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SubJect: Hydraulio model studies for the redesign of “the $pill-
~way .for Mormon Flat Dam, Salt River prqject Arizona.

: 1. Summagz. The hormon Flat Dam splllway as ‘construoted,
1923-1925, was found to be inadequate for ‘the expected meximum flood -
flow. of 150,000 cibic feet per second. . .In- ‘order ‘to checi:: altera~
tions in ‘the redesign . of the- ‘8piliway, & model of the - dam, :spillwey,
and pertinent topographw was constructed to- the acale of 1 to 9Q,.

o Alterations of the origlnal des1gn falled to inoreasc the -
flood discharge over the spillway appreciably. Even.wifh‘the agd-
dition of an-auxiliary crest at elevation 1666.2 on the moin: aroh

-of the dam, the prototypo. dischnrgu .2t pond - elevation 1672 ‘was only

approximatoly 85,000 ouble feet per scoond,. The- maximum prototype .

‘discharge ‘that-oould be passed over the- original gates ‘Was -approxi-
mately :105,000 cubic Peot per isocond, ‘tho; ‘approach chamcl ‘having
‘beon doepenod and widened and tralning walls o tha plers having

been 1nstallod.

The - urlglnal sPillwaJ was. blocked off ang - thc nine . gate-

~ ways for tho ‘taintor gates wore: constructcd -on an ogoo ercst on thc‘j

main‘arch of the dom at olovation 1643, An: apron -eonducted tho dis--
chnrge from-the ercst-radinlly invard ond- down rover ‘tho- .powerhouse
totho tailrace. The maximum:floed -of 1150,000 cubic. foct per seeond

could bo passed ot pond clevation 162345 quitc. satlsfac+or11y. “How=

.evor; ‘it was deolded to: abundon ‘“this dealgn bscausc of d1ff1cultles‘

in and the ompenso of uonstructlona

o The or1v1nal d551gn WS - ag“zn bullt 1nto thc modﬁl,and

Cafter; consmdcrablc .observation, 'the gatus wera. dos;gncd in: echulon b

with respect to each, other [invlen and alinement. This. splllway 3
passed noarly the. meximum £1ood Flow of 160,000 cublc oot - “PeY . Sege
ond at pond clevation 1672.  Difficulties in the design ‘and .construc~
tion-of o seroll woll atithc. ‘right. '8ido of - thc approach to gatc 1

'prcventcd the odoption of thls plun.-

~The fourth and flnnl spllrmay tcstcd ‘was ‘a taperod curved

channc). located in the srea oceupicd by the origxnax spillway. It

consists of an ogoc erest at clovation 1610.5 and a tapered, - -curved




e

powerhouse roa&way into the river. Several shapes of orests were
ﬁinveutlgated as “to- efficlenoy at several elevaticns.. ‘Also, several
shapes:of piers were tested to produse: smooth’flow ‘dawn “the . channel.
‘Two 80=" by Eo-foot stoney g&tes eontrol the dlscharge.

: e The Q;qject- The Mormon Flat Dum is 1ocatcd 1n _
‘Maricopa County, scuth central Arizona, 40: miles: downstremm from ‘the
‘Rooseveit Dam on ‘the:Salt River. /It is a" eonorete, variable radius,
arch dam'with a maximum-height: of 229 feot, Tt was uilt by the
Selt River Weter 'Users! . Agsocdiation under the ‘general -supervision of -
the Euroau of Peolamntion.and wes: completad 4n 1925, 'The flow of
the river.filuctuates widely, varying’from e low ‘flow of ‘several hun= .~
‘dred second=foet to £ maximum floocd .of : 160,000 ‘second=Teot, It was
found :that the’ spi’lwuy of the: dam as originally:- de31gned and built
‘we.s inadeguate for the: oprotyd maxinun fiood flow, Pursuant to-a
" eontract botweon the Bureau of ‘Reclomation and tho Association, ‘the = i
‘Burcau reconstructed ‘the spillway structurc:of ‘Mormon ‘Flat Dam. This R
“involved the removal Jofa major part of ‘the :original- sp;llway, in= o a
stalling two new. 50~ Ly ‘50=foot" rogulatlng gatos, goto ‘hoists, and -
motors; 1nsta111ng w0 (25 Kva=a gasollﬂo—drlvcn gcnermtors- rcmoving
R ‘ and storing tho mine radial gatoes of ! itho -origingl - 4dnstallotion;
S ' groutlng the .foundation:of the splllwny ‘gate fstructures; and construct—
Ang o new onchor “block. at thc loft ubutmsnt of tho dam and o now road
ta thc powcrhouso.,j-.,- - SR ST

