS
dam, making the plane of the: dnwnatream face of the" dem- ‘Gommon to bcth R
struotures. An ogee crest tangent to the 0. 75:1 dommstrean face wag

designed for each structure. Piers were not: inatalled on the: initlalNuﬁf_
spillway creast, mnking the net length of this- ‘orest 30 reut longer than

for the ultimate dasign.. Pertinent datn for the layout of tha apill-;,_{'
weys are outlined in table I. ' o , _ R ‘ -

 TABLE[I" |

‘Initial Dam | Ultimate Dam

Crest elevation R 640.0 op 714 0
Maximum reservoir water | AT
surf{ace eleveation 870.0 ‘ 740.0v
Maximum head on spillway R :
orest 30.0 ft. | 2B.0 . f%t.
Desipn hsad on spillway : -
orest ' ’ 30.0 ft. 30.541 f¢.
Net length of spillway 730.0 ft. 700.0  ft.
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The propoaed 5t1111ng pool was a horizontal apron ccnnected to
the downstream face of the dem by a: 75—foot radius bucket and: a_;“_“”'
aloping apron. A 8ill was placed at the ‘end of the apron’ to 'masist -
in dissipating the energy in the spillway flow. Training walls were -
provided on each endof the_ spillway stilling pool to confine the '
hydraulic jump (figure 2) \ :

The first design of ‘the ultima*e development provided 28 lndivid-__;_Lﬁ

ual siphons with their exita resting on. the crost of the 10w dam.:j-_;'

River outletu 8 feat 6 inches in diamuter Were prov1ded 80 that I
the structure would ‘gserve. properly ‘the funotions .of flow: control. “The

spacing between conduits: would: allow 28 rivar: oatleta 4o be’ installed _.‘f'

in the splllwey sectlon; however, "4 outlets were omitted near the - _
center of the left half of the" spillway to: prov1de space for two 26-9

foot dimmater diversion' conduits., Thase dlversion conduits passod ‘the
river flow during’ the construction of ‘the .low and’ the high dams,‘after
which thesy were plug,ged with conarete (f:,gura 2)*‘: s

2. The models.. Sinco the same stilling pool was uaed forfbath
dams, the design was necessarllj hasad on action: Tor the more savere
conditione that were axpacted %o exist. after. oompleulon of: the high
dam. AS a consequence, most of the model testing was confined to tho

ultimate development. Rasults of teats on four separate models, onver-"“

ing various phases of the- project JATE. presented in:this. report..¢The;_
models discussed are & 1 to 40.8 sectional modeli of tha. ini‘}al a8t
& 1 to 40.8 sectional mod.i.-of ‘the. ultimate spillway,‘a 1 to'SBJmodel
representing half of the ultimate unlllway, and a l to 25 5 model of
one river outlet. EER : o

3. Summary of tests. Tests on.: ths 1;40 8- model of tha spillway
crest of the low dam showed that with the reaervoxr at: elovation
670.2, areas of reduced pressure existed on, tha crest. Sinse: this EE
pressure was nevar greater than ‘one’ pound por; aquare inch’ below atmos-:rf

pheric pressure. and would be present for: only short- periods, ‘the: ccn-f‘;ﬁ;]
dition wms mot considered aritical., Heasuremonts ol the th;ckness oft

the Jat flowing over the crest of. the: low dam at mnximnm diacharga 7-_‘ i
indicated that the height of the proposed trainlng wall should ba 1n—."
creased. S ; .

The ultimate devalopment crast oparated sa*iufaotorzly at all f:ﬁ‘
dischirges after the-siphons had been oliminated from the d351gn. 5
With the reservoir &t elsvation 740.0, a vary allght negativa pressure’
ocourred on the downsiream extremity of the crest. With water (lowing
over the crest, the discharge of the river outletsremained about con-.
stant. Calibration data was obtained from the model with the river
outlets and the crest cperating separately and togather.

_ The stilling pool studies demonstrated that a 200-foot radius

4




bucket with a 2. 094 to 1 slope to the flat apron at elevntion 480 0 -
wes superior to the original 765=foaot:radius ‘bucket and the ‘flatter. Chn
4 to 1 slope. This change in slope: rosulted in e saving in conareta F
and a longer horizontal apron. Lowering the . horizontal apren- below
elevation 480.0 did not materially improve the stilling pool aotioa,f
A dentated sill at the downstream end of the horirontal apron pro= ...
duced better conditions than either: ‘the or;ginal 2 %0l trapezoidal
8sill or a 1 to 1 trape:oidal 811l1. The dentated 5111 wasg romavod

from the entranse of the. “pool suffioiontly to- prevent any areas of
greatly reduced pressure on the dantatest‘ ;¢ g. B ~

Investigations on the 1;68 model of the ultimate developmont o
showed that the location of the diversion. conduits WA s . satiafactory.-
Intermediats training walls, sloping from ‘elevation 517.0 at the . -
bucket to the top of ‘the 8ill, on each side of the diverasion’ ‘conduit -
wero found necesdsary to _prevent undoslrnble stilling pool currents S
when the spillway end the outlets were operating.‘;g '

Operation of the. diversion conduits in a ‘manner rapresenting the”‘
diversion period during construction iof ‘the high dam demons trated _
that conditions were bstter when the intermadiate ‘training walls. waraff

in place.  The diversion conduits were. rated 80 that thexr aapaeity
might be known for any reservoir elovation.;ucﬁ i

The more severg. atilling pool conditiona exlsting with the hlghf;Q
dum were used to determine satisfactory training walls on each end .
of the splllway. The originsl left traxniug wall: design ‘was' unlatis-gi _
factory at high discharges becnuse .of - the. exaossive flow from. the -

powerhouse tailraoe.over the wall. onto the” hydraulic Jump. The finaifl' 

designed wall, placed at elavation 548.0 with the" downstrean portion
on a 4.049 to 1 slope’ ending at elevation 513 ¢, gave satisfactory
stilling pool conditions.4 B R St e

The or1ginn1 tralnlng IBll on the right end of the spillwny did
not extend sufflcientlj far downstream to prQVent an-undesirable. whirl
near the right bank. A trapezoidal extanazon on the end of ‘the wall
removed this condition., The findl 'wall was made similar to the’ left
wall in appearance. Where the.’ rock -level ‘was higher than the ‘aill.’
alevation, a 3 to 1 cut on the rock oxtending from:the. 3111 downstream_

was {ound more desirable than the.l to 1- alope orxginnlly propoaed., R

The backfill behind the iraining wall was severely eroded at high dis~
charges. Accordingly, it was reoommendad that the sloping portion of :
this backfill be riprapped.

