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I. INTRODUCTION 

1-01. PURPOS AND SCOPE. This =por t  p r e s m t s  t h e  hydrologic a n a l y s i s  of t h e  
G i l a  River dra inage bas in  above Painted Rock Dam i n  support  o f  plan 
fcrmulat ion s t u d i e s  f m  t h e  Cen t ra l  Arizona Water Control  Study (CAWCS). 
General t o p i c s  addressed are: 

a .  bas in  d e s c r i p t i o n  and p r l o r  storm and flood occurrences;  

b. d e s c r i p t i o n  of a n a l y t i c  t o o l s  used to model t h e  runoff process ;  

c .  determinat ion o f  standard p r o j e c t  flood for e x i s t i n g  and p r o j e c t  
c o r d i t i o n s ;  

d. d e r i v a t i o n  o f  probable maximum flood a t  required loca t ions ;  

e. es t imat ion  of sediment pool requirements for proposed Verde River 
&ma ; 

f .  determinat ion of system flood c o n t r o l  s t o r a g e  and o u t l e t  requirements 
for p r o j w t  a 1  t e r n a t i v e s ;  

g. development of d i scharge  frequency r e s u l t s  f o r  " e x i s t i n g  condi t ions"  
and " p r o j e c t  condi t ions";  

h. d i scuss ion  of dam s a f e t y  and t h e  effect  of proposed safety-of-dams 
s o l u t i o n s  on e x i s t i n g  c o r d i t i o n  and p r o j e c t  cond i t ion  discharge frequency 
r e s u l t s  ; 

1. e f f e c t  of inc lud ing  regu la to ry  s t o r a g e  at  confluence s i t e  on p r o j e c t  
cond i t ions  d i scharge  fmqumcry r e s u l t s ;  and 

j. prel iminary opera t ing  c r i t e r i a  for p r o j e c t  condi t ions .  

The genera l  l o c a t i o n  o f  t h e  s tudy area is s h o w  on p l a t e  1 ,  along wi th  
d e l i n e a t i o n  o f  the  dra inage a rea .  Peak d i scharges  f o r  e x i s t i n g ,  p r o j e c t ,  and 
seasonal  cond i t ions  a r e  given i n  t a b l e s  14, 15, 23, 26, and 27. Throughout 
t h i s  r e p m t ,  t h e  phrase " e x i s t i n g  cond i t ionsn  r e f e r s  to presen t  land use and 
s t r w t u r e s  which r e t a i n ,  r e t a r d ,  cr d i v e r t  f lw a s  they  c u r r e n t l y  e x i s t  and 
are operated.  'he s t r u c t u r e s  which in f luence  flooding i n  t h e  bas in  a r e  
located geographical ly  on p l a t e s  1 and 2; phys ica l  c h a r a c t e r i s t i c s  o f  each 
s t r u c t u r e  are given in t a b l e  1 and shown on p l a t e s  3 through 6. 

The hydrologic a n a l y s i s  was condlnted i n  t h r e e  s e p a r a t e  s t ages .  Only t h e  
f i n a l  r e s u l t s  appear v i t h i n  t h e  main body of t h i s  r e p o r t ,  while t h e  r e s u l t s  
from S t a g e  I and I1 analyses  which were modifled &r ing  S tage  I11 or were only  
in te rmedia te ,  appear i n  t h e  appendices. S tage  I and 11 hydrologic r e s u l t s  
which were modified or superceded i n  S tage  111 are being published because 
certain a l t e r n a t i v e s  considered dur ing the  plan formulation process s e r e  
e l iminated p r i m  to as well as & r i n g  S tage  111. In a d d i t i o n ,  Stage I and I1 
r e s u l t s  *re components of t h e  f l n a l  r e s u l t s  from Stage  111. 



1-02. STAGE I. Ihe focus of Stage I hydrology was to determine the discharge 
frequency relat ionship fcr the  S a l t  River t h m  the  City of Phomix based on 
both "complete controlw a t  Horseshoe and Roosevelt dams and a lso  for exis t ing  
conditions. Complete control  was defined a s  m release from e i t h e r  
s tructure.  lherefcre,  the  frequency of flows emanating solely below Horseshoe 
and Roosevelt Dams, hemsafter referred to a s  "local  flow", lras determined. 
The frequency analysis  of t o t a l  flow, which includes upstream releases from 
S a l t  River Project (SRP) reservoirs a s  well a s  loca l  flcu, atld is hereafter  
referred to a s  exist ing conditions, was the major e f f o r t  of Stage I hydrology 
atld involved continuous simulation of SRP reservoir  inflow, release,  and s p i l l  
from August 1888 thru February 1980. 

1-03. STAGE II. During the second stage of CAWCS hydrology the major e f f o r t  
was spent in  determination of the  ef fec t  of various proposed projec ts  upon the  
exis t ing  conditions discharge frequency relat ionship.  Project a l te rna t ives  
s t u d i e d  were c lass i f led  in to  two s e t s ,  s t ruc tura l  and reregulatory; the 
elements and combinations of elements considered under project  conditions are 
presented i n  tab le  2. A l l  a l t e rna t ives  were intended t o  provide flood control 
on the S a l t  River through the City of Phoenix, although reduction of flooding 
on the Gila River below the S a l t  River would a l m  occur. 

a .  S t ruc tura l  Alternatives. S t ruc tura l  a l t e rna t ives  comprise new or 
replacement s t r u c t u ~ e s  on the  S a l t  and/cr Verde Rivers. The individual 
s t ruc tures ,  or elemmts, and combination8 considered are shown on p la t e  7 and 
i n  tab le  2. To s i m p l i e  the  analysis ,  the  thrae proposed Verde River 
elements, New Horseshoe Dam, C l i f f  Dam, and New B a r t l e t t  Dam, were considered 
to be only two unique elements. Since C l i f f  is downstream of Horseshoe Dam 
and wstream of Bar t l e t t  Dam, and the intervening drainage areas  are minor 
compared to the  total drainage area ( l e s s  than 5 percent),  the  New B a r t l e t t  
flood control requirements (both storage and ou t l e t )  ware subst i tuted for 
C l i f f ;  New Bar t l e t t  requirements tern ahosar rather  than New Horseshoe 
c r i t e r i a  because they wre more re f l ec t ive  of conditions downstream of 
Horseshoe Dam. However, construction of a Cl i f f  Dam would r e su l t  i n  
inundation of exis t ing  Hwseshoe Dam. For t h i s  mason, the  conservation space 
fcr Cliff Dam would be equivalent to exis t ing  Horseshoe conservation space, 
while the flood control  requirements w u l d  be equivalent to New B a r t l e t t  
requirements. Themfore, only New Horseshoe and New B a r t l e t t  were analfled. 
The other elements examined far  Stage I1 plan formulation ware a New Roosevelt 
atld a confluenoe site das. Each s ingle  element was analyzed as a separate 
a l te rna t ive .  Several ombinat ions of elements wm a l so  considered, thereby 
combining flood control  on t h e  S a l t  River w i t h  flood control  on the  Verde 
River. lhe combiwtiow included New Roosevelt a d  eaoh of the  proposed Verde 
River Dams; a s  befom, C l i f f s  would be equivalent to New Bar t l e t t .  Final ly,  
an investieatfon of the f e a s i b i l i t y  of a Verde River flood control  Qm'along 
with a confluence sits flood c o n t m l  cas conducted. 

b. Reregulatory Alternatives. 

( 1 )  I n  t h i s  m p a r t ,  w m r e y l a t i o n w  mfers to the  concept of 
a l loca t ing  seasolrally invio la te  flocd control storage i n  t h r a ,  of the  s i x  S a l t  
River Project  (SRP) storage reservoirs.  Preliminary s tudies  indicated tha t  
su f f i c i en t  flood control space could be provided on the  S a l t  River by 



r e r e g u l a t i n g  Roosevelt  Dam only ,  whi le  it may be necessary  to a l l o c a t e  space 
a t  both  Horseshoe and B a r t l e t t  Dams t o  ga in  s u f f i c i e n t  f lood c o n t r o l  space on 
t h e  Verde River.  A l l  t h r e e  dams have low l e v e l  o u t l e t  works designed fo r  
maximum water supply  releases o f  2,200 ta 4,000 cfs. Addi t iona l ly ,  each o f  
t h e  t h r e e  dams h a s  a gated sp i l lway  which is capable  of  maximum flood r e l e a s e s  
ranging from 150,000 to 290,000 c f s  ( p l a t e s  3 through 5 ) .  

( 2 )  The S t a g e  I1 s tudy  considered four types  of  r e r e g u l a t i o n  
schemes. The f i r s t  type used only t h e  gated conse rva t ion  space with no 
modi f i ca t ion  to t h e  low l e v e l  o u t l e t .  ' h e  second type used t h e  gated 
conservat ion pool and some p o r t i o n  o f  t h e  ungated conservat ion space (space  
below t h e  spi l lway c r e s t )  w i t h  new low l e v e l  o u t l e t s  designed to more r a p i d l y  
d ra in  t h e  f locd c o n t r o l  pool  between stcrms. These o u t l e t s  were c a l l e d  
"drawdown" o u t l e t s .  The t h i r d  type  of  system used t h e  gated conservat ion 
space ,  some p o r t i o n  of t h e  ungated space ,  and m l a r g e d  o u t l e t s  below t h e  gated 
space ,  designed to opera te  a s  f lood c o n t r o l  o u t l e t s  dur ing a flood w e n t  and 
thus  minimize the required flood c o n t r o l  pool. The f inal  type of  system used 
gated space only ,  and an improved spi l lway a t  Roosevelt Dam which would 
provide g r e a t e r  r e l e a s e  c a p a b i l i t y  at lower head and avoid ded ica t ion  of l a r g e  
amounts o f  s t o r a g e  f o r  f lood c o n t r o l .  Seasonal  flood c o n t r o l  space a t  each 

t' dam would be dedicated from t h e  e x i s t i n g  water conservat ion space s t a r t i n g  a t  
t h e  t o p  o f  t h e  water conservat ion pool,  which is t h e  m r m a l  water  s u r f a c e  
(NWS). Table  3 p r e s e n t s  key water s u r f a c e  e l e v a t i o n s  a s s o c i a t e d  with t h e  
d e d i c a t i o n  o f  v a r i o u s  amounts of  water  conservat ion space  for flood c o n t r o l .  

( 3 )  The changes s tudied involved t h e  ded ica t ion  o f  va r ious  amounts 
o f  water conservat ion space  for flood c o n t r o l  between t h e  first of  December 
and t h e  last o f  March each year .  Water i n  t h i s  space  a t  t h e  beginning o f  t h e  
flood season would be evacuated p r i o r  to 1 December. The space would then be 
used to de ta in  flows u n t i l  they could be s a f e l y  re leased downstream. A t  t h e  
end o f  March, t h e  space  would aga in  be allowed to fill for  m t e r  conservation.  
Most of  t h e  schemes s tudied also required modi f i ca t ions  to t h e  low l e v e l  
c u t l e t s  to inc rease  t h e  f lood c o n t r o l  e f fec t iveness .  

( 4 )  The a n a l y s i s  was based on t h r e e  important  assumptions. F i r s t ,  
it ms assumed t h a t  t h e  SRP system remains a s  it is today,  wi thout  o p e r a t i o n a l  
a. s t r r r t u r a l  modi f i ca t ions  which may be required f a .  dam s a f e t y .  Second, i t  
was assumed t h a t  t h e  dams are operated by SRP p r i m a r i l y  f o r  water conservat ion 
a s  descr ibed by t h e  June 1979 S a l t  River F l e x i b l e  Operating C r i t e r i a  (SFFOC, 
re fe rence  1 ) .  F i n a l l y ,  it was assumed t h a t  t h e  dams are operated without t h e  
b e n e f i t  o f  f locd f o r e c a s t i n g .  

1-04. STAGE 111. 

a. 500-Year Level  of  P r o t e c t i o n .  I n  t h e  f i n a l  s t a g e  of  hydrology the  
w i g i n a l  i n t e n t  was to r e f i n e  S t a g e  I1 p r o j e c t  cond i t ions  d ischarge  frequency 
r e s u l t s  fa. a select group of a l t e r n a t i v e  "p ro jec t sn  which withstood S tage  I1 
s c r u t i n y .  However, ecorpmic analyses  o f  t h e  a r r a y  of proposed p r o j e c t s  d i d  
not  i n d i c a t e  an optimum design.  Because of t h i s ,  e a r l y  S tage  I11 hydrology 
addressed a higher  l e v e l  o f  p r o t e c t i o n ,  500-yearI f a .  t h e  p r o j e c t s  still 
remaining i n  p lan fwmula t ion .  



b. Local Flow. A t  t he  same t imu  arch a t t en t ion  w a s  being directed toward 
co~par i son  between upstream flood oontrol,  e.g. a Cliff-New Roosevelt system 
and downstream flood control  below t h e  Salt and Verde River confluence. 
Questions w e r e  raised concerning the  a b i l i t y  of an upstream flood control  
system t o  provide an equal l eve l  of protect ion a s  a confluence s t ruc ture .  The 
issue concerned the  intervening drainage, 1.e. the  u n C C n t ~ l l e d  drainage area 
between the  upstream s t ruc tu res  and the  confluence site, and whether the  
runoff f r o n t h e  intervening drainage would be in excess of t a rge t  flood 
control relearns. 

