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'•> Denver, Colorado, Jo.nunry 15, 1940. 

IVIEMOR.i\..J.'IDUM TO CHIEF DESIGNING ENGINEER 
(H. M. Martin) 

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

1. Summary. The �\Tormon Flat Dam spillway as constructed, 
1923-1925, was fou..nd to be inadequate for the expected maximum flood 
flow of' 150,000 cubic feet per second. In order to check altera­
tions in the redesign of the spillway, a model of the dam, spillway, 
and pertinent topography was constructed to the scale of 1 to 90. 

Alterations of the original design failed to increase the 
flood discharge over the spillway appreciably. Even with the ad­
dition of an auxiliary crest at elevation 1666.2 on the main arch 
of thE- dam, the prototype dischc.rge at pond elevation 1672 was only 
approximately 85,000 cubic feet per second, The maximum prototype 
discharge that could bG pussed over the original gates was approxi­
mately 105,000 cubic feet pe� second, the approach cham1ol having 
beon deepened and widened and training walls to tho piers having 
been ins ta.l lcd. 

Tho original spillway was blocked off and the nine gate­
ways for tho taintor gates vrnre constructed on o.n ogce crest on the 
main o.rch of tho do.mat elevation 1643. A..� apron conducted tho dis­
charge from tho crest radio.lly irnvard ::md doi.rm ove;r tho powcrhousG 
to tho tn.ilrace. The maximum flood of 150,000 cubic feet per s0cond 
could bo passed at pond elevation 1623.5 quite satisfactorily. How­
ever, it was decided to abandon this d8sign been.use of difficulties 
in o.nd tho expense of construction. 

The origino.l design Yl"D.S o.gc.in built into the :nodal, and, 
aftl,r considcro.blo obscrvc .. tion, the g'.�tos w..:,ro dcsig:..1.cd in echalon 
with respect to co.oh oth0r in plc .. n c,nd c.;.lin0mvc1t. This spillway 
po.ss0d noci.rly the mo.ximum flood flo-w of 150,000 cubic f0ct per sec­
ond a.t pond olevo.tion 1672. Difficultios in tho design n.nd construc­
tion of a scroll wn.11 at the right side of the o.pproc .. ch to ga.to 1 
prevented tho o.doption of this plo.n. 

ThE- fourth and fina.l spillwo.y tested wr..s o. to.pored, curved 
chc..rLYJ.Cl loco.tcd in th,, arc::i. occupied by the original spillway. It 
consists of ::tn og0c crest at clova.tion 1610.5 c .. nd a tn.porcd, curved 
cho.rmol 416 feet iE length from the er.est, disch:..nging ovor tho 



.> powerhouse roadway into the river. Several shapes of crests were 
investigated as to efficiency at several elevations. Also, several 
shapes of piers were tested to produce smooth flow down the chan:nel. 
Two 50- by 50-foot stoney gates control the discharge. 

2 l'- The project. The Mormon Flat Dam 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 dam with a maximum height of 229 feet. It was built by the 
Salt Fiver Water Users' Association under the general supervision of 
the Bureau of Reclamation and was completed in 1925. The flow of 
the river fluctuates widely, varying from a low flow of several hun­
dred second-feet to a maximum flood of 150,000 second-feet. It was 
found that the spillway of tho dam as originally designed and built 
was inadequate for the expected maximum flood flow. Pursuant to a 
contract betwoun the Buroau of Roclamation and the Association, the, 
Bureau reconstructed the spillway structure of Mormon Flat Dr@. This 
involved tho removal of a major part of the original spillway; in­
stalling two nevi 50- by 50-foot regulating ga tc,s, gato hoists, and 
motors; installing two 25 kv.-a gasoline-driven generators; removing 
and storing tho nino radial gates of the original installation; 
grouting tho foundation of tho spillway ga.tG structuros; and construct­
ing o. now anchor block at the lG ft D. butmcnt of tho do.m and o. new road 
to the powerhouse. 

3. The labon,tory. Tho model of the Mormon Flat Dam was 
constructed cmd tostod in th0 hydraulic lo.boro.tory of tho Bureau of 
Reclamntion in the basement of tho Old Customhouse, DGnv0r, Colorado, 
in 1935 and 1936. 