The problem of bringing the river outlets into_oper&ticn‘at‘high‘
reservoir and minimum tailwater slevaticns was solved by installing
sproading exit transitions on outlets 10, 12, end 14. It was deter~
mined that the most satisfactory operating pregram would result when
these outlets were operated first, in the order named, snd then the

5




remaining even—numbersd outlets openod. from left to' right., The odd—.‘ {"

numbered ocutlets could then be openod in any deaired ordor. SRR

Btudies on the 1 26,5 model of “one river outlet ‘were primarily

for the development of a satisfactory spreading exit for three - of - the "'”“

river outlets to be opened Tirst when bringing the ‘outlets. into -
operation with & high reservoir elevation and low tailwater: level.‘
Such an exit was evolved and ita operating oharuoteristica ware
studied. ‘ ; A :

Observations and prausure mﬂnsuromantu on- the circulnr rlver out-' :

let, when fitted with the spreading exit, indicnted that under full
capecity better conditions resulted when the air vents wore olosod._

With reservoir levels betwesn elavation 551,78 and 610 0, the. airx;ﬁ. ' ."
vents produced an. objectionable pulsatlng flow through thei utlet. ho-"

cordingly, it was recommended that valves'he. installed ‘inthe -
lines to control gates and that thase valves be closed when;the gates‘-
are completely opan. o B R ; _

MODEL OF INITIAL D?VELOPMLHT

4. Tho spillway crest. While tne greater portion of the modal

studies were made on the ultimate. development, .80M6’ features: made . ;
hydraulic model investigations on the low dam’ deuirable‘“‘Thu teats‘a“_.
concerned mainly the crest of this. structure. ‘A 2-foot sectional
model of the erest of the low dam spiliway was’ uilt on-a scale_rntloq*'
of 1 to 40.8. .This model was installed in.a matal 1ined flume .son
nected to the laboratory. supply- systam. A gage wag installed up- .
stream from the model so the head on the" crast could be recorded’ au__f?'

y discharge. The model 8tilling pool was not constructed,_51noe '

thlB problem was cnnsidered only. in- conneation with the. ultimate de—_ t‘.
velopment. Piezomaters warae - installed on the- orest for measuring thefk"

pressure on the eurface of - the orest ‘at. variOus discharges (figure N
3). S o e A R

5. Tests and fésults. Piezometor pressures on the orest were g
obtained at discharges. of 60,000, 120,000, 180,000, 240 000, 300,000,
and 360,000 'second-feet, ruspcctively. Pressures below atmospheric .
axisted on part of the downstream portion of the crast at maximum oo
discherge (reservoir elevation 670.2).  The maximim inten:itj of this‘
negative pressure. was two fect of watar (figure 4), '

The disuharre-coefficient curve obtained for the crest (figure
4) shows a maximum of 3.948 for reservoir elevation 670.0. This: ‘high
efficiency was duse to the reduced pressure on the downstream,partion
of the crest.

With s discharge of 500.000 second«lest pahéing o&af the crest,

6
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a profile of the water surfaca ‘WaSs taken along the faoo of’the dnm.~«
This was done to determine the. necessary helght of the training walls .

(figure 15). This profile shows that no freaboard existed, the’ nntar" e

surface ‘just reaching the top of the wall in one’ Place. 'No'do
entrainment would gause: & highaer wnter surface, but” suchfa? ondition _.:
would exist . only for the low: dam, 80 ths oceurrence was not . oonaiderod .
critical. Moreover, the occurrence - of floods of this magnitudo IIB
oxpected to be very: infrequant. g ST A

STUDY OF SPILLWAY AND STILLING POOL
FOR ULTIMATE DEVELOEMENT e

_The spiliway. model. Design of tho stl}ling hasin for ‘the
Harshall Ford Dam necessarily depended on ‘the: more% pvere oonditions :
that would exist efter- oompletion of ‘the ultimateW ovolopmnnt-- A model

of the ultimate development was therofore g1Ven aarly consideration. . '- S

Three methods of flood regulation inione structure mmde :tha: utilling
pool more complicated: and. ‘except for the’ uiphons, pointed to LE amnll
model -including:as much of ‘the: prototype ‘as’ possiblo;= Ver,: c
subatmospheric pressure: preaent An: aiphonlc action ‘made q!large-aoale :
model. desirable.  Accordingly, a sectional model repraaenting 105 feet -
of orest on the left emd of the daniwas eonstruutad including four :
siphons and four.river outlsts. ‘A scale. ‘ratio; of '1'tc 40.8° ‘vaa: chosen o
to permit use of commercial: bruas tubing in. constructing tha;outlats. o
This model required ‘s flow abOut aqualfto“the*mnximum“capac ;

leboratory pump. Lo ol

A metal- linod tank 11 feat long, 2. feet 6=7/8 inches wide,.énd
8 feet deep was oonnected: b‘r ' flange to..one of the: 24-1nch.uonduita
of the laboratory supply system.  The: upstream%face of ‘the. model dam
was installed at one end of the tank.. “The-model understructure’ was
8 framework of welded ‘angle iron surmounted by ls-gage galvanized  “
iron bents shaped nea.ly 40 .the crest. outline. ‘A covering of. Zo-gagav

sheet metal gave the final: orest shaps. :An: apron of :sheet ‘iron sup- ff ;Vf'
ported by 16-gage bents was fastened to the floor: and | aoldered to:the = -
understructure. The flume contained ‘the: ‘epron-and’ extendod 105" foetﬁ;n

beyond to- provida a .send bed" for erosion studies. Glaau panels in
one side of the flume permitted visual, and,photographic studles of
the stiliing pool action, The tailwater regulator:at thé end of’ tha

flume was a wooden .gute hinged at ‘the bottom and regulated by a wind-{ S

lass and & ratohet mounted aeross the top of the flume. The. metal . .
‘siphons wers installed ir the model and held:in- ‘place’ by flanges. - The
river cutlet conduits of parabolic: profile were shaped from brass
tubing, soldered into the bucket: at the ‘downstresm end and held in -~
place by flenges at the upper end. Each tube was fitted with a bell-
shaped sntrasce (figures S.and 6}, A gage in the forebay was- provided
to msasure the water surface elevation at any diuchnrge.
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Stilling_?ool Qtudies

7. The or{g;nal stillingﬁppol apron., Visual studies on the y
original “model (design 1) showed that the siphon: jets produced very

rough flow on the spillway. However, the siphons were: -eliminated: from Q s

the design before orgenised: testing bogan. =The: crest and ‘the outlets
were calibrated individunlly and: collectively t0. ascortnln ‘the ‘proper .
model quantity to represent a- given prototype discharge. 'rhroughout
all tests the tailwater- elavation foriany discharge’ wasrmaintained in-
accordance -with the normal tazlwaterrzhown on: figur R

Very aatisfaotory conditions existad in the tillfng puol at all
discharges, with only the river. outletsoperating. The ‘Temote posai-w_'
bility of operating:all: outleta with" .Iow;reaorvoir,olevation led“to
further tests in which a satisfnetofy prooeduro was detormined for e
 placing the outletsin operation with the: reaervoir naar the'creat ele-"'
vation. Outletﬁl nearaest:the powerhouse _Was opernted with minimum .
tallwater, to represent: conditions when it:iwas: openedfwith no fluw in .
the river below the dam. A% 5,000. second—faet the: jetaawept dorn the e
apron, over the sill and saoured exceawlvoly tha rivo “ : ‘

wes mads with the 1eft river outlet diachnrging nttnormal tallw&ter.- A
discharge of 2,000 second-feet gave conditions which were not: elto-. . -
gether undeuirable. The return flow onto®the apron-from the right .
crowded the jet against the wall, ‘where rough conditions; and - vonsider-v
able splash occurred. -Although the jet ‘sontinued : duwnstream over ‘the:
3ill, very little. arogion was. noted on- the stream beda Snnd'wns da-.\;
posited on the apron %o tho right. of the outlet. Diucharges of 3, OOO ‘
and 4,000 second-{eet, respootively, produoed axcessive ‘soour: helow -
the sill with an increased. ‘amount of sand deposited on the. apron. - Con—
ditions were prectically ‘the- same: with outlets :1: and*E opurnting..~hﬂ_@
visual test with the two center outlets. discharging gave fairly good -
results and indicated that.a syatamntlc operation of the: riVer outletu
from the center of the. spxllway mlght eliminate: nny danger to - the toe.

