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Denver, Colorado, January 15, 1940.

MEMORANDUM 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.

l. Summary. The Mormon Flat Dam spillway as constructed,
1923-1925, was found 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 s»illway, 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 spiliway appreciably. Even with the ad-
dition of an auxiliary crest at elevation 1666.2 on the main arch
of the dam, the prototype discharge at pond elevation 1672 was only
approximately 85,000 cubic feet per second, The maximum prototype
discharge that could bz vassed over the original gates was approxi-
matcly 105,000 cubic fect per second, the approach channcl having
becn decpencd and widencd and training walls to the piers having
been installcd.

The original spillway was blocked off and the nine gate-
ways for the tainter gates were constructcd on an ogeoe crest on the
main arch of thc dam at eclevation 16435. An avpron conductcd the dis-
charge from the crest radially inward and down over the powcrhouse
to the tailracee. The maximum flood of 150,000 cubic fect per sccond
could bc passcd at pond clevation 16235 guitc satisfactorily. How-
ever, 1t was deccided to abancon this design bocausc of difficulties
in and thc cxpensc of construction.

The original design was again built into the model,and,
aftcer considerable obscrvition, the gitous werc desigacd in echelon
with respeet to each other in olen and wlincement. This spillway
passcd noarly the moximum flood flow of 150,000 cubic fuct per sce-
ond at pond eclcvation 1672, Difficuvltics in the design and construc-
tion of & scroll well at the right side of thc approach to gate 1
prevented the adoption of this plan.

The fourth and finel spillway tested was o tapered, curved
channcl located in the area occupicd by the original spillway. It
consists of an ogeec crcst at clovation 1610.5 end a tapered, curved
chammel 416 fcot in leagth from the crest, discharging over the



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 channel.
Two 50= by 50-foot stoney gates control the dischargee.

2« 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 fect. It was built by the
Salt River Water Users' Association under the general supervision of
the Bureau of Reclamation and was completed in 1925, The flow of
the river fluctuates widely, veryving from a low flow of several hun-
dred second=feet to a maximum flood of 150,000 second=fecctes It was
found that the spillway of thce dam as originally designed and built
was inadequate for the expocted maxiamum flood flowe Pursuant to a
contract betwecenr the Burcau of Raclamation and the Association, the
Burcau rcconstructed the spillway structurc of Mormon #lat Dam. This
involved the rcmoval of & major part of the original spillway; in-
stalling two new 50~ by 50-foot rcgulating gatcs, gatc hoists, and
motors; installing two 25 kve-a gasolinc-driven geonerators; rcmoving
and storing the ninc radial gatcs of thoe original installation;
grouting the foundation of the spillway gatc structurcs; and construct-
ing a ncw anchor block at the loft abutment of the dam and a new road
to the powcrhouse.

3. The laboratory. Thc modcl of the Mormon Flat Dam was
constructcd and tested in the hydraulic laboratory of tho Burcau of
Reclamation in the bascment of the 0ld Customhousc, Denver, Colorado,
in 1935 and 1936.

Water for operating -the model was mcasurcd over a 90-degree,
V-notch weir in a tank 12 by 6 by 4 fect decp. The watcer was lifted
from the sump of the weir tunk to & constant-level tank by a centrif-
ugal pump of 3-cubic=foot-per-second capacity. A skimming wcir of
approximatcly 32 fcet long made it possible te maintain o constant
hecad of water on the tank. The watcr was admitted from this tank
through a calibrated gote valve into a hend reserveire. The Mormon
Flat Dam and spillway were buillt into this hoad ressrveir. The water,
after flowing over the spillway model, was returned to the weir tank
through a sheet-metal flumc, ané recirculated.

