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Subject: Hydraulic model studies for the redesign of the spill- 
way for Mormon Flat Dam, Salt River project, Arizona. 

I. Summar~ ¶ TheMormon Flat Dam spillwayas constructed, 
19~5-1925, was foundto be inadequate for the expected maximum flood 
fl,~v of 180,000 cubic fee~ per second. In order to check altera- 
tions in the redesign of the spillv~y, a model of the dam, spillway, 
and pertinent topography~soonstructed to the scale'~f 1 to 90. 

Alterations of the original designfailed ~o inorease the 
flood discharge over the spillway appreoiably. Even with thead- 
dition of an auxiliary crest at elevation 1688,20n the main arch 
of the dam. the protc~pedischcrge at pond elevation ~1672~was only 
approximately 85,000 cubic ~feet per ,second, The maximum prototype 
discharge that could be passed over ~the ~eriginal gates was ~approxi- 
matcly il05,000 cubic feet per second, the approach~cham~ol having 
been deepened and widened and ~training ~ll~ ~to ~the piers having 
boeninstallcd. 

The~origin~l spillw~y~sblocked,off ~mdtheniue ~ate- 
ways for the rainier gates were0constructcd~onan~ogoocrost on ~the 
main arch~of the dam atolsvation 164S. Anapron ~conductod tho~dis- 
charge from thecrostr~dially im~rd and down~ovortho powcrhouse 
to the tailrace. The maximum flood of 150,000 cubicfect per second 
~ould be passed at pondole~tion 1628.5quitc satisfactori!y.~How- 
over, itw~s decided to abandonthis dcsi~nbccauso of difficulties 
in and thcoxpenso of construction~ 

The original design ,~ms again built into the model.and, 
aftur considerable observation, the gates were designed inechelon 
with respect to each other in plan and ~linomcnt° This spillway 
p~ssod nearly the maximum flood fl~ of 150,000 cubic feet per sec- 
ond at pond elevation 1672. Difficulties in the design and construc- 
tion of a scroll wall at the right side of the approach toEato I 
prevented the adoption of this plan. 

Th~ fourth and final spillwcytostOd~s a tapered, curved 
channel located in thearc~ occuDicd by the original spillway. It 
consists of an ogoo crest atkclovation 1610,5 and n tapered, ~curvod 
channel 416 foot in length from the crest, discharging over the 
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powerhouse roadway into the rivez. Several shapes of crests were 
investigated as to efficiency atseveral elevations. Also, several 
shapes of piers were tested to produce smoothi!flow down the channel, 
Two 50- by 50-foot stoney gates control the discharge. 

2, The ~roJect. ~The Mormon FlatDam is located ~in 
Maricopa County, ,south central Arizona, 40 miles downstream from the 
Roosevelt Dam on'the Salt River. It is a concrete, variable :radius, 
arch darn'with a maximum~height of 229 Teot. It was b~ilt ~by the 
Salt River Water'Users' Association under the general supervision of 
the Bureau of Reclamation and was completed iin ::1925. The flow of 
the river fluctuates widely, varying ~from :a :low flow of several hun- 
dred second-feet to a maximum flood of 1,150,000 second-feet, It was 
found that the :spillway of the dam as originally designed and built 
was inadequate for the expected maximum 'floo~ flmv. Pursuant to a 
contract between the Bureau Of Reclamation and the Ass ociation, the 
Bureau r~constructed ~thc spilh,~y structure ~of Mormon Flat Dam. This 
involved the removal of a major part of %he original spillway; in- 
stalling two new 50- by 50-foot rggulating gates, ~ato hoists, and 
motors ; installing "tu~,o 25 kv.-a.gasolinc-drivcn generators ; removing 
and storing the nine ~radial gates :of !the original installation; 
groutin~ the foundation:of ~thc spfIl~vayigat¢ structures; "and construct- 
in~ a ncv~ anchor block~at~thc .loft;abutment of the dam and~a ~ncw roa~ • 

to the powerhouse. 