Wntor for operating -tho model wa.s measured over a 90-dogroe, 
V-notch weir in a tank 12 by 6 by 4 foot deep. The v.ntcr was lifted 
from the sump of tho weir hmk to £' .. constant-lev0l tank by a centrif­
ugal pump of 3-cubic-foot-por-second capo.city. A skimming weir of 
a.pproxima.toly 32 feet long made it possibl0 to mo.intiin n consta.nt 
hoad of water on the t�k. The water v.ras �,dmi ttvd from this tc .. nk 
through a ca.librG.ted gate w.lve into a hortd reservoir. Tho Mormon 
Flat Dam and spilhvaywor0 built into this head r0servoir. Tho v,-o.ter, 
aftor flowing ovor tho spillwo..y model, vms returnod to tho woir tank 
through a sheet-metal flume, and rocirculat8d. 

4. Description of tho model. The modol of the do..rn and 
spillvmy vms constructed to a scL�lo of 1 to 90. Tho o.rch dam was 
roprcsEmted in the model by Cl. sh.cot of gc.l vc,nizod stool bent to tho 
proper ro.dius of tho nxis of tho d�im. The spillway crest sections 
wor0 constructc.d of light-g::i.go shcE:t m0tc..l and tho piers vrnrc of red­
wood, in tho origin�l model. In �lterQtions Qnd revisions of the 
spillway crcs ts, th0 crosts ,,v.erc cast of m,at cement bctwoon sheet ... 
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. > 
metal templates. The topography, both upstream and dovmstream from 
the dam, was approximated by slopes installed in wood in the original 
model. Later, the topography was cast with sawdust concrete between 
sheet-metal·templates set at the proper elevation and alinement •. The. 
depth of the forebay directly above the dam was limited to apnroxi­
mately 90 feet, prototype, below the parapet of the arch •. This was 
necessary because of.tho lack of head room and limitations due to the 
weir tank belowo The ogee sections for the auxiliary spillway on the 
main arch of the dam were of redwood. The res0rvoir elevation was 
recorded from hook gage readings in a stilling vrnll connected to tho 
forobay •. The tail-water levol was controlled by n. hing0d weir at tho 
downstream end of tho tail-water box ., and the elevations wore read on 
a gage cmmectod to the tail-water box •. 

5.  Discharge co.pacity and flow conditions •. At a pond ele­
vation of 1671, top of the parapet of the arch, and with tho proposed 
auxiliary spillways (notches) closed off, the flood flow moved swiftly 
through the approach and banked on the upstream sides of tho piers on 
the spillway crest. N'oarly half of each gateway was void, due to tho 
sudden change of direction of the n.pproaching flood 11tc..ter. Tho ex­
cessi vc velocity, turbulcnco, and eddy loss reduced tho effective head 
on tho gates. This condition, along with the reduced effective crest 
length, limited th0 discharge to approximatdy 80,000 cubic foot per 
second at pond elevation 1671. Tho flow characteristics of tho 
approa.ch cha.nn0l improved as the discho.rgc docroasc,d. Th0 length of 
tho spillvm.y crest bcc[>.nw more effective with the sma.llcr voloci ties 
in tho c,pproach cho.nncl. Curve A, figure 1, indicates tho discharge 
of tho original structure. 

With the 0::otchos in the dc,m open, it wo.s found tho.t tho flow 
to thE:: ogee spillw�1.y ·wa.s unn.ff0ctcd. Tho total effect of tho notches 
on tho required h6ad for flood flows is shown on curve B, figure 1. 

Several training walls in the approach were tried in o.n 
effort to rE::duce tho head loss c.nd to guide the flow to mo.into.in n. 
maximum effective crest length •. Tho most effective training wc.11 
was tho.t dividing the flmv botweon gp.tes 3 and 4, with n rounded 011-

tro.ncc at the rig;ht side of gate 1. Other positions of training walls 
were relative ineffective� 

Tho ron.dway over the drun and spillw!iy was reproduced in th0 
model. Curve C, figure 1, . shows the discharg6 at roscrvoir clevo.­
tions whose floods overtoppod tho d.nm and gates. 

A restriction in the spillwc..y nppron.ch chn.nncl neG.r gat0s 
1 to  3 was removed a.nd tho f'.pproc,ch doepcnod. Tho resulti:<1.g increasGd 
capacity is shown on curve D, figuro 1. 
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, -
The curve s on fi r,ure 1 indi cate the pr o g.re s s  made in the 

s o l uti on of the approach . Inasmuch a s  i t  was required t hat 150, 000 
cubi c feet  pe r s e c ond be pas s e d  over the spi l lway, the problem wa s 
l eft uns olved pendi ng furthe r cons iderations as t o  the improvement 
of the s pi l lway a pproa ch . 