A fu r the r  complication in t h e  upstream veraua downstream flood control  
question resul ted Prom nisuaderstanding o f  Stage I1 terminology. Both 
upstream and downstream systems were ab le  t o  control  the  Standard Project 
Flood (generated by a storm centered c r i t i c a l l y  over the  e n t i r e  Salt-Verde 
watershed t o  produce the  aaximum runoff a t  the  point of concern, 1.e. below 
the  S a l t  and Verde River oonfluence) t o  a ta rge t  discharge of 50,000 cfs .  
Thus both systems were presented a s  being capable of providing Standard 
Projeot Flood (SPF) protection t o  a t a rge t  discharge of 50,000 cfs .  However, 
the  upstream and downstream systems were not  equivalent due t o  the  f ac t  t h a t  
flows emanating below the  upstream system were uncontrollable, and t h e i r  
r e l a t ive  merits were t o  be judged by t h e i r  impact on the  discharge frequency 
re la t ionships  below the  S a l t  and Verde River confluence. The SPF l eve l  of 
protection was invest igated,  as were others ,  t o  provide a bas i s  f o r  
comparison, both hydrologically and economically. Because o f  the  mul t ip l ic i ty  
of Stage I1 a l t e rna t ives ,  refinament of t h e  project  conditions disaharge 
frequency re la t ionships  f o r  each a l t e rna t ive  m a  postponed u n t i l  Stage I11 
when a small group o f  v iable  a l t e rna t ives  would be compared. Therefore, Stage 
I11 hydrology enconpassed a more accurate analys is  o f  aeleoted project  
conditions discharge frequency re la t ionships  t o  include loca l  flow. 

c. Safety o f  BIB. Another major i ssue  whioh had not been addressed 
during Stage I1 was the  impact o f  potent ia l  Safety-Of-hms (SOD) problems and 
ensuing s o l u t i o ~  upon discharge frequency resul t s .  It had been determined by 
t h e  Bureau of Recl-tion (BUREC) t h a t  t h e  exis t ing  spillways f o r  the  SRP 
reservoirs  were inadequate t o  pass t h e i r  revised Lnflow Design Floods (IDF). 
A t  mid-Stage 11 two recomendatiom f o r  spillway fixes t o  the  exis t ing  SRP 
system were proposed by the BUREC. These proposed changes became a l t e rna t ives  
under Stage I11 plan fomula t ion ,  no t  only as stand-alone systcrms, but a l s o  
while incorporated i n t o  e i t h e r  upstream o r  downatream flood cont ro l  
analysis.  As a consequenoe, Stage I11 hydrology addressed t h i s  i ssue  in 
d e t a i l  f o r  t h e  m a t  promising flood control  sys tem.  

d. Regulatory Storage a t  the Salt-Vwde Confluence. Since it was decided 
that a system combining u p s t r w  flood control  with a small confluence 
s t ruc tu re  f o r  regulatorp s t o n g e  m a  a viable p h ,  it became an  addit ional  
task t o  determine whether the  small oonfluenoe s t ruc tu re  would a f f e c t  
discharge frequency results or an upstre- flood cont ro l  system. 

e. System Redesign. Economic a m l y s i r  o f  Stage I1 s t r u c t u r a l  a l t e rna t ive  
designs revealed t h a t  flood oontrol  a t o n g e  (embankment height) was l e s s  
expensive than la rge  flood cont ro l  o u t l e t s ,  contrary t o  Stage I1 
assuaptions. For t h i s  mason t h e  upstream s y s t m  involving SPF l eve l  of 
protect ion was reevaluated t o  define more eoonooic s i z ing  requiremnts.  



f .  Operat ional  C r i t e r i a .  A p re l iminary  encapsu la t ion  of  o p e r a t i o n a l  
c r i t e r i a  based on t h e  computer s imula t ion  des ign process  ias documented f o r  
f lood opera t ion .  I n  a d d i t i o n  a seasona l ly  varying c r i t e r i a  was presented.  

1-05. PREVIOUS REPORTS. Previous r e p o r t s  published by t h e  Corps of Engineers 
*id, are p e r t i n e n t  to t h i s  study a re :  " Inter im Report on Survey, Flood 
Control ,  G i l a  River and T r i b u t a r i e s  above S a l t  River ,  Ar iz .  and N. Hex.," 
1 December 1945; "Design bmorandum No. 1 ,  Hydrology for Painted Rock 
Reservoir ,  Gila River ,  Arizona," 1 August 1954; "Inter im Report on Survey f o r  
Flood Control ,  Gila and S a l t  R ive rs ,  G i l l e s p i e  Dam to McDowell Dam S i t e ,  
Arizona," 4 December 1957; and "Stage I1 Report, Hydrology Appendix, Gi la  
River and T r i b u t a r i e s ,  C e n t r a l  Arizona Water Control  Study," December 1980. 



11. BASIN DESCRIPTION 

2-01. PHYSIOGRAPHI AND TOPOGRAPBI. 

a. The Gila River Basin, whioh is an imagular area of 58,200 square 
miles (57,900 excluding a11 olosed drainages) extending frola the Continental 
Divide i n  southwestern New Mnxioo t o  Colorado River a t  Yuma, b i z . ,  includes 
p rac t i aa l ly  a l l  the southern half of the  S t a t e  of Arizona and const i tute8 a 
-ion of d d e l y  varying topographiaal and o l iaa to logioal  charac ter i s t ics .  
The r iver ,  whi& is 654 miles long, rises in an area of high mountains and 
plateaus, and flows wstward in a p n e r a l l y  aen t ra l  course through the basin. 

b. Much of the  northern par t  of the  basin is drained by the  S a l t  River, 
the la rges t  t r ibutary ,  whiah joins the Gila Riwr a t  mile 198, near Phoenix 
(p la t e  8) .  The S a l t  River Basin, with a drainage area of 13,700 square miles 
(13,400 excluding a l l  closed a reas ) ,  is extremely irregular and rugged. 
Blevationa commonly r i s e  to more than 7,000 f e e t  and, at  the San Francisco 
Peaks i n  the  Verde River Basin, to more than 12,000 feet. The Verde River is 
the main t r ibutary  to the  Salt River and camprises 6,620 square miles (6,320 
excluding all closed areas)  of the  Salt Rive r  d r a w e  area. The eastern 
portion of the southern pa r t  o f  the  Gila River Basin cons is t s  la rge ly  of long 
desert  val leys lying between mrth-south ranges of rugged mountains; here the  
elevat ioas,  althougb r i s i n g  i n  places to above 10,000 f e e t ,  are generally 
lower. The southwest por t ica  of the baain oonsis t s  e s sen t i a l ly  of broad, 
f l a t ,  low-lying desert  val leys and isolated wun ta ins  o f  r e l a t ive ly  low 
relief; aomparatively fen l o o a l l t i e s  a m  more than 4,000 feet in  elevation, 
and a large pa r t  is b e l w  1,000 feet; the  e l e v a t i m  of the  r i v e r  mouth near 
Y u m  is about 130 feet. Gil leapie L h m  is i n  the upstream part of t h i s  basin, 
a t  r ive r  d l e  16'4. S o i l s  and vegetative typ- vary d d e l y  throughout the  
basin. 

a k e r a l .  The climate o f  the  Gila River Basin as a whole is semiarid 
but, depending principal ly u r n  elevation, from hot and a r i d  in some 
parts to oool and h u d d  in others.  The a v e n g e  annual preoipi tat ion ranges 
froll less tbao 4 i m h e s  in the lanr deser t  to 30 i w h e a  or more in the  
highest m u n t a i ~ .  bat of the  pmoip i t a t ion  oooura in two d i s t i m t  seasons, 
aumer ( J u 4  through S e p t e d w )  and wintar ( M e r  through i(aroh), and is 
about equally divided be twen them. L i t t l e  rain w n a l l y  falls during spring 
and autum. hr iw  any seaem there may be many suaoesaive r a in le s s  daya. 

b. Sumor F v w i p i t a t i o ~ ~ .  Sumer pmoip i t a t i ca  my k p1.o.d in tvo 
general o l a w i f l o a t i o ~ .  Tbo flrst o l a s s i f l o a t i m  iwludea  th@ sporadic 
abcuera md oloudburata of mll areal extent  t h a t  occur, w l l y  iro. 
i n a r l a t i o ~ m l  hoatiq o f  t ropioa l  witim air that frequently invadea the 
region fmm the Gulf of Nexia, o r  the Qllf o f  California and tbe South 
P a ~ i f i c .  The ammod o l a w i f l o a t i a o  imludea  the general r a i ~  that ~ l t  
from omvergeme, omgraphic lift, md f r o n t a l  lift in aituatiorm uhere 
frontal sys tem,  d t h  a a a o o i a t d  t rop iaa l  mwitim and pol- ooatinental o r  
mritim air,  paas through tbe region; t h u n d e r s t o m  lqp or  m y  not be 
associated w i t h  general raim in this o l ~ ~ i f l o a t i o n .  



c .  Winter Prec ip i ta t ion .  I n  winter,  most precipi tat ion r e s u l t s  from 
general storms t h a t  a re  associated with ext ra t ropica l  cyclones o f  North 
Pac i f i c  or ig in .  Relatively looallzed showers commonly occur near the end of 
such storms. Both the general winter and the  general summer storms may r e s u l t  
i n  r a i n  over the e n t i r e  Gila River Basin. On the average, the general winter 
storms a r e  longer in duration. They sometimes produce ra in  tha t  is more or  
less continuous fo r  several  days. I n  winter,  snow may accumulate t o  
considerable depths at  elevat ions above 4,000 f e e t  but prac t ica l ly  never f a l l s  
a t  elevations below 2,000 f e e t .  

d. Precipi tat ion Records. Precipi tat ion records a r e  avai lable  f o r  more 
than 600 r a i n f a l l  s t a t ions  i n  and near the Gila River Basin. The e a r l i e s t  
record (Fort McDowell) begins i n  July 1866. The longest continuous record 
(Yuma) begins i n  1870. The longest continuous autographic record (Phoenix) 
begins i n  1906. Most of the autographic s t a t ions  have been established since 
1939. Many of the records s ince 1900 include information on snowfall, and 
snow-course observations have been made since about 1937 a t  several  locations 
i n  the drainage areas of the  Verde, S a l t ,  and upper Gila Rivers. 

2-03. FLOODS OF RECORD. 

a .  General Character is t ics .  Hydrologic records indica te  tha t  on the 
lower Gila River the  g rea te s t  floods have resulted from storms of the general 
winter type, and s tudies  of r a i n f a l l  and runoff relat ionships indicate that  
the most c r i t i c a l  runoff quant i t ies  would probably r e s u l t  from such storms. 
I n  winter,  the  ground throughout the basin is most l ike ly  t o  be wet from other 
general ra ins ;  the upstream reservoirs  are most l i ke ly  t o  be f u l l ,  or  nearly 
f u l l  of water for  conservation use; and the runoff due t o  snoumelt my be 
potent ia l ly  great .  In major storms the duration of appreciable floodflowa 
var ies ,  but seldom exceeds 8 days. The records show no large floods i n  the 
lower Gila River i n  summer. There a r e  indicat ions t h a t  general summer storms 
approaching the  winter storms i n  magnitude could occur over the e n t i r e  r iver  
basin, but probably the attendant ground conditions would be l e s s  severe than 
those t o  be expected i n  winter. The s i z e  of the basin tends t o  preclude the 
probabil i ty  of a grea t  flood resul t ing  from a ae r i e s  of thunderstorms. 

b. Runoff Records. Runoff records a re  avai lable for  approximately 100 
gaging s t a t ions  on the Gila River and t r ibu ta r i e s .  The longest record, Verde 
River below B a r t l e t t  Da!a, dates back t o  1888 and is nearly continuous s ince 
1903. Records of discharges a t  soma s t a t ions  during flood periods are often 
incomplete. 

c .  Floods. Historioal  accounts indicate tha t  general floods occurred in  
1833, 1862, 1869, 1880, 1884, 1886, 1889, 1890, 1891, 1893, 1895, and 1903. 
Records s ince 1904 show tha t  floods and/or storms occurred i n  March 1905, 
April  1905, November 1905, March 1906, December 1906, December 1914, January 
1915, January 1916, October 1916, November 1919, February 1920, December 1923, 
September 1926, February 1927, February 1937, March 1938, March 1941, 
September 1946, August 1951, December 1965, September 1970, October 1977, 
March 1978, November 1978, Deoember 1978, January 1979, and February 1980. The 
flood of 1884 was the e a r l i e s t  f o r  which a reasonable estimate of sever i ty  can 
be made. It probably was comparable to the grea tes t  floods of record, those 



of February 1891 and January 1916. Tho mngnitudes of major floods of record 
in  the Salt  River below the Verde River conflumce lor simulated existing 
conditions and nnaturaln conditions are shown i n  table 4. 