S : 3. The 1aborato:y. Thc modol of tho Mormon Flat Dam.wusrA
constructed and bostod in “tho | hydrwullc luboratory of ~tho '‘Burcau of
chclamutlon An thc baSum»nt of tho 'OLld- Customhousc, Denwer, Colorado, R

Wbtor for oporutlng thc mmdel was moasurud ovmr a QO-dcgroe,

V-noteh: wclr An o tank 12 :by .6 by ¢ fo»t deep. The water wos [lifted.
-from -the ‘sump rof :the-woir ‘tank to .o constunt-levol dank by B centrif- ‘
-ugel pump.of: 3-cubio-foot-por-second copacity. A skimming woir : ‘of )
hnproximntcly ‘32 ‘foet long made ‘1t possible ito mointadin a; constant A
‘heod of woter on . the: tmak.‘ “The .water wus: edmittdd from this: tank .{1 B
_through o ecalibrated gate valve into a heud- rescrvoirs Thc‘Mormon ey
Flat.Dem and spillway were: ‘built into ‘this ‘heed ‘reserveir. The water,
caftar: flcwing aver the:spillway model, s returnbd “to :tho: wcir tunk '
through o sbaat—motul flumu, and r901rculatad., o :

_ 4. Doscrlptlon of ‘the model. Thc ‘model of the' dam and 0T
'Splllway-was constructed to a.ectlo of ‘L to:90. “Tho orch.damwas i
reprosented. in thé modcl by .o sheot of . gulvwnlzed stoul ‘bent “to the - =
‘proper ‘radius of the axis of the dim. ~Tho spillway.erost: seotions
“werd constructed.of ‘Light-gago shest motcl and the plers worc :of rod-

;;. ‘ . - wood, ‘in the origincl medel. -In clterations and rovisions of the .
: o - .s5pillwony -ercsts, the cr;sts_worc cast of neat cementibotwoon sheeb= .




metal templates. ‘The topography, both upstream end downstream.from -
+the ‘dam, ‘was approximated by " slopes inatalled ‘in - wood in ‘the ‘original

model. :later, the topography was cast with sawdust :conorete between
‘sheet-metal ‘templates ‘set st 'the ‘proper elevation and alinementa Theo,
‘depth of ‘the’ forebay: direotly ‘above ‘the dam was 'limited ‘to: aporoxi—ls'

“mately 90 ‘Teat,: prototype, ‘below the :parapet ‘of “the: arch,  .This was .*'
-neoessary ‘beeause -of ‘the lack: ‘of *head 'room:and’ ‘1imitations - due o tho_‘
-weir tank below. The-ogee sections. ‘for tho: auxillary spillway ‘on 'the
main‘arch: of ‘the: dam>were of: redwood.- Pho 'reservoir elevation was:
.recorded from hook -gage : rcadings ‘in’a “8tilling woll ‘connooted %o ‘the
forebays Tho' tailewator ‘levol wos controlled by & hinged woir:at the

downstream: ond “of the tall-watcr ‘box, rand the elevations wore rond ‘on

a- g&ge oonnectod to’ tho tail-ﬂater box. g

. “Ba Disohnrgc oqpaoitv and £ Low . condltlons.‘ Am a pond ele-‘
vation: of 1671, “top-of ‘the parapet:of “the erch, and with the: proposod