3. The laboratory, ~Tho model of the Mormon~Flat~Dam was 
constructed and te,~t~d ~in the ihydraul~ laboratory ~ of the ~Buroau of 
Reclamationi~in the basement of the Old Customhouse, 9onver, Colorado, 
in ! 1 9 3 5  and i ; 1 9 3 6 .  " - • 

Water for operating thcmodo! was measured over a 90-dcgzoc, 

ugal pump of :3-cubic-foot-per-second capacity. A skimmin~,w~ir of 
aoproximately 32 'foot long made it~possiblo ;to mainta:in a constant 
head of ~atcr on the tank. The wa.ter-~s a dm~ttud ifrom:this tank 
through a calibrated gate v~lve ~into a he~d reservoir. ,The :Mormon 

"t Flat Damand spillway wore built:into:this head reservoir. The %a or, 
after fl~ving over the spilh,:ay mOd~l, ~as returned to the ~woir tank 

h ~- mo~_~ flumc~ and recirculated. through a s '~oet- +~ I 

4. Description of thc~modol, ~Themodol of the damand 
spillway vms constructed to a scale of 1 to :90, The arch,dam was 
represented in the model :by a shoot of galvanized ~stool~bent ire 'the 
proper radius of the axis of thc~d~m~, The spillway crest sections 
wore constructed of liEht-gago sheetmotal and the piers wore ~of red- 
wood, in%he ori~.inal model. ~In clterations and ,revisions of the 
spillway crests, the crests wore cast of neat cement bct~con sheet- 
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metal 'templates. The topography, both upstream :and downstream.'.from 
the dam, ~as, approximated '..by ~slopes .installed in-,wood in :the ,,,original 
model ° "Later,, the topography-was east with sawdust concrete ibetween 
sheet-metal ~templates "set:at 'the 'proper ~elevation: and alineme.nt. '~The 
depth of ithe ~forebay: directly, above the. dam-~as "limited :to ~approxi- . 
mately. 80 ~feet, :pr0totype, ~ below !.the !parapet ~. of ~the at.oh. ~.This ~was ' 
ne ee s sary be oause of •i.the ~ i ack ,. of ! head ~.roc~,and ~limitati ons ~ due ~%o r'~the 
weir tank below° The..~ogee ~seetions ~for :the auxiliary-spillway'on :.the 
main arch of !.the dam ~.were of :redwood. ~.The Teservoir ~elevation was 
recorded : from. ho0k ~gago :.readings ~in~ a :stilling .well connected ~o the 
forebay~ The tail-~ter "level was controlled ibya .hinged weir.at ~tho 
downstream end of the ,.ta:il-~ter .box, and'i%he elevations 'wore :road ..on 
a gage oonmeotod~to %he tail-~ter :box. 

5. ~Disohargc :capa.cit~and :flc~.~.uonditions. 'At-a pond'01e- 
vation:of 1671, ~.top.'of ~the ! parapet .:of ~tho arch, and with :.th3 .proposed 
auxiliary spillwa. .ys ..'(notches) ._closed off, . . . . . . . .  .the :flood flewmoved swiftly 
through ~the approach and bankod .on ~tho '.Upstream ::~sides Of the •piers .~on 
~the spillway- crest.. Nearly ~ half of ~cach .gateway•was: void, .~due °to ,the 
sudden change of direoti0n, of ?the ,approac.hlng .,flood ~uten. ~:Tho :ox- 
cessive.velocity,.~turbuloneo,, and eddy !loss :reduced ~.the effective ~head 
ontho gates. This .condition,. along with '~the :~r.educod .. effectivu --crest 
..length, .limited ~. the ,-discharge ~to approx~-~ely 80,000 cubic -feet :per 
secondat pond 01ovation 1'671. The~flow ~characteristics of-~%he 
approach .channel improved.~as :th~ disohargodecreased, The ~lcngth.of 
the .spillway cres t ~beeam~. more .effective with the :smaller ..vo!-ocities 
in the approach-channel° ~Curve A, ~figurc ~l, ~iindicates :the .~-disckarge 
of the original, structure. 