111. RAINFALL-RUNOFF 

3-01. RECONSTITUTIONS. 

a .  The procedures developed fo r  oomputation of standard project  flood 
(SPF) and probable maximum flood (PMF) f o r  the  1957 McDowell Dam Interim 
Report (reference 2) were used as the  bas is  f o r  rainfall-runoff calculations. 
Confirmation of the  uni t  graphs and l o s s  r a t e s  generated from application of 
the 1957 c r i t e r i a  was attempted during Stage I1 studies.  This involved 
reproduction of the  Maroh 1978 flood on the  S a l t  and Verde Rivers by applying 
the 1957 uni t  graphs and los s  r a t e  c r i t e r i a  t o  r a i n f a l l  depths and time 
d i s t r ibu t ions  developed for  the  March 1978 storm. The resul t ing  computed 
inflow hydrograph a t  Roosevelt Dam agreed well with the observed hydrograph, 
but the computed inflow hydrograph a t  Horseshoe Dam did not r e f l e c t  t h e  
recorded inflow. There a r e  severa l  reasons f o r  t h i s  disagreement: 

(1)  inadequate representation of r a i n f a l l  i n  the  Verde basin; 

(2)  i n a b i l i t y  t o  model the snowmelt lunotion; 

( 3 )  lack of accurate data f o r  observed inflow t o  Horseshoe Dam - the 174 
square mile drainage area below the  Tangle Creek gage contributed a 
s igni f ioant  inflow t o  Horseshoe Dam which may not have been indicated 
by the gaged flow a t  Tangle Creek. 

Since these l imi ta t ions ,  rather  than uni t  graph and l o s s  rate o r i t e r i a ,  
prevented accurate reproduction of the  event, the 1957 uni t  graph and los s  
r a t e  c r i t e r i a  on the Verde River were f e l t  t o  be an adequate representation of 
rainfal l -runoff  processes through Stage I11 plan formulation. 

b. A detai led storm analys is  f o r  s igni f icant  runoff events i n  the S a l t  
and Verde basins has s ince been undertaken, and reconst i tut ion of these floods 
w i l l  be performed during 1982. It is believed t h a t  the  SPF and PMF estimates 
based on the 1957 rainfal l -runoff  c r i t e r i a  w i l l  not be grea t ly  a l te red  by the 
r e s u l t s  of the reconst i tut ions.  

3-02. LOSS RATES. 

a.  SPF. I n  the absence of de ta i led  analyses of relat ionships of runoff 
t o  r a i n f a l l  i n  recorded storms, the  t o t a l  amounts of precipi tat ion tha t  would 
appear i n  the  streams a s  runoff (e f fec t ive  r a in )  during the  standard project 
floods were computed on the bas is  of a study made for  the  1957 report  of the 
volumes of runoff estimated t o  have wcurred at  various locations throughout 
the Gila River Basin a s  a r e s u l t  of the  la rger  a t o m  of record. The volumes 
of runoff were expressed a s  percentages of t o t a l  prec ip i ta t ion  fo r  various 
storm periods. Such percentages r e f l e c t ,  i n  a general way, the amounts of 
r a i n f a l l  l o s t  by surfaoe detention, i n f i l t r a t i o n ,  evaporation, and channel 
percolation losses  i n  the  various t r ibutary  areas. They a l s o  r e f l e c t  the 
accret ions t o  streamflow resu l t ing  fPom ground-water r e t u r n  flow and from 
melting snw. The percentages for  the  storms examined indioated t h a t ,  i n  
general,  proportionately the  g rea te s t  amounts of runoff were from the areas 
of higher elevat ion,  where r a i n f a l l  and snowmelt a re  usually greater .  On the 



basis of the 1957 study, average percentages tha t  would represent ground 
cordition?l reasombly condwive to rumff  from each subarea were assumed. The 
assumed percentages, which ranged from 25 to 35 percent, are considered to 
include adequate allowances f w  snouoelt and base flow. Also, they 
col lec t ive ly  cons t i tu t e  an overal l  degree of severi ty s l i g h t l y  greater  than 
tha t  ex is t ing  i n  the  1916 and 1938 s t m .  

b. PW. Ihe SPF percentages of total r a i n  tha t  would run off were 
increased 10 percent,  such tha t  areas w i t h  35 percent r u m f f  would be 
increased to 45 percent. 

3-03. EFFECTIVE PRECIPITATION. 

a .  SPF. To determine the  amounts of e f f ec t ive  r a i n  (including base flow 
ard snowmelt) by unit periods i n  the  standani projeot flood, the results of 
1957 unit-hydrograph s tudies  for two meas  i n  southern California for which 
re la t ive ly  detai led hydrologic data a r e  avai lable (one area of high r a i n f a l l  
and one area of l w )  ware u t i l ized .  Pa? each study, a curve was plotted 
showing accumulative stam r a i n f a l l  versus accumulated effect ive r a i n f a l l ,  
both by uni t  periods throughout the storm. I n  each case the  plot ted points 
could be reasonably u e l l  f i t t e d  by a s t r a igh t  l ine.  Using t h i s  method for. 
estimating ef fec t ive  r a i n f a l l  in the  1957 corroborative s tudies ,  performed i n  
connection with the  app l i cab i l i ty  of the  adopted l a g  curve and S-graph, 
indicated tha t  the s t ra ight - l ine  mla t ionship  would give r e a S O ~ b l y  
sa t i s f ac tc ry  hydrograph reprodtctions fcr the  Gila River Basin floods studied, 
namely, the  1916, 1937, and 1941 floods on the  S a l t  River near Roosevelt Dam, 
and the  1937 flood on the  Verde River. Accordingly, such a s t a i g h t - l i n e  
re la t ionship  was adopted fa- the standard project  flood computations. Ihe 
computed ra infa l l - lo la  r a t e s  fcr the  periods of heaviest rain ranged from 0.05 
t o  0.10 inch per hour. lhese rates appear reasonable. Deviation from the 
s traight- l ine r e l a t iomhip  would tend to af fec t  t h e  shape of the computed 
flood hydrograph fa? each subarea and perhaps modify the peak discharge 
s l i g h t l y ,  but  would not a f f eo t  the  total volume of rumff .  A sample 
computation is shown i n  t a b l e  5. 

b. PW. m e  e f fec t ive  prec ip i ta t ion  calculat ions were a r i g i r i l l y  done 
using the  aame proce&n, outlined frr calculat ion o f  SPP e f fec t ive  r a in fa l l  
(para. 3-03.a). Iiowver, because of the  mgnitude of the PW estimates and 
the  difference between BUREC and Cwps methods fa? aomputing t h e  s p i l l m y  
design flood (PW), the  rainfall-runoff c r i t e r i a  which were acceptable for SPF 
calculations, were scrut inized mom. closely. The 1957 loss  r a t e  used i n  C u p s  
s tudies  res s a t i s f m t o r y  on a volumetric basis, but because of i ts 
discontinuau, natum, ques t iomble  to determine t h e  tlne d i s t r i k r t i o n  of 
e f f ec t ive  pmcipi ta t ion .  kit graph c r i t e r i a  used by BUREC and the Corps to 
compute spillway d e a l 5  flood agreed well. Therefore, the  los s  r a t e  ms 
reevaluted In the  following context: 

(1) me loss v o l ~ s  (35 to 45 percent of the r a i n f a l l )  were f e l t  to 
be reasomble s ince they include s m e l t  and base flar as w e l l  as e f fec t ive  
prec ip i ta t ion  - by cont ras t ,  total March 1978 rumff was 28 percent of the 
computed r a in fa l l .  



(2 )  Since PMF impl ies  sa tu ra t ed  condi t ions ,  t h e  high i n i t i a l  l o s ses  
would have been met, and a l imi t ing  cr constant  rate reached; the re fo re  a 
constant l o s s  r a t e  was used s w h  t h a t  runoff equalled 45 percent of the  
p rec ip i t a t ion .  

3-04. UNIT GRAPHS. 

A u n i t  graph is a runoff hydrograph which represents  t h e  response of a 
basin m sub-basin to one inch  o f  e f f e c t i v e  p r e c i p i t a t i o n  occurring uniformly 
over t h a t  area i n  a spec i f i ed  time period. Ihe concept of a uni t  hydrograph, 
i n  conjunction with a l o s s  rate f m  determination o f  e f f e c t i v e  p r e c i p i t a t i o n ,  
permits computation of a runoff hydrograph fm any dura t ion  and depth o f  
uniform p r e c i p i t a t i o n  over t h a t  basin. The r u m f f  hydrograph i t s e l f  is 
determined by combining l inea r i zed  hydrographs for each e f f e c t i v e  
p r e c i p i t a t i o n  time pericd described by the  u n i t  gra* s t o r m  duration. The 
l inea r i zed  hydrographs a r e  r a t i o s  of e f f e c t i v e  p r e c i p i t a t i o n  for each period 
( i n  inches)  to the  u n i t  graph ordina tes  and a r e  combined sequent ia l ly  by use 
of the  superpos i t ion  p r i n c i p l e  to determine the  a c t u a l  flood hydrograph for 
the  t o t a l  storm far  each basin. The un i t  hydrograph procedure used by the  Los 
Angeles D i s t r i c t  h a s  i ts  bas is  i n  an S-graph which is the  time d i s t r i b u t i o n  of 
r u m f f  a s  a funct ion o f  basin l a g  time. Lag time is defined a s  t h e  time i n  
hours f c s  50 percent of the  t o t a l  volume of runoff o f  the  un i t  hydrcgraph t o  
occur. The basin lag  time can be approximated f c r  ungaged watersheds by t h e  
use of the  lag  r e l a t ionsh ip  presented on p l a t e  9. The basin n-value is a 
p ropor t iona l i ty  f a c t c r  i n  t h e  equation f c r  lag  time which permits adjustment 
of lag time depending on type of ground cover and surface  c h a r a c t e r i s t i c s  
a f f ec t ing  basin response to e f f e c t i v e  r a i n f a l l .  Synthet ic  d i s t r i b u t i o n  graphs 
(un i t  graphs whose m d i n a t e s  a r e  expressed as runoff i n  percent of un i t  
r u m f f )  f a -  each of t h e  subareas were derived from data developed i n  1957 
unit-hydrograph s t u d i e s  made of severa l  a reas  i n  the  Gila  River Basin and i n  
southern Cal i forn ia .  A s i n g l e  bas i c  S-graph representing an average of time- 
d i s t r i b u t i o n  c h a r a c t e r i s t i c s  of four  comparable regional  s t r e a m  uas assumed 
to be appl icable  fcr determining each of t h e  required synthet ic  d i s t r i b u t i o n  
graphs. The required lag  values fo r  the  subareas ( for  use i n  converting the  
S-graph to d i s t r i b u t i o n  gra$s) were t a k m  from the  l a g  curve appl icable  t o  
the  a reas  for which the  c r i g i n a l  unit-graph s tud ies  were made. Per t inent  
uni t -gram data a r e  displayed i n  t a b l e  6 and 7. These basin parameters were 
input  to the  Los Angeles D i s t r i c t  Flood Hydrograph Package (LADFHP, reference 
31, a computer s imulat ion model developed by t h e  Los Angeles D i s t r i c t ,  Corps 
of Engineers. This model computes u n i t  graphs a s  we11 as flood hydrographs. 

3-05. FLOOD RCUTING. 

a .  Reservoir Routing. Typical r e s e r v o i r  rout ing  methods were  employed, 
using t h e  "HEC-5 Simulation o f  Flocd Control and Conservation Systems" 
computer program ( reference  4). 