4., Dcscription of the model. The modcl of the dam and
spillway was constructed tc a scale of 1 to 90, The arch dam was
represented in the modcl by a shoct of galvanized stecl bent to the
prcper radius of the axis of the dame The spillway crest scctions
were constructed of light-gage shecet metal and the piers werc of red-
wood, in thc originel modecle In alterations and rcvisions of the
spillway crcsts, tht crests werc cast of nuat cement between sheet-




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 avnroxi-
mately 90 feet, prototype, below the parapet of the arch. This was
necessary btecausc of the lack of head room and limitations due to the
weir tank below. The ogee scctions for the auxiliary spillway on the
main arch of the dam were of redwood. The ressrvoir elevation was
recorded from hook gagc recadings in a stilling well connccted to the
forebaye The tail=water levcl was controlled by a hinged weir at the
downstream end of tho tail-watcr box, and the elevations were rcad on
a gage commccted to thc tail=~watcer boxe..

5. Dischargc capacity and flow conditionse. At a pond cle-
vation of 1671, top of the parapct of thc arch, and with thc proposed
auxilisry spillways (notches) closcd off, the flood flow moved swiftly
through the approach and bankcd on the upstream sides of thc piers on
the spillway creste Nearly helf of ceach gateway was void, duc to the
sudden changc of direction of the approaching flood watcre The ex-
cessive velocity, turbulence, and eddy loss reduced the e¢ffcctive hcad
on thc gates. This condition, along with the reduccd cffcective crest
length, limitcd the discharge to approximately 80,000 cubic feet per
second at pond clevation 167ls The flow characteristics of the
approach chamal improved as the discharge decrcascde The length of
the spillway crcst become more c¢ffcctive with the smaller welocities
in the approach channcle. Curve A, figure 1, indicates the discharge
of the original structurc,

With the notehcs in the dam open, it was found that the flow
to the ogec spillwoy was unaffectecds The total effect of the notches
on tho rcquired heazd for floed flows is shown on curve B, figure 1.

Several training walls in the approach were tried in an
effort to reduce the head loss und to guide the flow to maintain a
maximum coffective crest lengthe The most effective training wall
was that dividing the flow between gatos 3 wund 4, with & reounded cn-
trance at the right side of gate 1. Othcer positions of treining walls
were rclative ineffective.

The roadway over the dam and spillway was reproduced in the
model. Curve C, figurc 1, shows the discharge at rescrvoir cleva-
tions whose floods overtopped the dam and gutcse.

A restriction in the spillway approach channcl ancar gates
1 to 3 was removed and the appreoach dceepeneds The resulting incrcascd
capacity is shown on curve D, figurc 1l.
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The curves omn figure 1 indicate the progress made in the
solution of the approach. Inasmuch as it was required that 150,000
cubic feet per second be passed over the spillway, the problem was
left unsolved pending further considerations a8 to the improvement
of the spillway approach.,

6., Effect of various buckets and auxiliary dam., Various
types and combinations of buckets were tried on the original ogee
spillway to reduce the erosion and splash in the river below., None
of the buckets triecd was entirely satisfactory. An auxiliary dam was
proposed for installation,about 1,500 fect downstream from the large
dam, to control the tail water for the spillway and the powerhouscs
In the tests of the buckits, it was found that the auxiliary dam was
of littlec or no bencfit in checking crosion and dissipating encrgy
of the spillway dischargc. Plate 1 shows the model of original
structurc before alterations were made.

7o Tainter gatc spillway on the dam. At this stage of the
investigation it was dcecided to bloek off the original spillway and
remove a portion of the arch dam parapct and the auxiliary spillways
and to cast an ogee crest on the arch at elevation 1643. The gatcs
of thc original spillway were to be used in this installation. An
apron consisting of a concrote slab supported by a structural-stecl
framcwork sccurcd to thc dam was intcnded to conduct the flood flow
from the crecst radially inward over the powerhouse and distribute
it with a minimum of disturtance to the tailrace.