With :the notches in ".the dam open, :it ~:v~s ~found that :the jflow 
to the ogee spillway.was unaffected. '~The'total.-.effect of :,the notches 
on the required ~head ~for flood,flows .:is shown.on~.curve B, .flgur .1. 

Several 'training walls in ~the approach:wore .tried ~in:an 
effort ~to .reduce ~the head if:loss and !to :guide ..the Slow ~to ~malnt~mn.a 
maximum effective crest length ° ..The: most effective ,training:.wull 
was ' that dividing !the flow ~.bet~'ecn ! gates 3 and .4, ~.with a ~rounded ~en- 
trance ate,the ~right. side ~of gate .l..;Other ~positions .of .trainlng walls 
were • re i ative ine ffeotive ° 

The : roadway.over .the dc~n~ and :spillway:was reproduced :in .the 
model. Curve C, figure !I, shows thc:discharge~at~rosorvoir eleva- 
tions whose . floods ..oventoppod the dam .:and ,-g:ttos, 

:A restriction in :the:spillway approach .channel ~ near gates 
'! to ' 3 .was. removed amd -the approaoh.deepened. The resulting ~increas cd 
capacity ::is . shown on curveD, ~figuro Io 
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The curves on,figure I indicate the progress made ~in the 
selution~of the approach. Inasmuch as itwas required that 150,000 
cubic feet per second be passed over the •spillway, the problem was 
left unsolved pending further~considerations as to the improvement 
of the spillwayapproach. 

6. Effect~of various buckets and auxiliary dame Various 
types and combinations/0f-buckets were tried on the original ogee 
spillway to reduce the erosion and splash in the~riveribelow. None 
of the buckets triedwas entirely satisfactory. ,An auxiliarydamwas 
proposed for installation, about~l,500 feet~downstream~fr~theilarge 
d~,to ~ontrol the tail water for the spillway and t}~•powerhouse, 
In the tests of the buckets, it ~as~found that the auxiliary~d~ was 
of little or no benefit inchecking erosion and dissipating energy 
of the spillway discharge. Plate 1 shows the model of original 
structure before alterationswere made. 

7, Tainter gate:spillway one, the dam, At this~stage of~the 
investigation itwasmdecided to block off the originalspillway and 
remove a portion of the arch dam parapet and the auxiliaryspillways 
and to cast an ogee crest on the arch at elevation 1643. The~gates 
of the original spillwaywcre to be ~ used in this installation, ~An 
apron consisting of a concrete slab~supported bya structural-steel 
framcqvork secured to the dam~s intended to conduct the flo0d flow 
from the crest radially inward ovcr~he p~verhouseanddistribute 
it with a minimum of disturbance to~thc tailrace. 

In the model, this:spillway was cast in concrete. Three 
additional gates were added to the model to the left of the nine 
proposed on the design drm~ing. Thiswas done to determine thebest 
position for nine gates, As theinvostigation.progressod,!piczomoters 
were placed in the crest and apron to determine the pressuredist~i- 
bution. 

Various combinations .or groups of sates revealed.no great ~ 
improvement over .the nine prooosed originally. The convergence of ! 
the flow from the gates formed a high "co comb" at the ~ tip of the 
apron. The erosion in the t~ilrace w'Ls tremendous, due ~to ~he largc i 
vortical component of velocity. To relieve this situation the apron ~ 
~;-~s leveled out, first at elevation 1561.28 and~later at ~levaticn i 
1583.46. The aprons diroctod~thc jet to givc a sprcad o v e r  the tail- i 
race. The higher apron was the more offective~in el~ninating boiling 
in the tailrace. This discovcrT, / suggested ~' a revision in the, design :~', 
which involved the features as sh~'m in figure 2. This model per- 
formed quite satisfactorily but was considered not feasible fin the 
prototype because ~of the cost of construction, among other reasons. 
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The discharge ~capacity~ Of this ~ spiilway ii s shown in figure 
2. The pressures developed on the:crest, ~apron, and bucket~are also 
shown ln figure 2. 