(1 )  SRP System. Due to the  funct ion of the  SRP reservoirs--water 
conservation and hydroeleotr ic  power generation--and to t h e i r  l imi ted  o u t l e t  
capaci ty  belcu spi l lway crest,  t h e  SW system is often " fu l l "  or  nearly f u l l " ,  
i.e., near n a m a l  water surface.  The lower th ree  reservoi rs  on t h e  S a l t  River 
(Horse Mesa, Mamon F l a t ,  and Stewart  Mountain Dam) a re  hydroelec t r ic  



- 
generat ion f a c i l i t i e s  and are kept  a t  90 percent full or  higher,  except &r ing  
pericds of extreme lat flat. The na tum of  SPF and PMP, r e su l t ing  i n  both 
cases  from in tense ,  genera l  winter  storms, includes antecedant runoff which 
would bring the o ther  r e se rvo i r s  i n t o  a " f u l l u  condition. Therefore, s t a r t i n g  
water sur face  e l eva t ions  fa. SPF and PMF flood r a t i n g s  were at  N I B  (whether 
the  r e se rvo i r s  a r e  nearly f u l l  a- completely f u l l  has m e f f e c t  on t h e  
peak). Estimated m l e a s e s  were made such that outflow ms equal t o  inflow, 
the  l i m i t  being the  hydraulic capaci ty o f  t h e  gated spillways. This type o f  
r e se rvo i r  operat ion maintains surcharge space for dam safe ty ,  i f  poss ib le ,  and 
follows t h e  1979 SRP SRFOC (reference  1) .  

( 2 )  Other r e se rvo i r s .  l h e  s t a r t i n g  condit ions and re se rvo i r  rout ing  
techniques fa- CooUdge alld Waddell Dam were s imi la r  to those for SRP 
r e s e r v o i r s ,  s ince  they a l s o  operate primari ly for  water conservation. 
Coolidge Dam d i f f e r s  i n  spi l lway configurat ion because the  ga tes  a r e  m longer 
opera t ional  and are frozen i n  closed posi t ion.  The NUS at Coolidge D a m  is 
actua l ly  es tabl i shed by concrete f lashbarrds.  During reservoi r  rout ing  f o r  
the Painted Rock SPF, t h e  f lashboards were considered to f a i l .  The f a i l u r e  
ms assumed to be complete, t h s  increas ing  t h e  s p i l l r e y  capaci ty by lowering 
the  mst and enlarg ing  the  s p i l l  area. 'he magnitude of the  discharge a t  
f a i l u r e  only 25,000 c f s ,  compared to t h e  peak s p i l l  o f  92,000 cfs l a t e r  i n  
the  f lood;  t h e r e f m e ,  time of f a i l u r e  d id  m t  a f f e c t  t h e  peak. 

b. Charnel Routing. Modifled Puls  rout ing  proce&nw wen? used to 
channel route  frequency hydrographs as tell a s  the  SPF and PIF hydrographs. 
A summary o f  storage-discharge r e l a t ionah ips  f m  1-hour and 6-hour time 
i n t e r v a l s ,  as' mquired ,  is presented i n  t a b l e s  8 through 11 fa. each rout ing  
reach. 

3-06. PERCOLATION LOSS. Not only are flood peaks i n  the  Gila  River system 
at tenuated thro* etfecta o f  reservoi r  a n i  channel rout ing ,  brt they a r e  a l s o  
diminished volumetrical ly due to i n f i l t r a t i o n  of streamflow i n t o  the  r i v e r  
charnel and overbank areas. This  type o f  i n f i l t r a t i o n  is apparent i n  seve ra l  
recent  f loods  o f  varying peaks and volumes such a s  Dec 1965-Jan 1966, Feb-Hay 
1973, March 1978, Dec 1978, Jan-April 1979, and February 1980. A s  evident  
from these f loods ,  the  rate of  percola t ion  is dependent on antecedent 
cond i t iom,  &ra t ion  o f  flat, shape o f  hydrograph, alld magnitude o f  peak and 
volume. An e x p o n m t i a l  type decay funct ion  sinilar to Amton's i n f i l t r a t i o n  
equation res hypothesized as a m o d e l  to exp la in  t h e  percola t ion  meohanisla. 
This model p m d i c t s  an u l t imate  a- Uniting i n f i l t r a t i o n  rate based on a 
higher  i n i t i a l  rate deaaylng over t h e  ( p l a t s  10). A l imi t ing  i n f l l t r a t i o n  
rate of 0.2 cih par l a t t ed -acm of  channel yielded good results based on 
s t u d i m  of t h e  a fonaen t ioned  floods. Tbe Hydrologic Engineering Center (EEC) 
also s tudied  percola t ion  in t h e  Salt River near Phoenix (reference 5). Using 
a similar e x p o n m t i a l  decay f u m t i o n ,  aa -average i n f l l t r a t i o n  raten o f  1.3 
in/k las computsd fm flat i n  a w e  day period. h e  Udting value was 0.2 
inchea p g  hour. (1 i n &  p w  hour equa l s  1 cubic f o o t  p e r  second pe r  wetted 
acre.) Sime t h e  m s u l t a  o f  both studies agmed,  a percola t ion  rate of 0.2 
cis p g  wetted ant f w  al l  n m a l l y  mdrym chamel reach- on t h e  S a l t ,  Agua 
F r i a ,  aud Gila Rivers ras w l e c h d .  Ihe constant  percola t ion  r a t e  res fe l t  
acceptable became t h e  constant  o l imi t ing  rate would be a d i e v e d  p r i m  t o  
arrival o f  the  peak, t lms  h a v i m  m effect on t h e  degme of  a t tenuat ion .  



Furthermore, the volumetric effect vas minimal, since bank returns at the end 
of the flood tended to restore the water lost i n  the early stages of a real 
event. Percolation rates i n  o h  per =re-foot of channel and bank storage are 
show fcr each namally dry ma& i n  tables 9 throwh 1 1 .  



IV. STANDARD PROJECT FLOOD 

4-01. GENERAL. The standard p r o j e c t  flocd (SPF) represen t s  t h e  f lood t h a t  
would r e s u l t  from the a ~ t  severe  oombination of meteorologic and hydrologic 
cond i t ions  considered d s o r e b l y  c h a r a o t e r i s t i c  of t h e  region. It normally is 
l a r g e r  than any p a s t  recorded flood i n  t h e  a r e a ,  and can be expected to be 
exceeded i n  magnitude only m rare occasions.  It t h u s  c o n s t i t u t e s  a s tandard 
f o r  design t h a t  dl1 provide a high degree o f  flood protect ion.  

4-02. STANDARD PROJECT S C R M .  I 
a .  S tud ies  o f  a v a i l a b l e  hydrologic Q t a  far t h e  Gi la  River Basin and 

adjacent  southwest a r e a s  have shown t h a t  t h e  storm o f  record with p o t e n t i a l l y  
the  most c r i t i c a l  flood-producing c h a r a c t e r i s t i c s  fa -  the  dra inage a r e a s  above 
Painted Rock !2am a& a confluence dam site uere t h e  first storm of January 
1916 and the  storm of February-March 1938. lhese  s torms,  as a c t u a l l y  a - i en ted  
over t h e  bas in ,  produced r a i n f a l l  amounts moderately less c r i t i c a l  than those  
t h a t  would have r e s u l t e d  if t h e  s t o r m  had been centered over the  a rea .  The 
standard p r o j e c t  f lood on t h e  Gi la  River between Painted Rock Dam and t h e  S a l t  
River has been synthesized on t h e  b a s i s  of the  assumed occurrence of a storm 
equivalent  to t h e  1916 storm centered (approximately 50 miles northwest of 
a c t u a l  occurrence) over t h e  area above Painted Rock Dam. The standard p r o j e c t  
flood on t h e  Salt River betwem its mouth and t h e  Verde River h a s  been 
synthesized on t h e  b a s i s  of the  assumed combined occurrence of a storm 
equ iva len t  to t h e  1938 storm and t h e  1916 s t u m  centered (approximately 20 
mi les  m r t h e a s t  and 80 mi les  m r t h w e s t ,  r e s p e c t i v e l y ,  of a c t u a l  occurrence) 
Over t h e  a rea  above t h e  confluence of t h e  S a l t  and Verde Rivers. 

b. Determination of t h e  magnitude of the  s t o r m  t h a t  would be equ iva len t  
to t h e  1916 and 1938 stams but would have a c r i t i c a l  cen te r ing  to t h e  
northwest and m r t h e a s t  , r e s p e c t i v e l y ,  was accomplished by ( 1  ) express ing the  
a c t u a l  r a i n f a l l  amounts i n  t h e  1916 and 1938 stcrms as percentages o f  the  mean 
r a i n f a l l  amounts far the period o f  October through May, (2) cons t ruc t ing  
insopercen tua l  maps based on t h o s e  percentages ,  a d  ( 3 )  s h i f t i n g  t h e  
insopercentual  l i n e s  to s w h  a p o s i t i o n  over the  bas in  a s  would r e s u l t  i n  more 
c r i t i c a l  amounts o f  r a i n f a l l  over  t h e  dra inage a m  above t h e  r e s p e c t i v e  
concen t ra t ion  po in t s .  Use o f  t h e  wan p r e c i p i t a t i o n  fo r  t h e  months of October 
t h r o w h  Hay as t h e  t r a n s p o s i t i c n  f a o t a -  fa- determining standard p r o j e e t  storm 
p r e c i p i t a t i o n  is considered t a r r a n t e d  i n  view of t h e  faat t h a t  most 
p r e c i p i t a t i m  i n  those  months i n  Arizona r e s u l t s  from s t m  o f  t h e  genera l  
win te r  type,  and t h u s  such meen seasona l  p r e c i p i t a t i o n  is an i n d i c a t i o n  of t h e  
e f fec t s  o f  bas in  topograpw on p r m i p i t a t i m  i n  genera l  starms. Prel imipary 
a n a l y s i s  o f  t h e  br& 1978 storm shows r e l a t i v e  p r e c i p i t a t i o n  amounts and 
i s o h y e t d l  p a t t a r n s  very similar to t h e  s tandanl  p r o j e c t  st- adopted. The 
s tandard p r o j e c t  storm r a i n f a l l  m o u n t s  am shown on t a b l e s  12 and 13. 

c. One hour uw selectd as t h e  malleat time i n t e r v a l  f m  which 
informat ion on r a i n f a l l  i n t e n s i t i e s  w u l d  b required i n  developing the  
standard p r o j e c t  f loods.  The time d i s t f i k r t i o n  of t h e  r a i n f a l l  i n t e n s i t i e s  
f o r  the  r e s p e c t i v e  p a r t s  o f  t h e  standard p r o j e c t  s t o r m  wer t h e  d i f f e r e n t  
subareas  tas made e q u a l  (with 1-hour amounts expressed as percentages  of t o t a l  
storm amounts) to t h e  time d i s t r i b u t i o n  of r a i n f a l l  in t h e  same m l a t i v e  p a r t s  



of the m i g i n a l  1916 and 1938 storms a s  computed from in t ens i ty  pat terns 
determind under assignments SP 1-20 and SP 2-8, respectively, of the 
cooperative storm-study program of the United S t a t e s  Weather Bureau and the 
Ccrps of Engineers c o n d l c t d  p r i c r  to the  1957 report. 

a. SPF Computation. lhe  standard project  floods for both centerings vere 
computed i n  several  i den t i ca l  s teps  a s  follows: 

( 1 )  effect ive r a i n f a l l  (para. 3-03.) for each subarea was calculated by 
applicat ion of the  1957 l o s s  r a t e  (para. 3-02) to t h e  standard project  storm 
prec ip i ta t ion  t o t a l s ;  

( 2 )  un i t  graphs f m  each subarea were determined a s  discussed i n  para. 
3-04; 

(3 )  flood hydrographs for each subarea were determined by inputt ing 
e f f ec t ive  r a i n f a l l  to LADFHP, which combines computed un i t  graphs w i t h  
e f f ec t ive  r a i n f a l l  t o  determine subarea hydrographs; 

4 the  respective subarea component flood hydrographs were input  to H E G  
5,  the reservoi r  operation program, wherein a l l  reservoi r  rout ing,  channel 
rout ing,  hydrograph combination, aM percolation losses  were t a k a  i n t o  
account (para. 3-05 and 3-06). A sohematic diegram of the routing and 
combining prooe&re is show on p la t e  11. 

b. SPF Results. SPF peak discharges, computed a s  described above, are  
presented i n  t ab le  14 and 15 f c r  both ex i s t ing  conditions and the  
hydrologically viable pro jec t  a l t e rna t ives  l i s t e d  i n  tab le  16. 



V. PROBABLE WXIMM FLWD 

5.01. GENERAL. The probable maximum flood (PKF) is defined a s  the flood t h a t  
would r e s u l t  i f  the  probable m a x i m  precipitation for t h e  drainage area were 
to occur a t  a time when ground condition8 vere conducive to maximum runoff. 
Probable m a x i m u m  flood, a s  its =me implies, is an estimate of the tpper bound 
of flocd potent ia l  on a watershed. Suoh a hypothetical flood is necessary f o r  
proper design of dam spillways. 