of the apron. It also indicated that depressing ‘the horizonxal apron
immediately downs treem from: outluts 5.and ‘8 and’ oparating these firat
might produce a satisfactory. oporating program.a The ‘short. sectional
model prevented a satisfaotory investigation’ either of the river outlet
operating program or of the depressed area.‘ Aceordingly. these featurea
were studied on the 1 to 68 model. ' i3

The stilling pool: conditions ‘were studied next, with the. creat and
the river outlets operating. With a'2 to 1 trapezoidal sill, condi- -
tions in the pool wers very rough at high diacharges, although the jump
did not sweep off the apron. With variocus discharges, ‘the tallwater
level was raised above normal until a good pool was obtained. This
procedure (figurs 7) was used to determine approximately the distance
the apron should be lowered %o obtain good conditions. Results showed

12
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that with the original 2 to 1 trapazoidal sill ths apron ahould be
lowered mbout 3-1/2 feet, With the 7-1/4 foot, 1 to 1 trapezoidal -
8ill, the pool beceme rougher and s alight ‘additional dapth was- noooa-‘?
sary to produce & satisfactory‘jump. “When' the dentatad sill was ine
stalled on the apron, conditions were improved, Wiuh a aatinfaotory e
Jump forming on the apron at normal tailwater.fig;;

Comparative aoour and sroaion profiles nare takan nlong tha centur;
line of the model flume for the three sills at dischargss of 126,000, S
300,000, 'and 500,000 3ocond-fuet, raspsctively, . (figure '8} The den- - "¢ -
tated 8ill gave the best scour. conditlona ‘and the smoothest wnter

surface, with the 2 to 1 trapezoidal ‘sill" belng somewhat ‘more efficlent¢: =

than the 1 %o 1 8ill, The dentated '5ill was: aoceptad as . the final de-
sign and was uSQd during ths remaining St“d1°5-.j}aw~;,.u‘ Sl e

8. Apron daalgp 2. & 75~foot radius bucknt nppearod to “turn’ tha'5:"

flow too abruptly as it entered the pool: ' The apron design was: ohangedgffAXff

to a 200~foot radius bucket tangent to ths face of" the dam, the invert -
of the parabolic river outlets,‘and a: 4;1 ‘8loping apron. It wag be-: .

lieved that %the decrease in ‘pressure on the: Outlet exite wnuld 1neroasdf, o

the quantity flowing through them - whan,uhe orest !nu diachargin : Tho
4:1 sloping apron was moved upstrenm from its. original position, pro» '
ducing e longer horlzontal apron and raaulting ina aaving in- concrete
(design 2, figure 6)}.  The: scour ‘and water surface profiles, taken H A SRR
discharges of 126 OOO, 300 OOO, and - 500 OOD sacond feet, reapeotively.,
are shown on figure 9, together with tha correaponding ‘date for the
original design. While there was little difference in-the results at.
the first two discharges; d551gn 2 produced less scour.and'a agrester -
depth of water on the apron for +the 5600, OOO eeoond-foot diach&rge. f-ﬂ'

mlthough thls improvament was encouraginb, ‘means of furthar im--_ S
proving the stilling pool ‘action at ‘meximum discharge wWere sought.
Two methods of accomplishing :this were considered. ‘One was: tn langthon o
the horirzontal -apron either by moving ‘the 8111 downstream or yjsteep---,
ening the sloping apron;. the other wasa to- lower +the" horizontu p uif_,
thus increasing the effeotive tailwater depth' Hoving the ail wdown-" ,
stream would increase the .cost of the Bpillway, and it was tharefora RIS
not considered a satisfactory solution.“ : IR R

N Apron deslgn 3. Daaign 3 waa formed by romov1ng the donn-.TJf_j
stream portion of the bucket and plecing the sloping apron: tangant o s
the 200-foot radius buoket and the parabolic outlets. :This resulted . - .
in a 2.094:1 sleping apron which lengthened the horizontal portion orf
the apron (figure 10). : _ .

The action of the outlet jeta with a disoharge of 125,000 aecond-
feat wasa practically the same as for the preceding design exoept that
the more abrupt ohange in direction at the tes of the 2.094 to 1 slope
gave a greater spreading effect. This condition produced a satisfaotory

14
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Jump and reduced the impact oﬁ the aiil. An- improved stilling pool
with less scour. downstranm roaultad for all diachargea (figure 9).

The appearancs of ‘the stlllxng pool with only tha spilluny diu-;i“;u
charglag was improved a very satisfactory jump forming for discharges

up to 200,000 second-feet. 'Increasing the flow to 360,000 uecond—feet’;' o

(reservoir elevation 740. O) gave'a rough watar: aurfaoa in the pool, .
but the jump formed well up on the’ apron., ‘The roaulting ‘saour. ;ppeared'
less than with the maximum discharge when the river outlots were also -
operating. : : : R Sl L e e

10. Apron daslgn 4. This. dosign was. formod by lowering the 5
horizontal apron and the sill of. design 3 two feet, to elevation 478 O.ﬂ
Flow conditions were not. improved over those for the preoeding deaign. .

The water surface and the scour profiles.gave: no-. 1mproveunnt over: de—‘05~;iff

sign 3 (figure 10). These results demonstrated that the 1mprovem¢nts

obtained with the 2.094 to. 1 slope were due to the increased ‘lemgth of =

the horizontal apron. Accordingly, the lowor apron would not be jus-_
tifled. S . S it S

11.  Final design apron..Design 3 was considerod 8" satisfactory
solution of the stilling: pool problem.¢ Accordingly, this apron, . with - -
slight ohanges, was installed ‘on the model: ‘and”termed the findl. daalgn.i
The downsgtream end of- the apron WaB lowered from elevntion 479 75, to N
479,63, and the spacings of the dentals on’ the 8ill woro altered
(fibure '10). These slight: changes were not suf f;cient to. -alter: the ‘
action of the stllling pool in- scour ard wuter surfaoe profilaa from ,
those for design 3. I b R R OE

A condition might erise on the prototype whereby a maximum:flood -
must pass the dem before the river -outlets could be: opened. Aooord-
ingly, with 500,000 second-feet: ‘passing over the crest; the. resultingﬂ~_
water surface and the ‘scour profiles were obtained. (flgure 9) ‘These .
profiles were practically identical with those: for: ‘the crest and the
sluices both operatlng. Whilo the ‘water aurfaoe WAS . very rough, the
Jump formed well up on the. ‘apron,: demonstrating that ‘the : apron and
the sill were effective when 'the maximum discharge paaaed over the’ O
crest. However, conditions.should. impr0ve when tho spillway and‘ths _:1;"
river outlets oporate together.'-" . _ e -

Piszometers were. installed 1n ‘the’ final design apron and sill to:'
investigate the dlstribution of pressures. throughOut the .atllling .
pool. Two rows of piazcmoters wore installed, one: along an extonsion i
of the conter line of one river outlet and another squally spaced
between a pair of outlets. Piszometers were also installed on the
upstream face, the top, and one side of a dentate to inventigato the
existence of negative pressures. Pressures on the apron and the sill
were obtained at discherges of 125,000, 300,000, and 500,000 second-