Plate II shows the best ~development of the model. :This is 
also shown in::£igure 2. 

8. The ~ eschelonltainter g~ate ~spillway. • ~The ~tainter iEate 
spillv~y~on the dam being found:impracticable, ~tne orxg!nal ~spillw y 
was rebuilt~ an~ the :approach Chann~l was ~:deepened ~and ~broadened ~Las 
much as pra~mtioable ~ within ~ithe ~limits ~, of ~the :;field .menditions, ~On 
the original spillv:ay it was £ound that ~the :inefficiency was~ due %0 
two princiPal reasons : sudden change fin direction of flov~imme- 
diately preceding ~ the ~crest, and eXCe s sire ~ drawdov:n duo to :re stricte~ 
c hanne I • 

~Several ~calibration ~tests revealed ~that the greatest flood 
discharges that couldlbe passed over the ~spillway by Widenin~ and 
deepening tho approach lch~In~l ~rc 120,000 to :130~O00~c~Bic ~feet per 
second at ~pond elevation~lS7P. 

~. This: de sign %~s :~' rcmovdd ~and the ~ cr e st- ~s ~ reconS %ructed, 
the ; gates ~being ~in echelon V;ith ~resoect <to each other :~in ~plan: and 
alinement, much the ~:s~me as ~shown ~in ifigurc :~, except ithat ~ates ~:I 
and 2~ were ~als o echeloncd : in alin~mont. ~The i:prineipal diffi~culty 
~ncountered in this type of ~ spillway, situated ~ as ~ shov, u, ~vnxs ~he ~tre- 
mendous drawdown on the ~scroll v~ll :at ~tho right of ~gato >l, affect- 
ing gates 1 and 2 • The drawdown not only limited the discharge due 
to head loss and limiting the~effocti~c ~len~th of the :c~9st :o£ ,Eatos 
1 and 12 but caused excessive overturnin~:moment~ ion :the~ sBroll:~l !. 
It was found to:be impracticable to :do si~m for this condition. ~¥ari~ 
ous :sizes and shapes of:s crolIs were tried ~in: an :effort %0 ~ arrive at 
a solution within the :limits ?o£ ~practical design. 

After :an exhaustive study :of .mthe drawdown problem at gates 

[ 

.:LL • 
• %[°• 

sorolL~ll giving~the ~bcst iflow,:conditions. The bench upstream !~ 
• gates i and 2 ~as :rounded off ~s ~indicated on scctlon ~B-B, ?£igure~3° 
The prototype ~dischargo:for the :final cchelon~ spillway as shown ~in 
figure ,4' v~s i~9,959 ~'oubic feet ~per :,sc~oond at :pond,olcvat ion 71.672 ;00 °~ 

The aprons and buckets :conducted the ~fYood water quite 
smoothly over ~the~roadway. Buckets 1 to G!wcro given:Sufficient pitch 
to tkrow the!:floo~ater over ~tho roadway ~hto the ~tailracc. Ap:ons 7 
to/9 were c~ntilevcred over ?the roadv~y to insure against ~tho~orosion 
of the road. Pl~te 3 :sh~,~s the modol~in ~ operation. 
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9. Tapered curved spillwa~. It~has boon sho~n that the 
limiting condition in the design of the origin~l and the ,echelon 
spillway was the chan~o in direction o~ the approach channel which 
restricted the flow and caused rather unsteady flow conditions. The 
fourth and final dos i~ of the ~orm~n Flat spill~,:ay ~s th,~t of a 
curved, tapered ohamnel controlled ~by t~o ~50-by 50-foot stoney gates 
at the crest. The crest of the initial design was sot at elevation 
1611,0. Before the model of the initial d0sign ~s completed, the 
crest was rcdoslgncd at elevation 1612.5, and the preliminary tests 
wore made on t1~o model thus altered. Figure 5 shows the initial 
model. The discharge at pond elevation l~T1.0 wo.s 144,000 cuNic foot 
per ~coond, approximately. 