-auxiliary ‘spillweys (notchos) :closcd ‘off, the Tloed Tiow moved swiftly

through tho appronch and- banked on ‘the: upatream :sides of ~tho piors.omn

‘the spillwey crest, - Noarly. nelf “of cach gateway was-void, duo to the

-sudden : change of dirootion of ‘the: approaching flood wnter. The - ex-,f~

.cessive: voloolty,,turbulonoo and .eddy ‘loss reduced the offcative’ head.:
-on " the gates.“ "This -condition,- ulony with+the. reduood dffective crest
- .length, 1limited-the -discharge ‘to: approximatoly 80,000 -cubic ifeot per

second. ot ‘pond olevation 1671. "The ‘Tlow: characterlstlcs of- ithe :
approach: channel improvod -as the dlsohargo ‘doercasede ‘The ‘length of

the spzllway crost beecome nore: cffootlvo with ithe ‘smaller :vologities:

in the ‘approach: chmnnol. Gurve A flgurc 1, 1ndlcatos thc disohnrge e
of +thc ormvinnl structuro. B A ; ‘ '

With'the': otehos in tho dum opun, 1t WQb found that tho flow"
to the.ogee. splllway-was unaffeotod._ “The ‘tetal: &ffoct cf the notchos

~an the- roquired heud ifor floﬁd flows 15 shown ‘on ourvc B,‘fxgure l._‘

Severnl tralnnng walls in- the approaoh woro trlod An an’

effort to:.redyce - tho ‘head ‘loss and sto guldc the flow ito: mointein o
-maximum: offectivo  crost "length. . Tho most . effoot1v0Ltrain1ng wedd

‘wa.s - that -dividing the flow:between ;gates '3 and -4, with o rounded. on- e
' trance ot the right side. .of gate l. Othor p051t10ns of training wallsf N
;wero rulativc ineffootlve. TR, 3 ; e o

The rondwmy over the d“m and spzllwny was roproduccd in the o

" modol. Curve C, Tigurc 'l, Shows thc dischargd ot rosorvoir, clevu-"-"

:tions whose floods ovortoppod tthe | dnm and gdt089~‘

A reatrlotlon in the splllwuy appro&eh channol near gatas‘j‘;
1 to 3 was removed and-the approceh.dcepencd. Tho resultlng 1noreascd
;copaclty_is_shown on curve D, figurc 1.
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. The curves on: figure 1 1ndlcate the nrongSb made in the
.solution-of the approach.  Inasmuch as it.was required that 150, 000
cuble  feet per second be passed over the :spillway, the problem was
- "lef't unsolved pending further consideratzons as to: the 1mprovament
- the spllbway approach. . : U S

‘ B Wffect of various. buckets and . aux1liarv dam.. ‘Various:
‘types: and ‘combina tions of ‘buckets were tried:-on the orlglnal 0geo |
repillway: to: reducc the: crosmon and splash in the river’®below, None
‘of the buckets tried was entirely satisfactory. /An-auxiliary dam.-was:
pronosed for’ 1nstullat10n,about 1,500 fect. downstream from the! barge"
- : dam,to- control .the tail watar for:the ‘spillway end -the spowerhousc.,.
o~ S ‘In-the tests of the’ buekets, \it was found ‘that: tho: auxlllarv dam’ was
- ' “of .1ittlc or-mo bencfit . in-checking orosion and- d1331oat1n5 enorgy -
of the 3pillway discharge, 'Plate 1 shows tho modol of : origznal B
structurc beforo. altaratlonS‘werc made. - : R

.7, Taintor gate spillway.on. tho dam. »&tffhiézstage*ofathe
sinvestigation it was: docided. to block off :the original:spillway: and
‘remove: a portion of the arch: dam: parapct and.the- uuxiliary spillways

of tho ormg;nal spillway wore'to be used in this installation. -4n
apron. consisting of a cencrete sleb.supported by.& struetural-stecl
framowork securod to tho dam was’ intondoed to conduct the flood flaw
from thc crost.radiclly imward over tho . powerhouse ond dlotribnte
it with o minimum of dlsturbunca to the! t¢11race.

e ’ In the model thls spillway was cast in: -conerete. Three
additional gatcs werc added. to the model“to the 1¢f% ‘of “the nine
proposed .on the dosign: drawinge: This was dong-to- ‘doterming ‘the bost .
position. for ninc gates., As: thu'lﬂVGSflgﬂtlﬂn progressod plczometers
werc placed in-the croat and. upron to dctrrmlnu thu pressuro d1 tri-
butions : ‘ s :