5-02. PROBABU WXIMM PRECIPIURON. Probable maximum prec ip i ta t ion  (PMP) 
is considered the  p r m t i c a l  upper l i m i t  of avai lable prec ip i table  water over 
an area a s  estimated by the Hydrometeorological Branch (IiMB) of the National 
Weather Service. Techniques f c r  determination of depth of general storm PMP 
for 72-hour &ra t ions  for dra imge areas  betwen 10 and 5,000 square mlles For 
looatioru w i t h i n  the  Colorado River and Great Basin dminage la g i v m  i n  
Hydrometeorological Report No. 49 (H13R-49, reference 6) .  h i d a w e  for time 
d is t r ibut ion  of PMP is provided i n  Hydrometeorological Report No. 36 (HMR-36, 
reference 7). Permission was given by H I B  to careful ly extrapolate  
relat ioruhips for PMP provided i n  iiMR-49 beyond the  5,000 square mile l i m i t  
for Roosevelt (5,830 sq. m i . )  aDd Hcrseshoe Dam (5,660 sq. d .). Ihe PMP 
depth and time d i s t r ibu t ion  for both aumrer and winter 72-hour general storms 
for the l2,gW square d l e  confluence a i t e  was a l so  provided by HMB (reference 
8) .  The PMP depth and time d i s t r ibu t ion  for both summer and winter storms a r e  
shown in  tables 17 and 18. 

5-03. DE3ERMINATIQS OF PIP. 

a .  Ihe probable m a x i u r n  floods fcr the reservoir  s i t e s  being studied 
i .e., Roosevelt, Acrswhoe, C l i f f ,  B a r t l e t t  , and the  Salt-Verde confluence, 
ware computed using the methods outlined i n  sec t ions  I11 and IV. R e  winter 
PMP prodwed a mom severe flood than the corresponding sumner PMP fcr  a l l  
sites, &e to the increased runoff potent ia l  caused by fac tors  such a s  
s m e l t ,  frozen soil, saturated soil, base flow, decreased demand, " f u l l n  
reservoirs ,  and smaller abstract ion8 s w h  as evapotranspiration. 

b. The Verde River sites (Hornenhoe, Cl i f fa ,  and B a r t l e t t )  vere 
considered as a single site because of the d m r  impact of the  195 square d l e  
drainage a r m  between Ecrsashoe and B a r t l e t t  Dam. Horseshoe Dam was assumed 
t o  pass the  P W  component fa- Bartlett Dam and the  confluence site dam without 
at tenuat ian cr f a i lu re .  

c. The PUP fa- the conflumoe s i t e  uls computed a s s d n g  the top of the  
ex i s t ing  Rooserslt D.. would  be^ rs ised aa neces8ai-y to prevent overtopping; 
the  remaining SllP dam wsre assumel to pass the  inflow componmts without 
attenuation rn fa i lure .  

d. A s w y  of PW values ta given i n  t a b l e  19. 



V I .  SEDImT PRODUCTION - VERDE RIVER DAMSITES 

6-01. SEDIbENT RATE DETERMINATION. 

a. &I estimate of the  100-year volume of sediment accumulation behind 
each the a l t e rna t ive  Verde River damsites is needed f o r  design of the proposed 
flood c o n t r o l  s t ruc tures .  Tbo estimates are based on sediment inflow records 
for  Horseshoe and B a r t l e t t  Reservoirs and recorded data f o r  other streams and 
exis t ing  reservoira i n  the  general area. The estimates were a l s o  checked 
using the  techniques described in  reference 9. 

b. Data from reservoir  surveys of Horseshoe and Bartlett Reservoirs 
appear t o  indica te  a moderate r a t e  of sediment production potent ial .  (Note: 
Moderate is C l a s s  13, 0.05-1 .OO AF/sq.mi./yr., reference 9.) Reservoir 
surveys were conducted l n  October 1950 (reference 101, November 1963 
(references 10 and 11). and October 1978 (reference 11) f o r  Horseshoe 
Reservoir. B a r t l e t t  Reservoir was surveyed in  November 1950 (reference l o ) ,  
January 1964 (references 10 and 111, and June 1977 (reference 11). Table 20 
gives the r e s u l t s  of the  surveys. Sediment y ie ld  r a t e s  f o r  other exis t ing  
reservoirs  i n  the region a re  a l s o  given i n  t ab le  20. 

c. There are two major reasons f o r  the  lcw sediment yield r a t e  observed 
a t  Horseshoe Reservoir. 

(1)  A subs tan t i a l  portion of the watershed is t r ibutary  t o  long, 
wide valleys which have mild streambed gradients.  Rivers on a mild slope have 
r e l a t ive ly  low capacity t o  t ransport  sediment, and a moderate-to-low sediment 
yield r a t e  would be expected from the area. 

(2) An observed sediment y ie ld  r a t e  is a lso  closely related t o  the 
number of floods tha t  occur i n  the  observation period, aa seen i n  the case of 
Horseshoe Reservoir. Between October 1950 and November 1963, only one major 
flood occurred on the  Verde River (1952, maximum 1-day flow = 42,300 c f s ) .  
The next highest 1-day flow during t h i s  period was 17,300 c f s  i n  1958. From 
November 1963 to October 1978, three floods had maximum 1-day flows ranging 
from 45,000 t o  60,000 cfs .  For the remaining years of t h i s  period, maximum 1- 
day flows were l e s s  than 27,000 C f s .  The sediment r a t e  fo r  the l a t t e r  period 
with more frequent high flows is nearly twice the r a t e  fo r  the e a r l i e r  period, 
0.093 ac .ft ./sq .mi./yr. t o  0.049 ac .ft ./sq.mi . /yr .  ( t ab le  20). 

6-02. DESIGN ESTIMATES. 

a. Assuming of the sediment derived from the Chino and Verde Valleys is 
deposited upstream, the major contribution would come from the area below 
Verde Valley, approximately 600 square miles, although there would be some 
sediment frcm the upstream areas. Choosing an equivalent contributing area of 
1,000 square miles, the  average annual sediment y ie ld  computed from the survey 
data is 0.407 acre-feet per square milo per year. This is a reasonable r a t e  
in view of the  small number of major floods tha t  occurred during the period 
oovered by the  surveys. For design purposes, a sediment yield of 0.65 acre- 
f ee t  per square mile per year for  an equivalent oontributing area of 1,000 
square miles above Horseshoe Dam vas adopted, thus accounting f o r  some 



e 

sediment from the area above Verde Valley and the  m a l l  number of major flows 
i n  the  survey data. The same annual sediment produ?tion, 650 acre-feet per 
year,  can be derived by increasing the annual sedimmt production &ring  the 
period from November 1963 to October 1978 bp only 25 percent. This period 
better repmsents  the  magnitude and mmber of major floods on the Verde River 

a 
over t h e  long term, kt it is not considered typical .  

b. The saw, yie ld  r a t e  would apply to the proposed Cl i f f  Reservoir, with 
the equivalent contributing area increased to 1,081 aqua* miles sirme 
Horseshoe Dam w u l d  be breached fm t h i s  al ternat ive.  I 

c. Pa- t he  New B a r t l e t t  Dam al te rna t ive ,  Hceseshoe Dam would remain i n  
place, reducing the area  d i r ec t ly  contributing sediment to New B a r t l e t t  
Reservoir to (based on published DA's) 195 squara miles. The sedhumt 
potent ial  of t h i s  area is s imi lar  to the area  between Verde Valley and 
Hwseshoe Reservoir. Therefore, t he  y ie ld  rate would tm about t h e  same, 
assuming similar  t r ap  ef f ic iencies  of Hwseshoe and New B a r t l e t t  Dam. a 

d. Bst iaates  o f  100-year sediment v o l m  fa- the  proposed d a ~  
al te rna t ives  are givm in t ab le  21. 
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V I I .  ADEQUACY OF RESULTS. 

7-01. STANDARD PROJECT FLOOD. 

a. S a l t  River. The adequacy of the  standard project  flood fo r  S a l t  River 
can best be shown by comparison of the magnitudes of t h i s  flood with floods of 
record. The peak flat f o r  the  standard projec t  flood, ~ S ~ m i n g  no upstream 
dams, would be 350,000 c i s ,  o r  50,000 cfs la rger  than the  uncontrolled peak of 
300,000 c f s  fo r  the 1891 flood. The peak flow of the standard project  flood 
modified by exis t ing  dam (295,000 c i s )  is about equal t o  the  estimated 
uncontrolled peak of the  1891 flood, which is probably the grea tes t  flood of 
record, b e l w  the confluence of the  Verde and S a l t  Rivers. The return period 
for  t h i s  hypothetical flood peak discharge is approximately 200 years. 

b. Gila River. Similarly, the grea tes t  flood of record, estimated t o  
have peaked a t  about 250,000 c i s  near the  present Gil lespie Dam, a l so  occurred 
i n  Feb. 1891 without any upatma01 reservoir  control.  The SPF peak computed 
for the Gila River (300,000 c i s )  is likewise 50,000 cubic f ee t  per second 
larger  than this uncontrolled peak. The return period fo r  t h i s  hypothetical 
flood on the Gila River is grea ter  than 250 years. 

c. Summary. The SPFs developed during Stage I1 are  considered adequate 
f o r  design purposes based on the  sever i ty  of the standard projec t  storm, 
magnitude in comparison t o  h i s to r ioa l  events, and infrequent recurrence 
in terva l .  

7-02. PROBABLE MAXIMUM FLOOD. The adequacy of probable maximum flood fo r  the 
damsites is best  indicated by the sever i ty  of the various hydrologic f ac to r s  
(storm magnitude, precipi tat ion-intensi ty pa t te rn ,  and loss  r a t e )  on which the 
flood estimate is based. The occurrence of any of these fac tors  i n  the  
sever i ty  assumed would be infrequent ,  and obviously a flood resul t ing  from a 
combination of a11 of these conditions would be very severe. Confirmation of 
the hydrologic parameters through reconst i tut ions of observed flood events has 
yet  t o  be performed. Because the  PW w i l l  remain i n t a c t ,  no major change i n  
PI@ values is anticipated.  

7-03. SEDIMENT PRODUCTION. The adequacy of the  design sediment estimates fo r  
the  Verde River d a m  a l t e rna t ives  is i l l u s t r a t e d  by par i ty  wi th  sediment y ie ld  
r a t e s  fo r  reservoirs  i n  the  general v ic in i ty .  Also, sediment yield r a t e s  
determined by the  procedures described i n  mference 9 produced values very 
s imi lar  t o  the  adopted ra tes .  



V I I I .  DISCURGE FREQUENCY ANALYSIS 

8-01. RREAHLOW RECORD. St-flow records wen available fa- locat ions 
along the S a l t  River on a nearly contimous basis since August 1888. ?he 
streamflow recold fcr the Gila River is intermit tent  &ring the  period 1889- 
1914; continuous lscorded inflow a t  Coolidge Dam is available from 1914, and 
a t  Gil lespie Dam from 1921. Instantaneous discharge estimates a r e  avai lable a t  
various locat ions along the Gila River for major observed floods beginning 
w i t h  the flood of February 1891. Periods of stnamflow record fa- the  Gila 
and S a l t  Rivers and t h e i r  major t r ibu ta r i e s ,  a s  used i n  t h i s  mpor t ,  are 
listd i n  tab le  22 ard s h o w  on p l a t e  11. Missing yearn of record a t  required 
locations wen eatimated using cross'oorrelation with known a- estimated 
discharges for other &rat ions,  with upstream a- downstream-mainstem s t a t ions ,  
and with s t a t ions  cm other streams. 

8-02. EXISTING CONDITIONS. To develop discharge frequency relat ionships for 
exis t ing  conli t ions,  the recorded streamflow record f m  the  S a l t  and Gila 
Rivers had to be converted to a sequence of "standardizedn exis t ing  conditions 
discharges. Standardization, i.e. oonverting a l l  streamflw to t he  same base, 
ex is t ing  conditions, was mquimd because the  recorded data was published for 
a mn-homogeneous period of recotd. Reservoir constrrct ion began w i t h  
Roosevelt Dam, b u i l t  &r ing  the period 1905 through 1913, and continued 
throughdut the  basin through 1945 whm Horseshoe Dam uas completed 
( tab le  1). Ihe analys is  ms oonduoted i n  tm par t s ,  one for the S a l t  River 
through the  City of Phomix, and the  other f c r  t h e  Gila River between the  S a l t  
River confluence and Painted Rock Dam. 

a. S a l t  R i v e r  through the  City o f  Phomix. 