18




feet with crest and outlets oparating, and ‘&t diacharges of 200 000,
360,000, and 600,000 second-fest with the outlets closed . (figure ll)
At no discharge did any negative Pressures exist. on the . apron or. thn -
aill. Stilling pool conditiona are” ahown on figure 12. T

Splllwav btudieﬂ -

12. Discharge calibrations.- Calibrntxons .on- tha 1 to 40 8. ulti-‘~;

mate model inciuded calibration of the rlvor outlets with. the orest -

closed, calibration of the crest alone, and detarmination ‘of ‘the- dis-“_'“"

charge tharacteristics of the- ‘outlets with the. ‘erest: diacharging.;ﬁ,.
Discharge cosfficients for-the crest and: the: river outlets are ‘shown
on figure 13. From these coefficient: curvas, prototype dischurge :
curves were oalculated for 700 feet:of. orest. and 24 river outlest
(figure 14). These curves do. not include the. ef’ect ofpiers that
will be present on the prototype crest. At Al reservoir elevatlon of
740.0, = discharge of about 490,000 aeccnd-feat could pass. the dam’
with both the crest and the river: outlets operating.a A reservoir el— _
evation of 740.4 wauld be. *equired for. a8 diucharge of 500 000 necond-.u-
faet, o . : . o

13. Spiilway tralning“wﬁlis,_ Teats were mndo next to determine

the adequacy of the proposed Training walls on'the spillwav.. This i

wus accomplished by reccrding water. surface . profilea along the side
of the flume-at various discharges. (figure 16). ' The. prcposed trajn-
ing walls for the ultimate development were' considered to' be euffi- -

ciently high to pmss 500 000 :second- feet over ‘the crest. without”over— S

topping the wall., . - -
WJ-.

14. Creut praséufés. Ple:ometers were installed in the ourved

portion of the ecrest (figure 6) to determins preaaures at: crest dls--ﬂf-”_
cherges of 60,000, 120,000, 240,000, end 300, 000 . second~{eet, and‘gt“““j‘

regservoir alevation ?40.063 (flgure 16) A very. slight negative

preasure was found to exist on the downutrean portion of the orast at o

high discharges.

MODLL OF LEFT dALF Ob SPILLHAY FOR ULTIMATE DEVELOPMEHM

15. Description of the model. “The 1;40 8 aeotional model of
the Marshall Ford ultimate development was necssaarilv limited: An .
its usefulness to study of the atilling: pool ‘and ‘the'orest. To. study
river outlet oombinations, the effect of the training walls on the
atilling pool, and conditions in the diversion conduit. ares, 6 model-
was built representing half of the: spillway. A model sonle of 1 to 68
permitted use of commercial tubing in the construetion of the cirou-
lar river outlets. With a model of half the spillway section.on this
scale, the model discharge represented about. the mex imum sapacity of

15
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the lnboratory pump and aupply systcm- f"'ﬁ

Two metal-lined tanks (figure 17) wore - conatrueted; ome to provide
a forebay for the model and the other to ccntain the topogruphy down--
stream from the dam representing half of: the ‘wi dth of ‘the’ rivurfbod.
with 2 reach of 800 feet. The: topography s molded iAn- annd A guta
at the downstream end of the tailrace tank oontrolled ‘the tqilwator
level, and a hook gage measured its elevation.. :The. forobay tank- uls
¢0ﬂnacted to the laboratory supply ayatem ‘and’ fittod with: harflea to.
quiet the inflowing water. -A forebay. gage uas 1natalled 80 that ‘the -
reservoir elevation could bo mnanured.,‘j¢s e S e L

The model wa s constructad of- anglenironmbenta covered with uhaot
iron (figure 18). The 2.094 to l'slope was installed on ‘the apron and
connected to the: spillway face by a 200~foot radius: bucket. :The: hori-““
zontal apron-extended ‘from elevation 480.0 ‘at its upatream‘end to’
elevation 479,75 at ‘its: downatream axtremity. A duntated aill with
dimensions proportional: to those for the first sill used on tha 1o
40.8 ultimate model, was instelled at the ond o thewapron.- Fourtaun f
of the 24 river outlets WQre inutalled in the model,umnking it poaaiblo

to represent either ‘half ‘of the spillwny. The: oeireculer: .ontlets wore - . i
:portionl wers | part-uﬂJ;,”]ff

fitted with bell: ontrnnoas, while the downntre
bolic curves tangent to, .and terminating ‘at, ‘th point .where the -
inverts intersected the 200-foot radius: bunket.ijha outlets were fit- -
ted with small gates near the ‘upstream end -so:that any flow: combination

could be studied. - The outlets were numbcrad fromilaft to right laok-~‘_.:;;

ing downstream..

. The pier spacinga were 80 arranged thnt the ‘crest r: sented “the
left end of the spillway, A wall, extending dhove ‘the ta water,_pns
placed on the right end of the . apron and extended 3 fest 'Tinches
downstreem from the sill (figure 17). "Training wall design 1 was .
placed on the lsfti. side of the apron (firurea 18 -and" 22). Slnoe con—‘;ﬁ
sideration was being given to operating river outlets ‘5 and 6 first,

when the outlets were brought into- oporation at minimum tailwator andﬁzt

high reservoir elevations,. that portion of the horitontal spron-im- jﬁjq;:;ii
mediantely downstream from thase outlaua uns placed at elevation 470 0".?”-"*

to provida deeper tailwator. RIS

16. . River cutlet atilling bnain- With”onlyjoutlotaf57aﬁdf&-f_,h,z
discharging into tha_ﬁbpressed_qtilling basin.at normal tailwater,
the flow econditions were not satisfeotory. 'Savere return. eddies: an‘

each side carried send and gravel upstream onto:the apren where it’
would have caused gevere abrasion in the prototype. .Low,: Anterme-
diate training walls (deaign 1, figure 19) were installed on each -
side of the depressed bmsin. With a total.disoharge of 5,000 second-
feet through the two outlets, little soour oocurred nt_the toe of the
811l although some send was carrisd onto the left portion.of the

‘apron. When the discharge wns inoreased to 10,000 second-fest, the

26
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erosion was materially increassd, with sand being carried onto the
apron on each side of the utilling basin, -An undolirable grinding
action on the apron was produced’ by & large whirl on the right. A

large amount of send was deposited on' the downstream left portian {f1“
of the apron, completely eovoring the | sill 4n thie region. With one: .
outlet discharging 5,000 socund-‘eet, couditions imprcvad but wuro
8til)l undesiradlas, ‘ -

Consideration waa givon to tho poasitnlity f'oponing olther

alternate outlets or ‘even every third: outlat wien outlets were: plunedk, o

in operation. ' Further study was deferred hawever,iuntil other de
tails in the stilling pool design. ‘ware detarminad P
area was removed to permit these ather studlen o

17. Location of. diversion oonduitu._ At the 00mpletion of: th

construction, scoording to the. specxfications. ‘the diversion conduitSJQQ;;t
in the ultimate dsvelopment would ‘be filled with concrete.g Outlots tn

7, 8, 9, and 10 in the model were closad to Fepresent ‘this o ﬁditi
Viaual observations demonstratad that with the river: outlats unly‘;
digscharging, good oond1t1ons in the. ‘pool oould not be ‘obtained’ unlgusg
low training walls were. placed on each side of thnt portion of: thn“ 5
apron immediately downstream from the: divaruion oonduit_

to place the diversion: conduzts on~ the left ‘end- of the spilluny.