The crest v~s l~vorcd to el¢:vation ~ 1611.0 and. was a•diffor- 
ont shape than t~t used at elevation 1612.5. The discharge at pond 
elevation 16?l.0 v~s approximately 145,000 •cubic foot per second. As 
the shape of the crest used at elov~,tion 1612.5 had alar~or discharge 
coefficient than that used at elevation 1611,0, the former was used 
at olovation il~10.5. Figure ? shows °the ~rolativc capacities of the 
spillways sot at the three different 01ovations. 

Alon~ ~vith the observations of disch.~rgo noted above, it 
was found th.~t a cut-off v~all to the !loft of and upstream from the 
gatc section ~:.s necessary to prevent fl~,~ over the left gate abut- 
mont. The transition from the ~.tc sccti:~n to the 1:4 slope on the 
right side was too •short and caused, ~in part, a sud~Icn drawdc~vn on 
the right side of the spill~y channel from station 6+00 to station 
6+50, ~=nking on the ilcftsidc. This was partially corrected ~by 
lengthening the right tr:~nsiticn wall extending from station 3+84 
to station 5+04. A revised pier also improved the v,~tor surface 
throughout the ck~n~n~l. 

A rounded transition v~ll upstream of the gate section on 
the loft side was found to improvs the flow conditions through the 
gates and down the channel considerably. 

All of the rovisions\~oscribed in the forcgoin~ paragraphs 
are incorporated in the recommended design, the model drawin~ of 
which is shov~ in figure 6. Pl~tos 4 and 5 showthc recommended do- 
sign as developed in the m0dol. Figures 8 and 9 are the prototype 
plans of the final design, developed from the recommended desi~. 

i0. Stremulinos. Velocity direction obsor,~,tions arc 
shmvn in line diagro~n for~n in fig, urc ~I0. The " "" ~Iroctlcn of velocity 
was determined by susponding short lengths ~-f thrcad in the strc~u 
near ~tho water surface and near the bottom of the oha:mlel. 
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TAPERED SPILLWAY 
FINAL DESIGN 

DISCHARGE 150,000 SEC.-FT. 
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"Drain - ,  
I~'*Anchors 

6' t  both ways 
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.NOTE 
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. . . . .  ~ f 0  '7~ 7S,' Lc.ISO, Rc • 250 "- 
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, El#3e9T.I vert. to 5to.~+Z] 0.2~:1 sloD~ 
• " ~ "  ££1.17#L50 
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deep about  Io'crs, .. 
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PROFILE ON .~  OF SPILLWAY 
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/The streamlines upstream~from th~c~icft i~gatc were normal 
to the crest, ~At ~thc~crost, the strcaml~es near ;th0 top,and ~bottom 
were generally normal to i the crest, except iin a~small area near ~the 
center of ~the ~gate ~whoro the velocity oscillated slightly x. a ~i- 
rection from right to ~ft. 

Upstream ! from ~the ~right gate ~ho ~flow~ on the bottom ~im- 
pinged on the !pier at quite an~approciable angle and ~continucd in • /i 

st the extreme ri'ght n~ar th~ curved wall, 

At station ~4÷50 ~the streamlines near ~o sur~face and ~noar 
the bottmu wore nearly parallel to the center line except~In ~tho 
turbulent~ area i~nediatoly downstream from the/pi0r, ~he streamlines 
throu~hout ~±he~remainder of the channel appeared to,be ~ideally 
patto rn0d. 

Ii. Water surface measurements. Water surface sections of 
the discharge of 150,~59 cub~cfoet Per second,in the final design 
are shovn~ in figure II. 
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