In the model, this spillway was cast in concrstze Three
additional gatus werc added to the modcl to the left of the nine
proposcd on thc design drawinge This was donu to dctermine the best
position for ninc gatcs. As the investigation progresscd, piczometers
werc placed in the crest and apron to determine the pressure distri-
butione

Various combinotions or groups of gutes revealed no great
improvement over the nine proposed originally. The convergence of
the flow from the gates formed a high "cockscomb" at the tip of the
aprones Thc erosion in the tuidilrace was tremcndous, due to the large
vertical component of veloeitye To relieve this situation the apron
was leveled out, first at clsvation 1561.25 and latcr at clevation
1583+,46« The aprons dirccted the jet to give a sprcad over the tail-
racce The higher apron was the more cffective in climinating boiling
in the tailraces This discovory suggested o rovision in the dcsign
which involved the features as shown in figure 2, This model per-
formed quitc satisfactorily but was considcred not feuasible in the
prototyp¢ becsuse of the cost of construction, amowng other reasons.
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The discharge capacity of this spillway is shown in figure
2. The pressures developed on the crest, apron, and bucket are also
shown in figure 2.

Plate II shows the best development of the model. This is
also shown in figure 2.

8. The eschelon tainter gate spillway. The tainter gate
spillway on the dam being fouad impracticable, the original spillway
was rebuilt and the approach channel was decpened and broadened as
much as practicable within thc limits of the field conditions. On
the original spillway it was found that the inefficicncy was dus to
two principal reasons: sudden change in direction of flow imme-
diately preceding the crest, and excecssive drawdown duc to restricted
channcl,

Several calibration tests revealcd that the greatest flood
discharges thot could be passecd over the spillwey by widening and
decpening the approach channel wers 120,000 to 130,000 cubic feet per
sccond at pond clovation 1672

This design was removed and the crest was recoanstructed,
the gntecs being in echelon with respvseet to sach other in plan and
elinsment, much the same as shown in figurc 3, except that gates 1
and 2 wcre also ccheloncd in alincmente The principal difficulty
encountcrced in this typc of spillway, situated as shown, was the tre-
mecindous drawdovmn on the serell wall at the right of gatc 1, affect-
ing gates 1 and 2. The drawvdown not only limited the discharge due
to head loss and limiting the effcctive length of the crest of gates
1 and 2 but caused cxecssive overturning moment on the scrall wall,.
It was found to bgc impracticablce to desigm for this condition. Vari-
ous sizcs and shapcs of scrolls were tried in an cffort to arrive at
a solution within the limits of practical designe.

After an exhaustive study of the drawdown problem at gates
1l and 2, it was decided to mocve the crest of gate 1 downstream in
alinement with gatc 2. The right wall of gate 1 wns connected to the
dem with various smooth-curvced ¥rallse Dctail A, figure 3, shows the
scroll wall giving the best flow cenditions. Thce beneh upstrcom from
gates 1 and 2 was rounded off s indicated on scction B-B, figurc 3.
The prototype dischorge for the final echdélon spillway as shown in
figure 4 was 149,959 cubic foet per sccond ot pond clovatinn 1672.00.

The aprons and bueckets conducted the flood water quitc
smoothly over the roadwny. Buckets 1 to 6 were given sufficleat pitch
to throw the floodwnter over the roadway iante the tailracce Aprons 7
to 9 were cantileverced over the roadway to insurc against the erosion
of the road. Platec 3 shows the medcl in cperation.
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9. Tapered curved spillway. It has boeen shawn that the
limiting condition in the design of the original and the cchclon
spillway was the change in dircetion of the approach chonncel which
rgstricted the flow and couscd rather unstecady flow cenditionse The
fourth and final design of the Mormen Flat spillway was that of a
curved, tapercd chaancl controlled by two 50« by 50-feat stoncy gates
ot the erest.s The crest of the initial design was set at clevation
1611.0. Beforc the model of the initial design was completed, the
crcst was redesigned at clevation 1612.5, and the preclimincry tcosts
werc mado on the medel thus altered. Figure & shows tho initiel
modcl. Thc discherge at pond clevation 1671.0 was 144,000 cubic feet
per sccond, approximatcly.