(1) Simulation of Exist ing Conditions. To standardize flow i n  
the  S a l t  River, SAP reservoirs wera modeled using t h e  R E G 5  computer program. 
Reservoir cha rac te r i s t i c s ,  channel routing parameters, and percolation 
lossea wem establ ished as discusaed i n  para. 3-05 and 3-06. A laonthly 
release schedule les established based on naveragem downstream surface water 
m a d s  derived frm surface water and pumping requirements for present and 
expected "near t21turen conditions provided by aad with cooperation from SAP. 
( r e f e r m e  1 ). A v e m  monthly mssrvoi r  evapomticm rates tmre establ ished 
*om National Weather Service pan m a p a t i o n  data for SAP reservoirs.  lhese 
parameters ware then i n c a p o r a t u l  i n t o  t h e  mG5 p m g m  to simulate SW 
operation uder exis t ing  conditions. lhe @el  was cal ibrated using t h e  
Dec. 1965-Jan. 1966 ard Mar& 1978 floods. 

(21 Monthly Somaning. Monthly flw hh f t r  the S a l t  and Verde 
Rivers and Tonto Crask warn adjusted to prodma cr wntinuoua saquence of 
Inflows to Roosevelt ad Horseshoe D a m  for the period fras August 1888 to the  
present. S t a r t i n g  storages for SW resanoirs i n  August 1888 wen estimated 
from inferences of h i s t o r i c a l  floodflows prior to 1888 and wmrmalm demand and 
evaporat im lossas  &rim the  inb rven ing  period. The monthly inflows were 
then muted thraylh tbe computer simulation model to determine i n  which months 
s p i l l s  would l ike ly  occur undes ex i s t ing  coMitions. Streamflow i n  t h e  S a l t  
River b e l w  the SIIP reservoirs  of w n i t u d e  grea ter  than the  monthly demand 
les considered a "spi l ln.  Streamflw lem than o. equal to the  monthly demand 



was d i v e r t e d  at Gran i t e  Reef Dam. S p i l l s  determined were catalogued and 
s c r e m e d  to determine the month of the maximum event  fa- each water year.  

( 3 )  Determination of  Discharge Frequency Rela t ionships .  Daily 
in f lows  to SRP r e s e r v o i r s  were developed from gaged streamflow f a -  t h e  maximum 
s p i l l  even t s  d e t e r d n e d  by t h e  w n t h l y  screening.  I n  a d d i t i o n ,  t h e  d a i l y  
flows were broken i n t o  6-hr average d i s c h a r g e s  fa- flood events.  These d a i l y  
and multi-hourly i n f l a r s  tare routed through the s imulated SRP system, wi th  
i n i t i a l  r e s e r v o i r  s t o r a g e s  far' t h e  month(s) determined by t h e  monthly 
sc reen ing  r e s u l t s .  I n  iater y e a r s  when t h e  maximum s p i l l  event  ias i n  doubt 
based on monthly s c r e e n i n g  a lone ,  a l l  t h e  months i n  q u e s t i o n  were analyzed 
i n  t h i s  same manner. Resu l t ing  annual  m.ximum va lues  for  peak,  l-day, 2-day, 
3 - b y ,  5-day, and 10-day & r a t i o n s  were then ordered and p l o t t e d  on log- 
p r o b a b i l i t y  frequency paper ,  us ing  median p l o t t i n g  p o s i t i o n s ,  for  each 
concen t ra t ion  po in t  a long t h e  S a l t  River through t h e  C i t y  of Phomix.  
Curves were f l t  through t h e  p l o t t e d  da ta  us ing as guide  a set of "natura l"  
d i s c h a r g e s ,  generated a long wi th  t h e  e x i s t i n g  c o n d i t i o n s  d i scharges  by t h e  
H E G 5  s i m u l a t i o n  program. Balanced hydrographs for t h e  9 0 - y e a r ,  200-year, 
100-year, and 50-year events  were determined f a -  t h e  combined i n f l c u  t o  
Roosevelt and Hwseshoe Dams and routed through t h e  SRP s imula t ion  model t o  
a i d  i n  developing t h e  shape of t h e  d ischarge  frequency curves.  A sample peak 
d i scharge  frequency curve  developed us ing  these  p rocedums  is shown on 
p l a t e  13. Resu l t s  of  t h e  a n a l y s i s  are displayed i n  t a b l e  23. 

b. Gi la  River Between t h e  Salt River Confluence and Painted Rook Dam. 

(1 )  Simulat ion of E x i s t i n g  Condit ions.  Coolidge Dam and Waddell Dam 
on t h e  qpper Gi la  and Agua F r i a  R ivers ,  r e s p e c t i v e l y ,  a r e  t h e  only s t r u c t u r e s  
which affect majar f lood flows on t h e  Gi la  River between t h e  S a l t  River and 
Pa in ted  Rook Dam, o t h e r  than t h e  SRP system. To s imula te  e x i s t i n g  c o n d i t i o n s  
i n  t h i s  reach required combining t h e  preceding e x i s t i n g  cond i t ions  streamflow 
da ta  generated f w  t h e  S a l t  River through t h e  Ci ty  of Phoenlx with synchronous 
e x i s t i n g  c o n d i t i o n s  streamflow i n  t h e  upper Gila and Agua F r i a  Rivers. The 
upper Gila River has  g r e a t e r  p o t e n t i a l  fo r  c o n t r i b u t i n g  to flow i n  t h e  lower 
G i l a  River than t h e  Agua F r i a  River because o f  its g r e a t e r  drainage a r e a  and 
subsequent runoff  volumes. However, Coolidge Dam h a s  e f f e c t i v e l y  c o n t r o l l e d  
a l l  i n f l c u  s i n c e  its c l w u r e  i n  1928 u n t i l  1980. Thus in f lows  to Coolidge Dam 
were only  analyzed p r i o r  to 1928. lhe HEG5 computer program ias used t o  
s imula te  average monthly demand, evaporat ion,  and r e s e r v o i r  c h a r a c t e r i s t i c s  
f o r  Coolidge Dam. Average monthly demand was based on USGS stream gage record 
fa r  t h e  G i l a  River be lcu  Coolidge. Evaporation d a t a  ias taken f r o m  pan 
e v a p w a t i o n  da ta  fw Coolidge Dam,  Nat ional  Weather S e r v i c e ,  and r e s e r v o i r  
a h a r s c t e r i s t i c s  were provided by BUREC, and Bureau o f  Ind ian  Affa i rs .  

( 2 )  Monthly Screening.  Monthly inflow to Coolidge Dam tas extended 
back to t h e  1903 water y e a r  by C o r r e l a t i n g  gaged record a t  Coolidge Dam with 
o t h e r  gaged s t r eamf lovs  on t h e  G i l a  River ,  a f t e r  adjustment to account f o r  
S a l t  River f lows ( p l a t e  14). Only one s p i l l ,  February 1891, would have 
occurred between 1888 and 1903. S t a r t i n g  s t o r a g e  f w  1903 was est imated from 
a v a i l a b l e  annual  r u m f f  an2 p r e c i p i t a t i o n  records  and "normalw dep le t ions  
s i n c e  February 1891. ContinUouS e x i s t i n g  c o n d i t i o n s  monthly flows were 
genera ted f a -  t h e  1903 to 1928 per iod and rou ted  through t h e  r e s e r v o i r  t o  
determine s p i l l s .  



(3)  Winter Flood Hydrograph Analysis. m e  procedure for analysis of 
floods on t he  Gila River between the  S a l t  River and Painted Roak Dam involved 
four major streamflar components: t h e  S a l t  River above the confluence w i t h  
the  Gila River (para. 8-02. a. ( 3 ) ) ;  the  Gila River belar  Coolidge ( s p i l l s )  ; 
the Gila River betwren Coolidge and Gi l lespie  Dam; and the Agua Fr ia  River. 

(a)  1888-1903. Sinoe no s p i l l s  would have occurred from 
Waddell or Coolidge Dam3 during this pariod other  than i n  February 1891, flow 
i n  the Gila River between the  S a l t  River and Painted Rock Dam tas based only 
on S a l t  River routed flars. Fa- February 1891, S a l t  River discharge was 
combined with estimated s p i l l s  from Coolidge and Waddell Dams. 

(b) 1903-1928. During t h i s  period, the  S a l t  River component 
tas combined with synchronws floods routed through Coolidge Dam &ring t h e  
period 1903-1928 on a da i ly  and multi-hourly basis. Estimated s p i l l s  from 
Waddell Dam and flar i n  the  Gila River between Coolidge and Gil lespie Dams 
were then combined with these discharges and t h e  r e s u l t s  routed to Painted 
Rock. 

(c )  1928-Present. S i m e  1928, there have been no s igni f icant  
s p i l l s  fm Coolidge Dam. I n  t h e  pericd &ring April 22 through May 20, 1979, 
Coolidge sp i l l ed  or rsleased water a t  a r a t e  less than 2000 cfs .  Of t h i s  
total, l eas  than 10 c f s  reached t h e  Gila River b e l w  the  S a l t  River. A 
s l i g h t l y  larger s p i l l / r e l e a s e  wcurred in 1980 (4000 c i s ) .  Neither of these 
events impact the f r equeng  mla t io ruh ips  f a r  the  Gila River a t  CP-1310. 
Therefwe, fm this period S a l t  River streamflow was combined w i t h  Waddell Dam 
s p i l l s  plus Gila River flow betvscn Coolidge Dam and Gil lespie Dam. 

(4) S w e r  Flood Hydrograph Analysis. Simulation r e s u l t s  indicated 
none of the  mjar storaga f a c i l i t i e s ,  SRP reservoirs  and Coolidge and Waddell 
Dam, would have sp i l l ed  i n  the  summer &ring the pericd of record. However, 
the= would have bem sumer  floods i n  the Gila River emanating from areas not 
controlled by these mservo i r s ,  e.g., the  September 1926 flood i n  the  San 
Pedro River. Strsamflw i n  the Gila River betveen the  S a l t  River and Painted 
Rock Dam from the aajor  uncontrolled sources-the San Pedro, Santa Cruz, and 
Haasayampa Rivers, and Centernial Wash-is m f l c r t s d  i n  gaged rcoord below 
Gil lespie Dam. Therefore, gaged stmamflar a t  Gil lespie,  adjusted, i f  
necessary, to exclude strsamflar from t h e  controlled souroes, tas examined to 
determine the  annual maximum -er ruwff for &rat ions  of in t e res t .  

(5 )  Derivat im of Dlsaharge Frequency Relationships. The annual 
maximum a-r and winter discharges dlrcussed above were then compared, and a 
s ingle  set of annual maximum discharges wrm determtned. This standardized 
set of disohargas betwen the  S a l t  River and Painted Rock Dam wre ardered and 
plot ted m log-probability paper, using median p lo t t ing  positions. A 
consistent family of disaharge frequancy curves uas constructad for points  of 
i n t e r e s t  i n  the  mach, using the mrve f m  t h e  Salt River above the  Gila River 
oonfluence as a mi&. A sample frequency curve is shown on p l a t e  15, and the  
resul t s  of the frequency a r a l y s l s  a r e  s m a r i z s d  i n  tab le  23. 



8-03. PROJECT CONDITIONS (Stage 11) .  Discharge frequency re l a t ionsh ips  fo r  
t h e  S a l t  River through t h e  City of Phoenix and t h e  Gila  River between t h e  S a l t  
River and Painted Rock Dam under p r o j e c t  condit ions depend foremost on the  
design of t h e  pro jec t .  The elements,  e i t h e r  s t r u c t u r a l  m reregula tcry ,  have 
c e r t a i n  c h a r a c t e r i s t i c s  which a f f e c t  f looding d i f f e r e n t l y .  This top ic  w i l l  be 
addressed i n  two d i s t i n c t  phases--conceptual p ro jec t  design and how t h e  
p a r t i c u l a r  design a f f e c t s  the  frequency curve. 

a. P ro jec t  Design. During Stage I1 t h e  elements were  designed such t h a t  
they were a b l e  t o  con t ro l  t h e  design f loods ( the  50-year, lOO-year, and 
standard p ro jec t  f loods)  to t a r g e t  discharges of 50, 100, 150, and 200 
thousand c f s  through the  City of Phoenix. Ihe 59-year and 100-year f loods 
were determined from balanced hydrographs based on a frequency ana lys i s  of 
r e se rvo i r  inflow. 

(1 ) S t r u c t u r a l  Elements. 