6 .  Effe ct of var i ous bu cke ts and auxi l i a ry dam. Var ious 
typ e s  and combina ti ons of buckets were tr i ed on the ori  g:ina l ogee 
s p i l lway to reduce the e ro s i on and s pl a s h  in the r ive r be l ow .  None 
of t h.::, buckets tried was entirely sat i s fa ctory . .An auxi l iary de.m was 
pr o po s ed for ins tQ.l lati on, about 1 , 500 feet downs tream from tho J.a r ge 
dam, t o  c ontrol tho ta i l  wat0 r for tht; s pi l lway and th0 powe rhous e .  
In tho t e s ts of the', bucke t s , i t  v,a s found that the a uxi l ia ry dam was 
of l ittle or no b ono fit in c h0 ck:ing 0 r o s i on and di s s ipa t ing enorgy 
of the s pi l lway di s cha rge . Plate l s hows th0 mod e l  of ori gina l  
s t ruc turo before alterati ons wer e  made . 

7 .  Tainto r  gate s pi l lway on tho dam . At thi s s tage of the 
i nve s t i ga t i on it was dec ided to b l o ck off the or i gina l  s p:i. 1 1.wny and 
r emove a p o rt i on of the arch dam parapet and thG auxi liary s pi l lv,ays 
and to cast an ogeo cre s t  on the arch o..t e levation 1 64 3 .  Tho gatos  
of tho o r i g inal spi l lw-o.y were t o  be us s d  i n  thi s insta l lo.t i on .  .An 
apron c ons i s t in g  of a c onc rete s lab s uppo rted by a s tr ucturo.1- sto o l  
framework s e cured t o  tho dam wa s intended t o  conduct tho f l ood f l ow 
from tho cr e s t  rad io.l ly i nward ov�-r tho pmvf;rhous c; and d i s tri bute 
i t  with a minimum of d i s turbance to · the ta i l racG . 

In tho mod e l ,  this s p i l lway was c a s t  in conc rote . Three 
addi t iona l  gat0 s wor o  added to the mod e l  to tho loft of tho nine 
pr opo s e d  on tho de s i gn drawing . Thi s wa s d onu to determine thG b e s t  
pos i t i on f o r  nine gato s .  A.s thcc invo s t i gati on pr o gre s s e d ,  p :i. c z omoters 
wore placed in tho cr e s t  and a. pron to dotc, rmin1:. the pres s ur e  di str. i··· 
but i on .  

Var i ous c omb ino.ti ons o r  groups o f  g0.tc s  r ov(:;alcd n o  gn,o.t 
impr ovement ove r the n ine pro:po s od or i ginal ly , The c onv0 r g;enc e of 
thEJ flow fr om tho gate s f ormed a hi gh " co cks comb" at the tip of tho 
c. pr on .  The e ro s ion in tho tli lrc,c0  was tr emend ous , due to the lo.rgo 
vorti c a. l  c omponent of vel o c ity . To  rcl ievo thi s  s i tuo.ti on the apr on 
wa s l 0v0 l od out, first at ,: l 0vs.ti on 1 5 61 . 2 5 o.nd lo.tor at 0 l evo.tion 
1 5 8 3 . 4 6 . The c,prons d ir ected the j0t to give c, s pr ead ove r the tn i l ­
raco . Tho h i ghe r n pron was the mo re effo c ti vo in o l imino.ting boil ing 
in the tai l ro.ce. . Thi s di s covory s uggested a. revi si on in tho d o s i gn 
whi ch involved the feature s as s hovm in fi p.;ure 2 .  'l'hi s mode l  per­
formed quite s atisfactor i ly but was c ons idered not f00.. s i bl c,  in the 
prototype bc cc.us 0 of th(., co st of construct i on, o.mo.t1g othe r r eas ons . 
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The discharge capaci ty of this spi l lway i s  shov,m in f igure 
2. The pressures develo ped on the c rest, apron, and bucket are also 
s how11 in figure 2. 

Fla te II shmvs the best development of the model. This is 
also shown in figure 2. 