Thc crest was lowercd te clevation 1611.0 and was o diffeor-
ent shape then that uscd at clevation 1612.5. The dischorge at pend
clcvation 1671.0 was approximately 145,000 cubie foct per sceende As
the shape of the crest uscd at elcvoticon 1612.5 had o larger discharge
coefficient than that uscd at clevation 1611.0, thce former was uscd
at clevation 1610.5. Figzurc 7 shows the rclative capacities of the
spillways scect at thc three diffcrent clevations,

Along with the obscrvations of dischurge ncotcd.above, it
was found that a cut-off wall tc the left of ond upstream from the
gatc scetien was nceossary to provent flow over the left gatc abut-
mcnt. The transition frum thc gatc scetion to the 1:4 slepe ©n the
right sidec was toe short cnd causcd, in part, o sudden drawdown on
the right side of the spillway channel from station 6400 to station
6+50, bunking on the lcft sidce This was partially ccrrcected by
lengthening the right tronsiticn well cxtonding from staticn 3484
to staticn 5+04. A rovised picr xlso impreved the water surface
thrioughout the channcel.

A roundcd transition wall upstroam of the gate scetion on
the left side was found to improwve the flow conditions through the
gates and down thc chamicl considerably.

All of the rewisions described in the forcgoing parngraphs
arc incorporated in the rceommended design, the moedel drawing of
which is shown in figurc 6. Platecs 4 and 5 show the rocommondcd de-
sign as devcloped in the modecl. Figurcs 8 =nd 9 arc thec protatype
plans of the final design, developed from the recommended design.

10. Streoamlines. Velecity direction obscrvatiocns cre
shown in linc diagram form in figure 10. he cdirection of vcloelty
was determined by suspending short lengths »f thresd in the strcam
necar the water surface and near the bottom of the ehomcl.




Left warped surface extends

Sta,3t84 tal Sta, 4t50 =="CErTH=

| %1 Slope
\ |
€ Original training woll " B "
equals Sta. 3#59.-..-- Z a—— —
Y ol
. 2\
<
ol
W
8l
1 \ )
a | t
\
\\ [
-
€ Original
SCALE IN FEET-PROTOTYPE
0 30 100 180 180
port pdpme—rty Lr—-+—'r‘--|'-*r-'*'-1-1 e bpiny b *f-""'r‘--r-"ﬂ—{
[o] 3 & 9 12 L] 18 2| 24
SCALE IN INCHES-MODEL
\
3
\ N
\ N
A\
W4
A \ ¢'
\\\\\ //
L \\\:, PLAN
0.27> 2" \\\\
i L] '| ~~l‘ ~ 2.." I.54“"‘ \%
I :
| | T
| |
| b
it
i i
N B te E -,R‘I LL i
i y 3 J !
. 5 : N S .--h..al |
! i < 257067 A NY gy
| |le- 533t - - - 5331 z
| < -5.80"- - - ><-om=-597% -~
]
i 1 Y
STA. 4+00 STA. 5+00
E
]
| 162" >
i = | oA
i i % 38 o T
yCrest & § N o "Eil !
=" |
| f— !
< 267'<-2.67 Lo o
" ! " | =
< 533 -l ---533t-e | 2
= 640" ---><-----6.67"- - =z
1 i
1
|
{ t
]
‘ |
|
I Y
—
STA. 4+50 STA. 5+50