( a )  Single  element p ro jec t s  were screened to determine t h e i r  
hydrologic f e a s i b i l i t y  by comparing the  combined uncontrolled streamflow 
components of the  design flood to the  t a r g e t  discharge. For example, i f  the  
s trwture bas a new Verde River flood cont ro l  dam, t h e  S a l t  River component 
was combined w i t h  the  l o c a l  flow below the  Verde s t r u c t u r e  t o  see  if it was 
l e s s  than cr equal  to t h e  t a rge t  discharge. If t h i s  discharge was g r e a t e r  
than the  t a r g e t ,  t h e  element could not serve a s  a s i n g l e  element p ro jec t  for  
t h a t  design flood and t a rge t .  This i n i t i a l  screening process ws followed f o r  
every element. After s e l e c t i o n  of the  s i n g l e  element p r o j e c t s ,  they were 
s ized by determining what flood cont ro l  pool would be required f o r  given 
o u t l e t  s i z e s .  Since no design c r i t e r i a  or cost  data were a v a i l a b l e ,  an 
attempt was made to minimize the  flood con t ro l  pool required. S u f f i c i e n t  head 
t o  produce l a r g e  flood con t ro l  r e l e a s e s  would be ava i l ab le  due t o  b a t e r  
a l ready stored i n  the  conservation pool. This philosophy was a l s o  extended t o  
dual element a l t e r n a t i v e s ,  and l a t e r  to reregula t ion .  

( b )  Mult iple  Elements. No screening rras necessary f o r  mul t ip le  
element p r o j e c t s ,  s ince  they could always be adequately s ized t o  cont ro l  the  
design floods to any of t h e  t a rge t s .  The philosophy expressed above, maximum 
o u t l e t s  and minimum flood con t ro l  pool,  was again used. But, because another  
degree of freedom had bem introduced due to t h e  add i t iona l  element, a m t h e r  
assumption was required to permit a Single  so lu t ion  for each p o s s i b i l i t y  i n  
the  matrix ( 3  by 4, 3 design f loods and 4 design t a r g e t s ) .  Again, i n  l i e u  o f  
complete economic da ta  with which to optimize design,  t h e  system of flood 
con t ro l  r e se rvo i r s  were designed not only to minimize the  indiv idual  r e se rvo i r  
space requi red ,  but  a l s o  to minimize t h e  t o t a l  flood con t ro i  space i n  both 
reservoi rs .  This ias accomplished through an i t e r a t i v e  design p r o c e d e  using 
the  real-time i n t e r a c t i v e  version of the  HEG5 program (HEG5R) t o  provide 
graphics  and to streamline decision-making. 

( c )  Stage I1 design results a r e  shown i n  Appendix 11. 

( 2 )  Reregulation. This process involved dedicat ion o f  varving 
amounts of flood con t ro l  amonq the  th ree  elements considered--Roosevelt, 
Horseshoe, and B a r t l e t t  Dam--as described i n  para. 1-03.b. The philosophy of 



design was t o  minimize n o t  only f lood con t ro l  space, but a l s o  s t r u c t u r a l  
modif icat ions,  and dura t ion  o f  dedica t ion  o f  conservation space f o r  flood 
con t ro l ,  and t o  prevent any encroachment i n t o  s to rage  space between t h e  top  of 
t h e  g a t e s  and t h e  top  of t h e  dam, which is reaerved f o r  dam safe ty .  Using 
t h i s  approach, systems of elements and designs were analyzed i t e r a t i v e l y  u n t i l  
a compatible so lu t ion  was reached f o r  each a l t e r n a t i v e  i n  t h e  3 by 4 design 
matrix. Same design c o n s t r a i n t s  could n o t  be met because of t h e  l imi t ed  
a v a i l a b l e  flood con t ro l  space on t h e  Verde River ( see  t a b l e  16 f o r  v iable  
a l t e r n a t i v e s ) .  Because of uncer ta in ty  as t o  t h e  r e l a t i v e  worth o f  s torage  
space versus c o s t  o f  o u t l e t s ,  more than one design was developed f o r  
a l t e r n a t i v e s  requi r ing  very l a r g e  amounts o f  flood con t ro l  space. The 
add i t iona l  designs used l a r g e  o u t l e t s ,  o r  even involved spi l lway 
modifications, t o  r e s t r i c t  required space. Designs were again analyzed 
through use o f  HEC-5R. Stage I1 r e s u l t s  a r e  displayed In Appendix 11. 

b. P ro jec t  Condition Frequency Analysis. 

( 1 ) Balanced Hydrographs. The e x i s t i n g  condi t ions  discharge 
frequency c u m e s  were determined by converting non-homogenous streamflow 
record i n t o  a standardized set o f  e x i s t i n g  condit ions discharges along t h e  
S a l t  and Gi la  Rivers through use of a period-of record a n a l y s i s  of inflow t o  
t h e  r e se rvo i r s  (para.  8-02). For Stage I1 of  CAWCS, t he  number of a l t e r n a t i v e  
p ro jec t s ,  both s t r u c t u r a l  and reregula tory ,  f o r  each o f  t h e  designs i n  t h e  3 
by 4 design matr ix was far t o o  unwieldy t o  analyze on such a r igorous bas is .  
Ins tead ,  balanced hydrographs were used t o  modify t h e  e x i s t i n g  condi t ions  
frequency curves. The balanced hydrographs were generated from recorded 
i n f l a r  t o  Roosevelt and Horseshoe Dams, and should produce r e s u l t s  similar t o  
period-of-record simulat ions.  The e x i s t i n g  condit ions frequency curves were 
modified as fo l lovs :  

( a )  Events l e s s  than o r  equal  t o  t h e  design t a r g e t  discharge 
were considered as unon-damagingn and thus  remain t h e  same a s  f o r  e x i s t i n g  
condit ions.  

(b)  Events less than o r  equal t o  t h e  design f lood,  and g r e a t e r  
than t h e  target discharge,  were s e t  equal t o  t h e  design t a rge t .  (Example-- 
given a 50-yr design with a 100,000 c f s  target: a f lood o f  150,000 cfs is less 
than t h e  peak 50-yr design f lood,  175,000 cfs; the re fo re ,  it was set equal t o  
t h e  t a r g e t  discharge o f  100,000 c f s ) .  

(c)  Events greater than t h e  design f lood could be represented 
accura te ly  by rout ing  d i s c r e t e  balanced hydrographs f o r  frequencies g r e a t e r  
than t h e  design through t h e  proposed projec t .  (Example--% 100-year design 
would be evaluated by running t h e  200-and 500-year balanced hydrographs 
through t h e  design systcro.) 

This type o f  a n a l y s i s  compared all p r o j e c t s  on an equal bas is .  

(2)  S a l t  River through t h e  City o f  Phoenix. A s  s t a t e d  previously,  
each proposed p ro jec t  a l t e r n a t i v e  was analyzed through use  o f  balanced 
hydrographs t o  determine t h e  peak discharges f o r  n-year f loods under p ro jec t  
conditions. The values were p lo t t ed  as n-year events  and a smooth curve drawn 



for  events g rea te r  than design. The remainder of the  curve is based on the  
previous discussion, 8-03. b. ( I ) ,  ( a ) ,  (b) .  An example is shown i n  Appendix 
11, a s  well a s  a summary of t h e  with project  peak discharges for  various 
return periods. 

(3) Gila River between t h e  S a l t  River and Painted Rock Dam. The 
with pro jec t  frequenoy floodflows i n  the  S a l t  River were routed t o  the  Gila 
River. A comparison was then made between n-year flows under exis t ing  
conditions and under pro jec t  conditions f o r  the  S a l t  River above the  Gila 
River, and the  corresponding n-year discharges in  the  Gila River were then 
reduced by the difference. The reduced n-year flows were plotted f o r  each 
design a l t e rna t ive ,  and smooth ourves drawn through the  wi th  project  data 
( typica l  curve, Appendix 11.). A sunrmary of the  wi th  project  peak discharges 
f o r  various re turn  periods is a l s o  ahown i n  Appendix 11. 

8-04. INTERVENING DRAINAGE. The drainage areas on the  S a l t  and Verde Rivers 
below the  fu r thes t  upstream exis t ing  dams, Roosevelt and Horseshoe, were 
analyzed separately i n  Stage I. The methods wed and r e s u l t s  a re  de ta i led  in  
Appendix I. I n  general t he  approach taken was t o  determine the  peak and 
volume of runoff which emanated e n t i r e l y  below Roosevelt and Horseshoe Dams. 

There is gaged streamflow data on the  Verde River below Tangle Creek 
(above Horseshoe Dam), below B a r t l e t t  Dam, and a t  Scottsdale. I n  addition 
there  is streamgage information on the  major t r ibu ta ry  of the  lower Verde, 
Sycamore Creek. Also, there  is record f o r  t h e  S a l t  River near Roosevelt, and 
below Stewart Mountain Dam, a s  well a s  on Tonto Creek above Gun Creek. 
Final ly,  i nd i rec t  peak discharge measurements made by the  United S ta t e s  
Geological Survey (USGS) a r e  avai lable  f o r  some s igni f icant  events along 
t r i b u t a r i e s  of the  lower S a l t  and Verde Rivers. Besides the  streamflow 
record, there  i s  published record of storage i n  SRP reservoirs  by both the 
USCS and SRP. 

This col lec t ion  of data was analyzed t o  provide estimates of the  
difference between operat ional  re leases  from the  most upstream reservoirs  and 
the  flow a t  the  downstream s t a t i o n s  on both the  S a l t  and Verde stems. In the  
case of Verde River re leases ,  routing methods were employed t o  account f o r  the  
channel losses encountered between Horseshoe Dam and the  gage near 
Scottsdale. 

On the  S a l t  River t h i s  type of accounting was unnecessary s ince  the  ta i lwater  
from the  downsteam lake extends t o  the  upstream ou t l e t s ;  therefore there is no 
channel routing, only reservoi r  routing on the  Sa l t .  

The difference between upstream re lease  and downstream discharge, i .e. ,  
s ide  drainage o r  loca l  flow, was determined using procedures described here: 

( a )  d i r e c t  oomputation when upstream and downstream flows were avai lable;  

(b) d i r e c t  computation and adjustment fo r  duration, e.g. if only da i ly  
flows were avai lable ,  peaks were estimated from peak versus l-day 
re la t ionships  determined f o r  t h e  stream; 



(c)  ind i rec t  computation of reservoi r  re leases  using inflow record and 
change i n  s torage (Note: OllVO = IAvG - AS/AT); and 

(dl ind i rec t  computation o f  loca l  flow using corre la t ion  techniques 
between mainstem gaged discharges and/or oorre la t ion  with t r ibu ta ry  
discharges. 

Based upon these techniques, t h e  ensuing annual mxirmm discharges were ranked 
and ordered, and a frequency analys is  was performed upon them, a f t e r  
adjustment of the  length of record f o r  t h e  March 1978 flood. This flood on 
the  intervening drainage was estimated t o  be the  g rea te s t  event s ince  1916 
based upon avai lable  streamflow and prec ip i ta t ion  records. Following t h i s  t h e  
loca l  flow discharge frequency r e s u l t s  f o r  the  S a l t  and Verde Rivers above the  
confluence were coubined t o  provide a consolidated frequency analys is  f o r  
discharges on the  S a l t  River below the  Verde River confluence. The 
combination of the  separate frequency curves was done using jo in t  probabil i ty  
techniques t o  determine the  probabil i ty  of an event, E2, occurring on the  S a l t  
River given an event, El,  occurring on the  Verde River. t u ra t ions  o ther  than 
peak flow were determined and balanced hydrographs were conputed. These 
balanced n-year hydrographs, were then routed d m  the  S a l t  River thru the  
City of Phoenix using Wified Puls  s torage routing t o  determine the  n-year 
discharges a t  various locations. &~ploying a similar technique t o  t h a t  used 
i n  combining the  S a l t  with the  Verde River, Indian Bend Vash discharges were 
combined with S a l t  River d i schagas .  There are no o ther  sources of 
s ign i f i can t  l a t e r a l  inflow t o  the  Salt River because of planned o r  constructed 
Phoenix flood control  projects.  Frequency curves establ ished f o r  loca l  flow 
are presented i n  Appendix I. 