-,

Varlous comblnatlons or groups of‘rutas rcvrdled o | great
improvement over:the nino nropcsod orlglnallj.l ‘The convcrgence of
the flow from the. gates formed a hlgh M g00ks combi™ at- the-tip of ‘tho
oprone Thc erosion in the: tuilr"ce waAS “tremendous, ‘due to the | darge
‘vortical cumponcnt of wclocity. To rcliovi this: sztuutlon the zpron
wus leveled out, first-ot clévation 1561, 25 ond ; 1ntfr at ulevatmcn -

in the teilracee This dlscOVﬁry suggostud o rovision in the. dosign-

formod quitc satisfactorily. but wos considered not feasible iin the
- prototype bocouse ol . thc cost or constructlon. amang other rcasons._

and to. cast an ogeo crest on'the arch at clevation 1643. "The gatos  ﬂ_':”

1583446, Thc cprons directed: thv Jot %o give o spread cover the tall-u'
racce The higher apron wos. the: more’ ‘effoctive iin- ‘eliminating b0111ng‘;’

whioch:involved: the featurcs .as shovm -in: figurc 2, :This model 'per- PR
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The dlscharge capaclty of thzs splllway is shcwn in flguref_
‘24 -The pressures developed on. the crest aoron, and - bucket are also
shown " in flgure 2.- B e IR o

‘Plate II: shows “the best development of the mod.el.- Tﬁi's s
also shown 1n flgure Be LT : R AR R R R

- 8. ‘The eschelon tainter gate splllway.v Thé‘talnter gate -
splllway ‘on‘the -dam being. found impracticable, “the . original: sp11Iway‘»*
wWeS rebullt and. - the "approach’ channel waS“deepcned arid | brcadcned ‘85

. ‘much-as.; practlcablc within ithe ‘limits ‘of theifield: coﬂdltlons. iOn -

- the: orlglnal splllway 1t was found that the” 1neff1010ncy1vas due ‘to
two.principal ‘reasons: suadon changg ‘in-direction of flow!: 1mme~?

~diately precodlng the: crest and GXCu331V0 drawdovn duc to restr1cted
channela Co B - - - :

Saveral callb"atlon tssts rcvealem that tho greatcst flood
dlschargas that ‘could’ be: ‘passed ‘over the:spillway by widening: cand
. deepening: the” approach ‘ehannel were 120 OOO to 130 000 cublc feet per
second at pond Llevutlon 1672..V B : ,

Thls d051gn s rcmovcd and thc crcst was reconstructed
‘-the gptcs ‘being in- echelon with-respectito: each ‘other : ‘An splan and:
alinement, ‘much “the tsame- os sshown ‘in- flgurc B3, except! ‘that gates q -
‘and ‘2 werc ‘also-echeloncd in galinemont. “The: “prineipal . dlf“lculty
,cncountcrcd in this typu of: splllvay;51tuatod as -shown, - wos | the | tre-cﬁ_
mendous ‘drowdown -on the ‘seroll wall: at the ‘right of «gato 1, . affect--
ing. gates )l .and 2. The dravdown. not” only ‘limited ‘the discharge dwe .. . -
to hcad loss/and’ 11m1t1ncr the effootive ilength of “the ‘erestiof - gatcs} _a.""
‘1'andi2 ‘but caused cxcossive overturnlng momcnt ‘on ‘the seralliwalls [
It.was found . to:be 1mpract10ablc to: do515n for thls condition. ‘Varis
-ous 'sizes and shapes. of:scrolls wore itriedin an. offort to arrive. at,‘
a SOlutan‘Wlthln the llmlts of practlcal de51gn.‘;~-- :

: Aftor an. exhaustlve study of the drawdown problem at gates i
‘1 end. 2 it wos-degided ito move tho crost of-gate 1 ‘downstream:in -
'allnemnnt with gato. 2s Thes rlght ¥all.of ggtc ‘1 was connectod ‘to the’
-dom-with . various. smootn-gurvud walls.r ‘Detail ‘A flgure '3, shows" thc'ﬁﬁr'
~ soroll:iwall:giving the best) Llow: conditionss :The bench: upstrcam*f*om
gatesloand 2:wos:rounded off s indicated:on.scetion B<B, . flgurc B
The. prototyvc dlschargo for the: flnal echolon: spillwy as shown-in -
aflgurc 4ows ! 149 959 cublc foet pcr sccond at: pond olcvatlon 1672 OO. B