since only one intermediete training wull would be needed, was ltudiod. ;f

This condition was represented by chBlng outlets 1 2 5 nnd ﬁ in- A
stead of outlsts 7, 8, 8, and 10.._; § T,

Ta fncilitnta testing, the irtarmsdiate training wnlla w!re re-;ﬁ S
moved, it being planned to develop the correct ‘shape for thsao wulla e
afier the condult locations had bean fixed. Observations were ‘made -
with various discharges pnaaing the dnm-‘first w1th the" diversion TR
conduits on the left end of the spillway and then by: repeating’ the
tests with the conduits located acoording to the' apeciflcationa.ﬁ ‘The -

left truining wall des.gn had not been decided. :Since its ‘shape- would SN

have an effect on the stilling pool, . aaveral walls were tested to ob="
tain comparisons. Training wall: designn l 2 and 3_wara talted under._'g-
the above procedure (flgure 22) R s o

8tilling pool ocnditians ware alwayn better mhen the diveraion

conduits were located mccording to the speaification’ drawings. With' L

the diversion conduits on the left end of the epillwey, a strong re-
verss ourrent deposited sand in - the powerhouse tailrnce.‘ This - cundi-;
tion became worse at high discharges when water began spilling over
the training wall onto the hydraulic jump. Ralsing the top of the
wall to the maximum tallwater surface did not eliminate these unde~
sirable eonditione, demonstrating that a sloping training wall could

be developed whioch would give satisfectory conditions. Loecation of

the diversion conduits according to specification drawings would conu-
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sequently produce a: aav;nb in-cost of tha 1argo trninlng wall whioh
would partially companaato for tho naaenuary additxonal intermediate .
training wnll. y L P i : S i =

‘18. Intermndiate training wnll studies. Tho oomplexity of ths e
8tilling pool provlem did not permit the Ihdopendont development of
any particular feature. ' While the  initial: tests for: the. looatlon of
the diversinn conduits served: their immediate: purposo, thqy also e
furnished material for the design of a better training: wull ‘on’! the
left side of the spillway. A new training wall (deslgn 4, figure 22) :
was placed on the left of the spillway: This wall wes near enough to .
its final shape so that tests to determine design for the interme~ FV
diate treining walls ‘cduld _proceed unhindered.: The,pOWbrhouse wnll
was installed before tastzng was atarted. e e

With no intermediate tr&in;ng wulls, an’ upstream Tlow onto. tho
apron toward the region of ‘the" diversion .conduit s oarried sand onto- P
the apron. The flow then 'divided, turning outwerd and erowd;ng tho
outlet jets toward the sides of the spillway. (figure 20) K diacharga
of nearly 300,000 second-feet over the spillway was’ required to pre- .

vent thic isturn llow. Nocessity. for tha. 1ntarmudiate training. wallu t”*";
was ohwious. Terts were made to determine the design of 'the se: walls,,ﬂt‘;

using discharges ‘of 130,000, 200 OOO, and 240, OOO ‘second- feet“respuo-,
ti?ely, since *ne stilllng pool conditions were most unaatiafacto*y ltjﬂ
those flows. Five designs were studiad befora ‘an acceptable one was o
svolved. S - e e T g

In design 1, low. trazning walla w1th their tops horiuontal nt
elevation 497.0 were placed on sach aide of the divarsiOn condulta ‘
end extended from the 2,094 slope tothe’ downstraam extramity'of the e
8111 (figure 19).. Conditions were somewhat improved but still re-. .

mained unsatzsf&ctory, the ganﬂrul Tlow: conditions. belng aimilar to ff t.V

those with no walls. . Above a dlsnharge of 200, 000 ‘second-feet tna
spillway flow was suff;cient o produne an ncceptabls pool.;ﬂw4

Design 2 was formad by ndding triangular pleoea on tha upatroum f;fj;‘W
portion of the walls of design 1 to prevent the: ex03851ve flow OO n

the walls onto the jump in the upper end of “the: pool._ These additiona;
extended on a 6.46 to- -slopa, from elevatlon 517.0 n* the acket to
the horizontel wall et elevation 497.0° (flrure 19) Elevation 517.0 ..
was chosen as the maximum elevation of the wall, Bincs this will be
the tailwater for a dischurge of 130,000~ second-feet.  The. top. of the
wall next to the spillway face wns bevelsd to minimize interference.
with the flow down the spillway face. This bevel was used on all
subsequent tests. Higher diecharges over the crest preventad eX0OB-
sive flow over the training wellas near the fece of the spillway. In
this design stilling pool conditions were much improved over those =
for the preceding design. With a discharge of 130,000 second-feet,
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the jump was improved and less Band was’ o&rrled onto the apron. Slight
improvement was also noticeable at e discharge ‘of 200 000 second- -faot.
At higher discharges no differencc could be deteatod. i j_r-w   _:f ‘

The walls. downatream.from the 1nteraect10n of the ‘6. 446 to 1 slopo
and the horizontal portion at elevation 497,0 were. ramnved rasult;nb :
in design 3 (figure 19}. With: dischargea ‘of 130,000 and '200,000° seaond-
feat, the undesirable whirl ‘on’ the apron was more proncunaed dapouit~ ‘

ing sand well up on the apronu‘ A flow of 240,000 second-feat" gave: about
~the same characteristics as the praoedlng designs exoopt that most of
the sand deposited on the apron was- removed. SR e he

Tha training walls for design 4 hnd horisontal}portions at oleva-

- tion 517.0 extending 51 feet out: from the face of the ' bucket “thence
< on a 1.995 slope tc .the hor;zontal apron-at:. elovation 480 (o)t (figure 19)
With this design the whirl on the apron was. distinctly ‘worse than in.

. any previous trial. When the discharge’ was increased to. 240,000
second-feat, the uand dopooited ‘om the apron by the lcwer flow-was re-
moved. . : o ‘ :

Comparison of designs 3 and-4 with d951gn 2. showed" that the’ exten—ig
sion of the walls: domnstrsam to the sill materielly improved the hy-o
draulic jump. Design 2 demonatrated the ‘advisablility of building the . .
walls higher near the bucket. Thnese two idsas ‘were oombined :3n- dea¢gn o
5 by sloping the traxning walls fram alavatlon 517 ‘ At the bucket,to

onte ths aprom batwaen the wnlls. The water: flowing over the“wgll, e
did not prevent a good jump.from forming. This condltlon wa ;better,g i T
than Por design 2. ‘With higher discharges, prnetloally thﬁ’ me ; o

tions sxisted as with design’2. . Since. these. walls presenbed a p ‘

appsarenoe .and their flow: condltions ‘were, a&tmsfactorv, thls daalgn wnaz
chosen for futura tests with other splllwny faaturas» ;. :

The left training wall design wns fixad and lt wns 1nstal¢ed on
the model with p iezomsters on both" sidea of the laft 1ntermudiate ‘.~"7
" training wall. Pressurea were obtained with’ dischnrges of 1125, 000

.200, 000, 300,000, 400,000, and 500, 000 aecond-faet rospectlvoly, with
“#§ outlets. 7, 8,9, and 10 cloued ‘These pressures: (figure 21) were uaed

in the stress analyaia on the design of the walls.a - : e S

1

3.,‘
b

15. Studies on left: training_wall.‘ During the’ tasts to ‘determine
the correct location of the dlversion conduite, studies of left trnin—
ing wall designs 1, 2, and 3 (asectien 17 and figure 22) indicated the
nead for further development of the training wall: to pievent adverse
flow conditions in ths stilling pool. While bstter scour conditicas
existed at the toe of the sloping wall of design 1 than for the other
two walls, with discharges up to. 300,000 secondi-feet, water spilled aver