FIGURE S

0.421'\@ =
< ---5.33"-->Ym-3 33" >
! i ' Dr—
; 1 Y - +—
:
:I
S
/} r:\
1
'ﬂ =rh:1)l Crest. E "
S ELI612.5 ;
1 T S
1 j I £l 1600 =
{ |
SECTION A-A SECTION B-B SECTION C-C
AR.EA. spiral from Sta. 6+25
t0 Sta.7+75. L¢=150' Re=250. L
Bc——— === oo L 0BT esermmmmm e >
Crest Elevation =1612.5
= 133" =< 114" =< 1.20%< 1.44" >t - -~ -==5.76" - oo oo
- ‘ ;
VL r T 1
ey A% el TS |
=l o S T - T e
4] ' il P e T —
L i 1.61"R- =
A I 0.09>%78 £
| g -
E i =
K ! | n o |
IREEY s S
I _ ]
w1 |
- R !
R oS | SECTION D-D
S i w0
S ; il = (ENLARGED)
]
1 | =] oy 1y !
! ! = s T i
| = S gdet b :
1 | | !
LI ( Ly oy ¥
, . STA.6+00 STA. 6+50
< 2" 211 e
P
=
3 b
3 [l ! | X
= L |
% |‘ r\'l') g : :: :
S 25 Co S 3 }
: b S 5!
i < 0 L SALT RIVER PROJVECT - ARIZONA
1 ' 1
! j $ b MORMON FLAT SPILLWAY
! ! ' HYDRAULIC MODEL STUDIES
! i E SUPER-ELEVATED SPIRALTAPERED CHANNEL
Y. » ; y Y 1 ; Sy PLAN AND SECTIONS
ORIGINAL DESIGN
STA.6+25 STA. 7+ 00 STA. 7+50 SCALE 1.90

SECTIONS AT STATIONS

25-D-2640

N




PIATE 4

LOOKING UPSTREAM LOOKING DOWNSTREAM

FROM RIGHT SIDE YRM LEFT SIDE

TAPERED SPILLWAY
FINAL DESIGN



EL VAT ON

RESE V

1675
_°
Pt
1670 /,«(9*//
oz
&~
1665 //07
b4
7
| o7
1660 P
' | /
1655 _r__
e
1650 A
1645— 7
Ve
1640————— / —
i
/\ EXPLANATION
yd 0-——0 Final crest at Elevation 1610.5~ 40 MF-1.
1529 /] x——x Final crest placed at Elevation 1612.5 and
head plotted from Elevation 1610 5-38N}F-l.
x
1630 4 J—
7
o / 120 130 140 150 160 170
/
/
1620 v
UNITED STATES
/ DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION
/ SALT RIVER PROJEGCT - ARIZONA
e,/ MORMON FLAT DAM
/ SPILLWAY
/ HYDRAULIC MODEL STUDIES
/ DISCHARGE - FINAL CURVED CHANNEL
/ Grest Elevation 16105
1610, 0 20 30 40 50 €0 20 80 20 100 o DRAWN .. HGD. JR SUBNITTED
TRaceo JLC.-H.S. RECOMMENDED. .
CHECKED. /A L1 11 APPROVED r

T DENVER, COLORADO - AUG.4,1939 ]'25_0_2642









PIATE 5

LOOKING UPSTREAM

LOOKING UPSTREAM

LOOKING DOWNSTREAM

TAPERED SPILIWAY
FINAL DESIGN

DISCHARGE 150,000 SEC.-FT,



The strecamlines upstrcam from the lcft gate wers normal
to thc creste At thc crest, the strcamlines ncar thc top and bottom
were gencrally normal to the crest, czecept in a small arca ncar the
center of the gate wherc the velocity oscillated slightly ia a di-
reetion from right to luft.

Upstream from the right gate the flow on the bottom im-
pingocd on the picr at quitc an appreciable angle and coatinuced in
the same geacral direction through the right gatc. The flow at the
top of thw approach appcared to be almost normel to the crost cxecpt
at the extrcme right near the curved wall.

At station 4+50 thc strcamlincs near the surface and ncar
the bottom werc nearly parallcl to thce center line exeent in the
turbulent area immediately downstrcam from the picre The streamlincs
throughout the remainder of +the channcl appearcd to be ideally
pattcrned.

11. Weter surfacce measurcments. Watcr surface sccections of
the discharge of 150,259 cubic foot por sceonmd in the final design
arc shovn in figurc 11,
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