EI The aprons and buckuts ccnductud the flood wﬂtar qulto ‘
*Smoothly ovor-the rowdway. Buchts ‘1ito 6 worc given sufficient pltch
‘to throw thefloodwnter over the. roadmay 1nto the! t&llr&0u¢ Aprons T
to ‘8 were: cantllevcred over:tho . roa dwey to. insurc: agalnsv tho oros1on

. of ‘the. road. “Plate 3 shaws thc model 1n opcratzon.;w ' -
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Papored ‘surved spllhway. “Ituhas ‘boen shown that ‘the .
limiting: condztlon in tho design of ‘the ‘original and tho ‘ochelon
spillway was the chenge ‘in dircotion of the approach ‘channel: whmuh
restrictcd tho flow and ‘couscd .rather unsteady flow conditions. The
fourth and final design of “the Morman Flet 'spillway wns thut-of a
curved, tapored ohamnel ‘controlled by two 50« by '60=foot ‘stoney gatus
ot tho.orost. Thoorcst of the initinl ‘dosign wus sot at:oclevation
1611.0. Boforo 'tho model. of '‘tho initinl design was ‘comploted, the

erest was rcdos;gncd ot clevation 1612.5, and ‘the prcllmlnury tosts
woro mado -on tho'model thus-altored. .Figure 5 .shows tho. ‘initial”
modol. Tho diseharge ot pond olevutlun 1671.0 wes 144 DOO cublo foot
por eocond anprcxmmﬂtcly. : ‘ . B

. 'Tho crest was lowored ‘to: clovﬂtlon 1811, 0 and was ‘o dlffor—
ont shapo ‘than that used ot olovetion: 1812.5." The dischargo at pend.
olovation ‘1671.0 wos approxinmtely 145, 000 cubic foct per sceond, As
the shapo of the crost uscd:at: clovetion: 1612.5 hod "o lorger dischorge
coofficicnt then thot used ot olovntlon 161140, the former:was uscd

- ot olovation 1610.6. ‘Figuro 7 shows 'the rclﬂtivc cnpacltlas of the
spillwnys sct rt thc Shrec dlffurunt GlGV&thnS- , :

Along w1th thc obsorvabions of dischargc notcd ubove, it
was found that o cut-off wall to the laft of and upstroom from tho
gatc scotion wis: nceussary to provent Tlow ovor the left: pato abut-
ment. - The ‘transition from the gate sceticn to the 1:4 slepe on ‘he
rlght side wes too-short and. causcd, An ‘part, a‘sudﬂbn dramdown on
the .right sidc of tho . 3pillway channol from station 6400 to- gtatlon
6+50, - uﬂnklng cn the left sidce  This was partially. crrruotud by
longthening the right tr.n81t1Ln wall oxtcndlng from station 3484
ko staticn 5404 A rov1sc* picr ‘lsc 1mnrovud the water: surfaco
'thrnuﬂhuut the ehannely '

4 rounded’ tran81t1"A woll upstroam of the gsto sectloﬂ on .
the loft side was :found to improve the flow- cundltlons through the :
gatas and down the chanol ccn51cornbly. | - '

.\, i

All of tbc rov131onsmioscr1bnd in the [ forcgoing paragraphs
aro 1ncorporatod in tho rccommondce design, the medel drawing of
which is shovm in f;gurc 6, ‘Plates 4-4nd 5 show ‘the reeommendoed do=

sign as-doveloped in-the modol. Figures 8-ond 19 arc the nrotqtypcf :
_plmﬁs of tho. flnﬂl d031gn, devoloped from thc recommondod 6081gn.

10.,,Stroamllncs. Voluclty;ulroculon mbsarvntlans,are
‘shown in Yinc diapgram Torm in figure '10. The directicn of volooity
© was .detormined by suspending short lengths of thread in the strcam
near :the water surfacc and ‘near ‘the bottom of tho ‘channel.
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