3z
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the walls from the powerhouse ‘ares., drowninr the Jump adjacen737"" "],_” o
training wall. Test results’ obtained with' dasign 1 suggeated,the use’

of a- sloping wall with its upstream portioniat the ielevation of" thu
maxinum tailwater. Desizn 4 wus a wall of: this type,ﬁhlopin “from:
elevation 548,0 at the downstream face of . the ‘powerhouse to elevation
530.0 at the end of the apron (figure 22). 'This wall, ‘with the end’
of the powerhouse in' place, 'was usad ‘in connaotion with the studies om
the intermediate training walls. . After a. aatiafnctory des*gn ‘for the - -
intermediate training walls had. been dovelopad 'and ‘installed on'th R
model, testing was continued to obtain:an: improved ‘shape ‘for: the‘left W
training wall with all discharges. The flow conditions in'the ‘spillway =
stilling pool were good.. ‘A small amount of ; snnd was: ‘carried into the. .° |
powerhouse tallrace, and a iwle ‘was acourud et the downstraam toeg
the left wall at hizh discuhrgos. Heverthelesa, thls deSLgn wan can-
sidered a satisfactory solution. 'However, additionul‘ teating was
desirable to detormine how much the wall could ‘be lowered 'in the: regio
where the difference between spillwav stilling pool and" powerhoune
tailrace water-surface elevationa was small. jTh;s,wOuldjoffsctQuup
ing in construction costs. SR RN R S

In deaigns 5, 6, and Ty

“the dcwnstream end of pbeﬁwgl

pool. The hole scoured at” the toe of the Wnll wa larg”
not se deep.‘

Design 7 produced condxtions dif*ering but little*
6. The increased slope on the wall: allowed ‘mor
the hydraulic jump from the powarhouse tazlrace,
not noticeably affect the jump.
wus carried into the tailruce at the higher dlscharges
tions ware very simllar to those in delign 6. g

~

The tests demonsurated that the training‘wall nhould be bzilt to
elevation 548,0 in the region of the powerhouse, with a sloping. donn-_\3
streem . «<tension., Both desipgns & and 7 were considered satlsfactory
solutions, with soour conditions” slightly better with design 6.

Since the tallwater will be at or near elevation 505.0:a large portion
of the time, the wall with its downstreem extremity at elevation\ﬁlﬁ.o
would present a better appearance than one wiose doﬁnaﬁregm end would

be submerged 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 extanded level, nt elevntion 548 0 a distarce of
20.67 feet downstream. from the face of the powerhouae, theuce on: a’
4.049 to 1 slope to elevation 513,0 on the: ‘apron.” The modal’ wnll was
fitted with ‘piezometers to obtain preasure data for utructural dealgn
purpeses, Pressures were. obtained at diachargos of 125 000 200 »000, o
300,000, 400,000, and’ 500,000 ‘second-feet; - respeetively Whter~aurfaca‘ o
profiles along the splllwuy face’ of ‘the wall- were also measurad at o e
these discharges and are ‘shown," together with the prossures on figuro

" 23. Water wus admltted inte the model powvrhcuss 80" that prassures_ o
were obtained on both ‘sides. 0 the wall in this reginr ‘
' ' shown on: figur“

20, Diversion conduit studies.5 After the
sion conduits, the type of ‘Intermediate training wnlls, nnd: Y ahape
of the left treining wall hed been determlned “the . dlversioa_conduita
were installed in the model o determina their operating characteris-;ﬁ
ties. 1In previous tests the. 1ntermediato training walls, had bean i
Placed with their outside: faces elong- oonstruotion Joints in . the, ﬁprnn.
To strengthen these walls: by making them" purt of O beam, thay were i“
moved in toward the diversion conduita. This. nacesaitated moving ‘che B
conduits closer together thar. 'was prop039d ‘in the. original specifica-"“'”‘
tions. The revised conduits wers installed ‘in the model ‘and the ..
dentates for the sill were reayaced in nccordance wlth the new* ‘ninin
well locations (figure 25) o - R

zl. Evacunticn of the reservoir: stora e throu the diversion -
conduits. It was origina ly planned that between ths . time of':comp etion
of ths initial dam and thet of the ultimate structure ‘the two diveruion
conduits would be closed” by wooden bulkheads. Each bulkhead waa to. -
contain twe 3~ by 3—foc+f'utes to be used in the evacuntion of Btorage
water in the extremc bottom of the reservoir after. most ‘of the]
tion had been mede +hrough the river. ontlets. "The studles ‘of th
diversion conduits were made on that aasumption Later plans,
changed, whereby the diveraion conduzts were not. closed until’ the base
on the addition to the upstream face of the initial’ congtruction had :
Lsen poured to a point above the ‘inteke  to!.the river ‘outlets’ and the 5”2‘
diversion could be mada through them. The diversion conduits were than‘
pluggad permanently., ‘q At I e S

To provide hydraulic data for the orlginal plan small platea, with_
holes in them to Tepresent the small 3- by S~foot gutes, were placed _
over conduit entrances of' the model to rapresent the ge bulkheads (fig-"
ure 25). Observations with-the sigall pates dlschargzng vhen the reser-
volir was below the invert of the river outlets .showed that aatisfnctory
conditions existed either with or without the intermediate treining .
wells, A rating curve was prepared for the four 3- by 3-foot 5ntes
{figure 26),

~
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22.. Diversion. Invaatigationa of the flow uonditiuns through
the divarsion conduits during the proposed’ period of . oonatruction oft
the sacond stage, according to-the-: original’ plan, led’ to' the operation
of the diversion conduits at variocus reservoir/ elevations beLow the'
invert of the rivar outlots, with and without the 1ntermadiate train- '
ing walls. AP ‘ , : R R

With the intarmudiate training walls in place, dianharges in the

region of 5,000 sacond-feet gave‘satistactory '8ti1ling:pool. conditiona.ﬂffﬁf
Very little ‘sand.was carried onto 'the apron, and- practiually 1o erosion -
occurred- downstream from ‘the . 5111, fWhen the dlscharge ‘was increaaed tol
14,500 second-feet the pool was aatisfgotory, with a" amall inoruaao in}3 @,

the amount: of sand carrisd ‘onto: the-apron‘ ‘A a;acharga of- 36 200
second-faet wnicn ‘was’ approxlmatelv‘"he sapacity of the: diverszon

conduits with ‘the. reservoir at the inveft of he*river outlats, gnvo anLﬁz‘

increased amount of- material dsposited on the ‘apron.’ Thefexcessive

scour below the sill on: the rzght probably would not : existhf;the.oomrfwi‘5;},

plete model were: installed ‘a8 the whirl would: i
right and would be. reduced in intenszty (figura 27)