8 - The eschelon tainter gate spi l lway. 'l'he ta inter gate 
spillway on the dam be ing fo 1.md impracti cable, the ori ginal spi l lway 
was rebuilt and the approach channel was deepened and broadened as 
much as practi cable within the l imits of the f iel d cond itions . On 
tho original spi l lway it  was found that tho ine fficioncy -rms due to 
tvro principal reasons : sudden change in diro ction of  flov, i.rmne­
d iately preceding the crest, and excessive drawdov:n duo to restri cted 
chan..110 1 .  

Several cal ibrati on tests revealed that tho greatest fl ood 
discharges that could bo passed over tho spil lway by wideni ng  and 
deepening tho approach cha1m0 l 1Ner0 1 20, 000 to 130, 000 cubic foot per 
second at pond e l evati on 1 672 . 

This dGsi gn was removed and tho crest vms ro constructod, 
the ga.tos be ing in e che lon v:ith respect to each other in plan and 
alincmcmt , much the S 8I!1 G  as shovm in figure 3, exce pt th2,t g,atos 1 
and 2 were also ec110lonod in al irn::mont. The princi po.l difficulty 
encountcr0d in this typo of s pil lway, si tuo.tod as shown, v1m.s the tre­
mendous drawdown on the scrol l  -wal l o..t the right of gate 1, affe ct­
i ng go.tes 1 and 2. Tho drav,down not only l imited the discharge duo 
to head loss and l imiting tho effocti vc length of the crest of ga tos 
1 o.nd 2 but causod exces s i ve overturning moment on tho scroll  wall. 
It was f ound to bo imprc.cticc.blc  to desi gn f ·:Jr th is cond i tion . Vari­
ous si zos o.nd shapes of s crolls wore tried in o.n effort to a.rrive at 
a soluti on within the l imits of practi co. l design. 

After O.i1. exhaustive study o f  tho drawdown problem c.t gates 
1 and 2 ,  it  wo.s decided to move the crest of gate 1 d ownstre2..m in 
o.linement with gate 2. Tho r ight wal l  of gate 1 was connected to the 
do.m with various smooth-cUTvod \··mlls. Dctc,il  A, f i gure 3, shows tho 
scroll wal l  giving the best flow· con.di tions .  The bench upstroo.m fr om 
ga.tos 1 and 2 wa.s rounded off c..s ind icc,ted on se cti on B- B, fi gure 3. 
The prototype d ischo.rgo for tho fina l  echel on spi llvm.y c..s shown in 
figure 4 wo.s 149 , 959  cubic foot per se cond ::::.t pond o lov::-ltion 1 672.00. 

Tho aprons o.z1d buckets conducted tho fl ood wo.tor qui to 
smoothly over the ro::idwo.y . Buckets 1 to 6 were gi vcn suffici0nt pitch 
to throw tho floodvmtor ovor tho roC:tdvmy into tho to.ilrace: . Aprons 7 
to 9 vrore co.nti lovcrcd over tho roo.dvmy to insure o.gainst. tho erosi on 
of the roc..d. Plc..to 3 shows the model  in operation. 
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9. Tnpered curved spillway . It has bucn sh,wrn that tho 
limiting condition in tho des i gn of the, original o.nd tho echelon 
spillway 1,yas tho chc�ngc in dir ection of the ::1.pproo..ch chc..nncl which 
restricted tho flow :::md cc.used ro.thor unsteady flow conditions. Th0 
fourth o.nd. fino.l desi gn of th0 Mormnn Flat spillvrn.y v,rns th'.:lt of a 
curved , tapered cho..nncl controlled by tw o 50- by 50-f0 ,.1t stoney go.tcs 
o.t tho crest. Tho cre s t  of the initic,l dosig..11. w o.s so t o.t elevation 
161 1 . 0 .  Before tho modol of the initio. l d e s ign was cc,mplotod, the 
crest was rodes ignod o. t olova tion 1612. 5, o.r1d tho prcliminc.ry tests 
were ma.do on the model thus CLltorod. Figure 5 shows tho initio..l  
model. Tho discharge o.t pond olovc,ti un 1671.0 wc.s 144 , 000 cubic feet 
per second , approximr1. tcly. 