The int ermed;ute trainlng walls w@re ramoved nnd;the test ‘WB.S re- i
peated, Diacharges of 5,000 and 14,600 second-feet espectively, _
gave satisfactory scour . condltions downstream from- sill with' moreﬂ“'
sand carried onto the.apron, ‘than when the walls were o A o
charge of 36, 200 second-feet’ gave conditiOns 51m11ar to those*obtained :
when the walls were in place, ‘with no- apga”gnt 1ncrease in
of sand deposxted on the apron,- and with 1es§ sgour. downstroam’from the
8i1l. The heavy scour. downstream would have been less if' the ientire .=
apron had been 1nc1uded ‘on ‘the model. since the adverse currents in the '
stiliing pool would then have been- reduoed.. These . atudies indicated :
taat the intermedicte trnlning wallq should be installed during ‘oon- "
struction of" tne low dam. » RS : e

23. Rlver outlet studies. Studies on the l to 40 B model;to”da-q,ft"
termine some satisfactory program for br1ng1no ‘the: river outlets: intoqu\
operation with a full reservoir and a- ‘minimam’ tailwater were unsuc-‘““"'
cessful. Initial tests on the 1 to 68 model ‘with a. stllllng basin .
downstream from outlets -5 and 6 also.gave’ unsntiyfactorv conditions S
when various programs ware investigated. Observations on ‘the models: —
have shovn that after three’ outlets are in: jperation the tailwater ia;f:
sufficiently deep to prevent excussive erosion from: any nddltional )
outlets that may be: openad. ‘

A trans;tion at the exit of the outlat was devaloped whioh cou1d 
spread the jat more evenly over the apron (figure 28). Original =
recommendations were that three alternate outlets, between the laft
intermediate training wall and the left spillway training wall, be -
constructed with this spresding exit ‘and opened first when placing -
the river outlets in opsration. By the time the desired spreading p

ks P 5

*42
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exit mss been completely devaloped, samt'wt;.fm ‘on -hu !e e of
ste wpillww: had prozrosasd too far to permit izs zncluamq 1:1 that

reg. 1% was Tevessary, t*:e*e-uw, o place tne lnrntﬂi..g; oxizs Lo
tha righth of The intermediate’ t:niniﬁg ulls mnra-' ‘:.he qu al’
“as spilleway., ‘ ST

-

por T

Tae development of the apmﬁzu,, axit s sm*‘iué cn_m,.l vy 25 S
model of ane river ocutlal ané arfl" ha ﬁaur&bmﬁ in dutah iri wb:m-
qumt‘ &ec‘:zens. '

Z4.
TrANS: LI0NS WeTs LuSTal laf‘ m“mﬂi&y mur w t en:% az‘ »M:mﬂu
soilime . Jhen AT was leermed <hwt ».Mr"c@ns“vuc*“lcx: Mﬁ ar agrusan&
Toa Tar o permiT sush «*cr‘stnz:::.oﬂ An’ The &zw'w"'rgwy the axits wars:

=ovel =y gatless B, 15, and IR by exvending ‘the wprom,. fit:ad u‘a..*.”:’i:e;""
proper tratnin: wallsy, Jirtnsr 1o the le%'w-nr@ 28}, ‘wrile tnka

errancasent $id not allow deteilsd testias ol all ea.._ﬁ....s:"'g. s, 5‘*“ _
cutlaeis I e % s,_#! e T usx‘;:'am ";gh' and of vim zpzli‘u ‘WeTe LIL re- _'
Fresanzed ln they model, Lt was cuna-‘.‘.t'a* f;kw nmost practicsl for dnmro- ‘
nininy ios Jlow geticon on Lhne BPT o1 '.'.s:; She Tiran ol L 3}“2'#&&‘?% ﬂL._*"
outlex a R Sy

.:':w.- *"nnhn rascived :.:z Ef‘ m u,a’f h: .,:::r»-'-m p&*ﬁs w'_:w DU
sequence of OPBnAnR tne swileis Witk tom sprﬁaﬁ::g ex"‘a el Thewe-
tvence 37 openin: the Sther *-ut.m":s'. Throushest all the c**t}.ﬂm Tent

“he reservIiiotar m iﬁt ined al wipraxinats alewa tom 71440, nhdJ
sievation 30 the Jixed Sfest ol the ap“zim#, ‘nuilﬁ the teilwgrer g
varies mscariin: *f"%ﬂ R 1 ‘ty T mp LT *aitf %isanxrheﬁ [ th aut-

lats. o SRR

Kl ane $p eau.i,. :ia,.iasw Sm agumu::., i.‘ms:.; '&:Mi tions wm -uéhe—_

oh a"" v 2 onrrated w mam ..ﬁ !:m w-m;t.,m' ‘m*ﬁ;imuim, bvsw *c:mm ‘-‘ _
tions wore ohieiasd with outluts 17 mad 17 opemszing Sorethsr
o cutlet & dischergini, tne ..mv px.&a wss eronded Tommrd the x:tz':ﬁa-
Zimts :rsini-m.m%_, and iz condition persisted xith the thres—
satiet combination al “seze of the unsyrmesrissl flow wes olimi—
naTed, Acuﬂ‘dd.»i ;. e pee initial opersting progras for nis
arrascermnt woul 2 ue ma opon e spresdins mutlsts in the order 0, 1...‘._
and f. . Results i::‘.ica:.sr; et improesd Tlow Sutterns w1l ‘be obiakned
17 the spreading exit om outlst § were pleced on outles 4. Iz woule
i:z;trava zie sprecding sutliets =0 Le apesed Jrom lsfy o ripht.

¥}

#iwn he naree apreadling-exis ruillets in opermilcm, svai-zunsered
m;"zlaw w m rieht of sutlet 17 were opened next, rroceedin: Trom
* left %o rirat. The Jlow sonditians were rousn, wad Lie retarn Jlow

oa%e the spron Irom the right bocome more proocunced as edditiomal
cutlets were opened. Setter resulis were stiained whern thres ol the
ostless to the leaft of the intermwodisnte Tralsin: walls were opsnaed



foilowing the a?eniza;-t of toe spru fng ﬂut.let.: t.m bcfcrg n.ny &! ﬂm

reasuler outletz on the right were Spensi.  #hec ine 1-. LCer. method ma
rer~asented 4y raising the tallwater, the actilon a't Jv.- spru&i.n; s
d.t:0tS was lzproved mnd The unm esiuh udd.c# on the rAgm; wern e«-:\ ‘
Lulet. g -

5. Lxit Tranaliions oo :wﬂb*s-"'ii:, 3.2 nn.‘.. 11. Iﬁnk grmgﬂir@
i'-usﬁ.mw e desiraiility of pl uc.z:r Loe aprc&:i.ng axits.

etz 13, I, und la. To:represent tnis conditicon ontle. z;n:le..,,_; :
tue inzerzsdiste and The 188t trn.::i*%f \mk is wore %ﬂi& BSR4
incnar woward the lefc.  Duilats 140 a.:ﬁ Lw and 24 mn nat:- rtprtm-
santes TeTLise 30 Sie .Tﬁﬁ&ri:v& 19“4 i af & mﬂm--”

e resulis 33 tne "W'am; TeRT 1mgnsmé "w uwz*'tfs‘ _it.y a*"r"; S
seening suilets 10, 1E, waﬁ 34 i tem G‘#"“ﬂ:‘. winl prurad correct.
Frecedin: tesi, obssrvatrions im!mawﬂ m reseite
':s':‘ta': ned i t“'-‘s-a tm?lr 5 B “‘m i .m'm&fmm :
*alls were 3o Se apem% followi; &'awmm st the u"II'SG*
wstlets wnd bHalors: any *‘t:.-..':w. M lety were spened .a B
nim produces x natmr allwnter which improves ths acti
= tas spresmcing sutlets wnd aéucara .t:aﬂasirmbiu odlias. The T
ir 57 aveuermmbersd ouilst: should . be opered. wezinnimg wix
w33l 1 B mnd procesding Towaps the “ij::h_.‘ The ofi-miztarel cutlets
ar =n s sparated in sy order. o] _re iy z.?:'rlw the ge*mm} Thomwe
chmryrreTLeIics with txis ayau-im ;:rw :

?I

[ Sal Y I 't Y
s ik

®
M
ing

£, rressures im ouilet sor i".*a';ﬂ sireulisr and o $preadlin;
sxit Tiver aullet were equipped with alr *miw& wnd: ’.Ei @*xth«m e
The wiT TemA & were oon mcm& <o mrxmt«arx 5%

;r-es&:ra: WL UAT VaE dukiats could be :muwr‘m,.
oniy operating, ne-a.i-m pres3ures wars. ore Wil S
These mg'm_lrt, prossures varied fres 5.5 e . 3T water, pro-
<ourpe, fur discherges Setwsen L0, 000 e 5OC, %}&a socond e,
Trese o?‘&jec@.’i ravle prossices will be reliswed Iy mvin;; oo
romTS Open wheo the outles s,.mzm* 5:‘;01 nra a;nsud.-, -

SJDEL T SINET ATF "3{,..5{“ z"ﬁ’ TEL”M‘:. 3‘"&%«#’%

z tie model. The 1 %o uoa@iﬂ mamd%
s renressrt toe rigst nall cf Tao spillway {figure 30). The pia,,w
wors rearranye: wni the alrh wall, formarly on the rizit end of the
zziliwmy, was soved =0 Ll xq.w'?“ e, The LOpIETEPDY w8E t;imwd -8
snyws o Tigurs 1T, ?.’aa:s on thais zodel wers for the surposa of
etnasilsning sxTizrectery Clow comditions jrn the spillwmmy ercund & Ben

Tight wmll. ninde thwss studies were made before tiw instaliation
of the diwersiu conduiss in the xodel, there mere 14 cutiets In the
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28. Studies of right traising wall.  Tie a*kg’:‘.m} desipn of t:hu
rizht Yrelzing wmll sss Sested first. Thi 'nl‘ erded 7.5 feet up~
stresa Drom t‘m and of the spillwey apron end wag x‘c alavxtion 557 s
Taroughout, with an eaditionel wing wall -:‘unﬂin;; &t right sagles
{ros the md of the main tralning wall to ﬂm“-t..de ‘of, “the md&lf hak,

The origl ‘.,-a'ntian indicated that the 11 ‘ : .
Loo»s rack waa used 'n the model o Fairomt e str ;e nf mpoguﬁhsf

182 Test wide, dwstw Tros the t.prna 3111., x,a%m:»p ut!.' RS,W} B

socono-Teot Tave satizlmctory ¢:*1ung Fﬂﬁl emﬁi tions.. F
‘*’t&:"’a: el I65, 000 mé 500,000 second-Teet, & hrge lom: m’zo ths tpwm
From the vizht dromued The &fi-’wi*c ,}m neur the t"&imng nl The
loa«se ronk whs scoured excessivaly st moderats diu-.hnrgu. iﬁicatin&
=t The rTock was oot Tepressntal correctly on the model. Ths strf.p
TapoiTrphy dmatrm Sromthe sill wms raplaced ‘og e =odel by con-
crete, mnd the Tests were. *apumé AT thw hipher dinchnrges, e re~
Turn Clox onte the epron wms very pmmxm&é. The 1o 1 ﬂmmt&a
nill downgirees skemed U0 turn: the watsr upwssd toa auddmiy.' nau.!:l:zb;
in » snortening sffect on e sz‘ a.ng poai BEL 38 o’m% nTes. .

Te mimisize Tha éxc\us Te “’lw c-...a the s;ru:: i‘rc:z ?.he 'ifm, a
Trayeroidel aiu.;m was sdded o The Lrads .,ng wall {figre uw;.:' Tuis ;
second desisn sloped from slswation 5«3; O et ‘the end Bf Tr aw 5iml

T uh,mt..s., 512.0 atT mhe end of tne n@'m,‘ The ua}cc:&m‘b :
s Turn ..t;m we. 4 "‘t—l.ﬁﬁd ﬁmrimh' The- me'tu:inw ol the pm:»l ‘on thc _
ight wes 3131l pressnt, im ".'.*"u .x-.,g ‘“‘m‘t the i.mm m,t‘w mmph-
id be Lfla?.toma. : L .

Ty

Desiym 3 wms citained by mﬁn‘* m wﬁ.ﬁf“ rn.i‘* e m**um o
o3d of the mpron and placing tne weil ou s flstter s?- ‘
trear snd % elevation H1X. t..,g;a_u By e mt* n m —:.mk
Topo; ralhy domme trens from the sill wes Slattemed to ko EX cpu s 3 . XL
¥izh dissherpes of 306,000 sxd B34, KD second-! ee'!. ‘oo it om *'1"'} 4>
rignt -m.—:in., ol o s*iil&z:b peol wero mmierial 11y improved. _
formed with no undesirablies. "a‘.‘.zz"ﬂ "3;::-: mm dm ,.mizﬂm n‘l w:zo '

o6, vimel design of right mrm u&..- »miou .:m. mﬁm
on the rogk eancitlons sioag the Tipht bﬁ."ﬁk were Lmuy (::.il"i :m
initiel studles on thae sreinins wall. It wes knomn that s mr&o pars
~isrn af the bazk was s51id rosk: but the extent of The Wﬁrwrﬁm i L
2ot known.  Nher detall n.’aru;xw o5 the pusitisn of the rock sur-
frce became mvnilsiile, it ws rch-s;smtea in <he =odel in ToncTelve.
Toe cut in the Tock, downatrews from the spronm sill, was Plused oo w.
2 w5 1 siope, sn? ervund the 2oe of tie wall on e 1}4@1 slope
(Tilgvre 30). The esrth creriurden was ﬂ..wod oz el e 1 siope. &
large posior of the sarth overburdsn m;.}.d be wored downstreex dusing
ediun and af:k discherges. The tr uj.r.,.,agz, well for the finel desizn
was mliersd Iiitle from the desizm 3 {Jizwre 2%

the ook tapogrephy to ils correct hisuitlion m‘ber.all
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improved she st «n:::r pool somditions &% hich dmcbu'gnr.. The up-
vroxm Tlow zver thr wall from the Pizht was Bet presect atdlssh ur;gns‘,‘

. of 125,000 snt 303,006 ssconi-feet. (At fwt} 0 uua..ﬁ-tuct t‘ais ow
wne il mn kad 1ittle offset on the Gump {!’ig_u Si}.' "X‘“"; f ! :ﬁs-— :
char e of 3_.,&1@ oy cm-"-’fu»m ‘aroaion was mel iceabls on The domu-
streax porzicn »f the baskfill on the right of the training wm}u- N
Fnen the Sizvrecre ;rareusercﬁ s 5&%,&% m“q-ract, this a'imia.. Age
cressei ir iazemsity; $o & iwrge yorzicn of tne Back?i1l wms removed
near Tne wall. Thiz conditios can Lan ;wewm‘.ad kx;; ri;:’agpi.ﬁ the
downstreax slnn of tho beexliilil '
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