Tho cros·t was lowere d to clcvt:1.tLm 1611.0 C\.nd 11v ::c s n differ­
ent shape tho..n thc\t used a.t olovc.ticn 1612.5. The disch:....r g0 c,t pend 
olovn tion 1671. 0 vms CLpprc,ximc. tcl;y 145, 000 cubic feet per s0 cond. As 
the shape of tho crest usod o.t c lovc.ti on 1 612.5 ho.d u. lcsrgor d i s chc..rgc 
coeffi cient them tho.t us od o.t e levation 1 61 1 . 0, tho f' :::rmo r was us od 
at elevation 1610.5. Figu:ro 7 s hows the rolutivc co.pc,citios of tho 
spillways set at the three different elovc:.tions . 

Along with tho obs crvC'..ti ons of di schi:crgo n0tod . o.bovc , it 
wo.s found tho.. t c. cut- '",ff W[.,11  tc the left cf  o.nd upstream from tho 
gate scctic'n vvas ne cos sc. ry to prevent .f l ow  ov0r tho left gate n.but­
mont. The tro.nsi tion fr:m1 the g'.:l.tc s e cti,_,n t0 th0 1 : 4  slcpe -:m the 
r i ght side wus tc,o short ::\nd co.used , in par t, n s udden drn.wdown 011 
the ri&;ht side of thv s pil lway chnnnol fr'-,m station 6+00 to sb.tion 
6+5b, h1nking on tho le ft s ide . This was pnrtinlly ccrrcctcd by 
lengthe ning: the rirht  tr�,:1siti()l1 wu.11 cxtGnding fr,:im station 3 +8 4  
t o  stn.tic-n 5+04. A roviscd pier c.l s o  imprc,vc.d tho wnt0r surfc1co 
thr,:mghout the chr�nns l.  

A rounded trac�sitL�:.1. wa ll upstream cf tho gate se ction on 
the loft side wD.s f (.'Und to improve tho flow· C t li1.d.i tions throug:h thG 
go.tos and down tho chc.m1.ol ccnsic:ero.bly. 

All of tho revisions c1 o s cribod in tho foregoing pc,ro.graphs 
o.ro incorporo.tod in tho rcc onu··nonc:oc. de s i gn, tho mcdcl dro.wing of 
which is shown in fi gure 6. Plate s  4 o.nd 5 show the rocommondod. do­
sign o.s devel oped in tho mol�ol. F i gures 8 e.nd 9 o.ro the prot·:itypo 
plans of tho finn.l de sign, d0vc l op0d from the rq_ conun.oncl.cd c:osign .  

10. Stroei.mlinos .  Volc1ci  ty clirc c tLm obs c, rv::-,tLrns �1rc 
shown in lino dio. grnm form in figure 10. The (irccti :: :n ,,f vo l oci ty 
wo.s clotormino cl  by susp0ndine; short long-ths :�f thro:,.c� L1 tho strcc .. m 
nco.r tho wo .. tor surf11co and no[l.r tho b,,ttom of tho Ghc�:.rw l. 

6 
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'.r· 
The s treaml ines upstream from tho left r;a to were normal 

to the cr0 s t . At the cre s t ,  tho s trca.'lll i11.es near tho top and bottom 
wore gene ral ly normal to the cre s t, o xcopt in a sma l l  area near the 
center of the gate ,'.:hero the ve locity o s c i l l ated s l i ghtly i::1 a di­
roctio� from ri l.ht to lo ft . 

Ups troam from the rif.'.ht gato tho flow on the bottom im­
pinged on tho pie:r at qui to an appr0 c iablo angle and c o:1tinucd i� 
the s c-iJnc f•;cncra l direction throu;eh tho ri ght gate . The flmv at the 
top of tho approach appeared to bo o. lmos t normal to tho cro s t  e xcept 
o.t the extreme ri ght near th8 curved wal l .  

At s tation 4+50 the stroaml ino s near tho s urface:, and near 
the bottom wore nearly parall e l  to the cente r  1 ine excopt in tho 
turbulent area imme dir:1.toly dmvns tron.m from the pie r .  Th0 s trc-o.ml inc s  
throug:hout tho remainder of tho chan;1c l appeared to b e  idoo. lly 
pc.tto rnod . 

1 1 . Wate r  s urfo.co moo. surcments . ·wate r s urfnco s o c,:;ions of 
the d is chA.rgo of 1 50 , 25 9  crnbic feet  per second in tho final  des i gn 
arc s hovrn in figure 1 1 .  
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