8-05. PROJECT CONDITIONS (STAGE 111). Frequency analyses f o r  pro jec t  
elements a t  t he  S-e I1 leve l  w e r e  based on inflow t o  t h e  proposed system 
coupled with coincident l o c a l  flow from t h e  intervening drainages. Because of 
t h e  la rge  difference between ex i s t ing  conditions discharges and loca l  flows, 
it was first believed t h a t  flows from t h e  intervening drainages would be 
insi&nificant. However, it became apparent t h a t  t h i s  a s s w t i o n  might not  be 
va l id  f o r  frequency discharges under pro jec t  conditions, especia l ly  f o r  
pro jec ts  which provide a high l eve l  of protect ion (SPF), and reduce the 
downstream disc- t o  small target flows (50,000 ofs).  These extreme cases 
have the  effect of raking large releases .ore infrequent. Due t o  t h i s  shift 
in t h e  d i s c h a m  frequenoy o u n e  for projec t  conditions, t h e  local f l o w  
frequency curve becmes r e l a t ive ly  mre i3portant  ( p l a t e  16). S-e I11 
hydrolqly, therefore,  evaluated t h e  @ m o t  of l o c a l  f l o w  on t h e  with projeot  
disoharge frequency. 

a. Projec t  Design. The design f loods (50-year, 100-year, and SPF) were 
expanded t o  include t h e  500-year flood in an attempt t o  optimize t h e  o u t l e t  
and flood pool sizes f o r  t h e  structural a l te rna t ives .  In addi t ion  the New 
Roosevelt-Cliff system was rodesigoed based on eoonolic ana lys i s  of Stage I1 
designs. This infomat ion  indioated t h e  flood cont ro l  system should minimize 
o u t l e t  size and maximize flood pool size t o  provide the  least cost .  The only 
a l t e rna t ives  af fec ted  by these o n o i c  indioators  were those providing SPF 
l eve l  o f  protection. Reregulatory projec ts  were not analyzed t o  provide 500- 
year protect ion due t o  t h e i r  l i a i t e d  size, and were not  subject  t o  reanalysis  



for  economic optimization f o r  the same reason. The s t ruc tu ra l  a l te rna t ives  
carr ied forward t o  Stage I11 were New Roosevelt-Cliff (NRNB) and a large 
confluence s i t e  (ORME). 

( 1  ) 500-year l eve l  of Protection. The upstream a l t e rna t ive ,  NRNB, 
was designed t o  attempt t o  control  the 500-year flood t o  ta rge t  discharges of 
50,000, 100,000, 150,000, and 200,000 c f s  through the City of Phoenix. 
Outlets were r e s t r i c t ed  t o  one-half the t a rge t  discharge a t  both New Roosevelt 
and Cl i f f  t o  minimize s t r u c t u r a l  costs .  However, it was determined during 
computer simulation of the  system t h a t  a 50,000 c f s  t a rge t  was unattainable 
due t o  the  magnitude of contemporaneous inflow below the  flood control 
reservoirs.  This loca l  flow component of the 500-year flood was 90,000 cfs .  
Therefore, a t a rge t  of 90,000 cfs  was selected a s  the minimum at ta inable  
discharge a t  the Salt-Verde confluence (CP-40). The proposed confluence s i t e  
dam (ORME) was not subject  t o  t h i s  r e s t r i c t i o n  i n  t a rge t  discharge since it 
was located below the  Salt-Verde confluence and could be sized t o  regulate 
both upstream and loca l  inflow t o  the desired t a rge t  disoharges. A summary of 
the design s i zes  is provided i n  tab le  24. 

(2) SPF l eve l  of Protection. NRNB was redesigned t o  oontrol the SPF 
t o  the ta rge t  flows of 50, 100, 150, and 200 thousand c f s  a t  the confluence 
while minimizing o u t l e t  s izes .  This was acoomplished thru use of the HEC-5R 
computer program fo r  simulating reservoir  operation a s  previously done during 
Stage 11. However, the  o u t l e t s  ware fixed a t  maximum capacity of one-half the 
downstream target  f o r  each flood control  element (New Roosevelt and Cl i f f )  and 
the flood pools sized accordingly. The resul t ing  redesigns a re  a l s o  shown in  
tab le  24. 

b. Project Condition Frequency Analysis. 

( 1 )  S a l t  River. There were two new or  revised s e t s  of designs 
addressed at  Stage I11 as discussed above - 500-year and SPF l eve l  of 
protection to 50,000 100,000 150,000 and 200,000 cfs .  The project  condition 
discharge frequency curves f o r  the  500-year designs were determined through 
use of balanced hydrographs as i n  Stage 11. The redis t r ibut ion  of storage and 
revised ou t l e t s  fo r  the SPF designs were not expected t o  have any s igni f icant  
impact on the frequency of discharges a t  CP-40. The l eve l  of protection 
( therefore the extent t o  which flows could be control led)  and the target  
remained unchanged. Flows grea ter  than the design flood would involve the 
spillways which would be unchanged. Therefore, project  conditions frequency 
analyses f o r  New Roosevelt-Cliff f o r  the  SPF designs were unchanged from Stage 
11. However, a more detai led invest igat ion incorporating loca l  flow in to  the 
analysis  uaa undertaken and is described below. 

Local Flow. To account f o r  the probabil i ty  of inflow below the proposed 
flood control  reservoirs ,  a methodology was developed based on the four 
scenarios presented below which completely describe the  possible combinations 
of reservoir  re leases  ( o r  s p i l l s )  and loca l  flow. The scenarios developed are 
nutually exclusive and describe the maximum events occurring within each water 
year. Most important, these scenarios allow f o r  completion of the discharge 
frequency analysis  f o r  pro jec t  conditions while d i r ec t ly  u t i l i z i n g  the 
component frequency s tudies  previously developed - l oca l  flow (Stage I) and 
upstream releases or  project  conditions (Stage 11). 



Case 1: % = + QLt where 9 = t he  downstream discharge 
Q,,/, s the  upstream re lease  
QL = t he  loca l  flow 

Case 2: Pula > QL, therefore QD = %/, 
Case 3: QUls = QL, therefore 4 = Q,,/, = Qt 

Csse 4: QUA < QL, therefore 4 = % 
In oase 1 the  upstream release,  s,,, and t h e  loca l  flow, Q , a r e  concurrent, 
therefore addit ive.  However, i n  cases 2 through I), anb Qt a r e  not 
concurrent, therefore they do not cmbine,  and the  downstream peak, QD, is the  
grea ter  of the  two. The discharge frequency ourves f o r  the  project  conditions 
i n  Stage I1 were based upon the  annual aaxinun re lease  o r  s p i l l ,  Q,, , plus 
coincident loca l  flow, Q , which has been defined above a s  oase 1. 'since 
Stage I1 r e s u l t s  includek a l l  annual lax- upstream re leases  o r  s p i l l s ,  and 
QD : a,,/ f o r  both oases 2 and 3, then Stage I1 r e s u l t s  apply t o  not only 
case 1 ,  gut  a l s o  cases 2 and 3. In addit ion the looal  flow frequency ana lys i s  
i n  Stage I was equivalent t o  oase 4. The remaining object ive,  then, was t o  
develop a combined set of frequency curves, which include not only upstream 
s p i l l s  o r  re leases  oombined with any coinoident loca l  inflow (oases 1 through 31, 
but a l s o  loca l  flow alone (case 4) .  

The analys is  t o  deternine the  frequency of upstream releases had been 
approached d i f f e ren t ly  than t o  da temine  t h e  frequency of looal  flow. The 
upstream release frequency curve (Stage 11) was based on adjust- t he  
exis t ing  conditions discharge frequency relat ionship t o  account f o r  pro jec t  
sizes. The loca l  flcu discharge frequency re la t ionship  (Stage I )  was 
developed by ccmbining t h e  Salt River and Verde River looal  flow frequency 
curves analy t ica l ly  (para. 8-04). The periods o f  reoord fo r  exis t ing  
oonditons, looal flow on the  Verde River, and local flow on the  Salt River a r e  
of d i f ferent  lengths. Ow of t h e  recorded streamflow data only would not  
provide an adequate representat ion of the projea t  oonditions frequency 
discharges booauae o f  t h e  d iapnr i ty  in avai lable  reoord length. I n  addi t ion  
t h e  number of alternative projea ts  addressed during Stage I11 required a 
generalized approach whioh oould be modified with eaae f o r  each a l te rna t ive .  
h a u s e  of this and the  f a o t  t h a t  ma1 flow frequenoy f o r  the  Salt River 
below the Verde River had been developed analy t ioa l ly ,  t h e  sue approaoh was 
extended to determine t h e  d i n e d  probabil i ty of disoharges i n  t h e  Salt River 
he la#  the  Verde River f o r  upstream and lwal flow. Is disoussed above, t h e  
adjustaent  f o r  colbined probabil i ty  involved only ca6ea 1 and 4, i.e. 
adjustment of the Stage I1 upstmam projeot  oonditioo frequency curve f o r  
in s t anms  when local flar axoeeda upatream flow, but is not  oontemporaneous. 

The analytical a d j u t a n t  wan aohieved by exaahing two cutraws f o r  
cases 1 and 4. Flrst (referred to hereafter M wdependenta analys is )  it vas 
hypothesized that disohargss with i d e n t i c a l  p robsb i l i t i e s  always occurred 
within t h e  name water year. For instanoe, t h e  200-yr upstmaa flood, i& 
and 200-yr local flood, I+, would wcur in Ule wa water year. Under t X" ese  ' 
ciroumatances t h e  m u a l  rum dovast- flow, 4, would be t he  e m t a r  
d i s c h a r p .  Themfore tbe d i n e d  ourve would be c w s e d  o f  t h e  g rea te r  o f  



t he  upstream and l o c a l  flows. This first extreme represents  the  minimum 
combined frequency curve. An example is shown on p l a t e  16. The reason t h a t  
t h i s  represents  a combined minimum is t h a t  it is very unlikely such a sequence 
of events could occur, and any deviat ion from such a sequence would r e s u l t  i n  
a s e r i e s  of annual maxima which is grea ter  than or  equal t o  the  dependent 
se r i e s .  

The other  extreme, the  combined maximum frequency curve, was 
generated by hypothesizing t h a t  the  upstream events and l o c a l  events were not 
linked by probabi l i ty ,  i.e. they occurred "independentlyn of each other .  In 
such a case the  p robab i l i ty  of a given event occurring downstream, e.g. 
100,000 cfs, is the  sum of  the p robab i l i ty  of el o r  % occurring alone,  
s ince the  probabi l i ty  of t h e  event occurring loca f ly ,  given the  i d e n t i c a l  
event occurring upstream, is zero (based on the  independent hypothesis).  An 
example of the  maximum extreme is a l s o  shown on p l a t e  16. This sequence 
represents  a maximum because the  p robab i l i ty  of these events being unrelated,  
i.e. both occur, but a t  d i f f e r e n t  times is very low. Not only does t h i s  
assumption imply t h a t  both events occur independently, but a l s o  t h a t  the  new 
s e r i e s  contains 2N events f o r  N-years. Obviously some events upstream w i l l  
supplant the  l o c a l  flow i n  the annual maximum s e r i e s  and vice versa. Also, a s  
the  seve r i ty  of storms, and thus  subsequent f loods,  increases  over the  Sa l t -  
Verde drainage, the storms become l a rge r  i n  a r e a l  ex ten t ,  a s  well a s  
in t ens i ty .  Consequently, events  with low probabi l i ty  of occurrence tend t o  
occur during the  same storm, both upstream and l o c a l l y ,  and combine i n  some 
way (CASE 1). Any deviat ion between the  hypothet ical  assumption, complete 
independence, and the  more l i k e l y  occurrence - e i t h e r  water year overlap or 
same flood combination of Quls and 91. w i l l  r e s u l t  i n  a annual maximum 
discharge s e r i e s  and a discharge frequency re l a t ionsh ip ,  which is l e s s  than 
the  maximum. 

Based upon these minimum and maximum frequency re l a t ionsh ips ,  the  
more l i k e l y  occurrence, i.e. a r e l a t ionsh ip  between the  extremes, was 
del ineated t o  be the  f i n a l  with pro jec t  frequency curve f o r  each design 
considered ( p l a t e  16). The p ro jec t  condit ions frequency re l a t ionsh ips  f o r  
NRNB a l t e r n a t i v e s  were determined by combining the  upstream re l ease  frequency 
re l a t ionsh ips  (Stage 11) with the  l o c a l  flow frequency re l a t ionsh ip  (Stage I) 
a t  the S a l t  River below the  Verde River (CP-40). The confluence s i t e  
a l t e r n a t i v e s  would be located near CP-40, and thus  would cont ro l  l o c a l  flow a t  
t h a t  locat ion within t h e i r  flood pool. Therefore, no adjustment was required 
to the  discharge frequency curves f o r  ORME a t  CP-40. However, an adjustment 
was made f o r  discharge frequency r e l a t i o n s h i p s  f o r  ORME designs below Tempe 
Bridge (Indian Bend Wash) i n  an i d e n t i c a l  manner as t o  NRNB a t  CP-40. The 
r e s u l t i n g  curves f o r  Drme a l t e r n a t i v e s  were then routed thru  the  S a l t  River t o  
the  Gila River using pre-established peak discharge r e l a t ionsh ips  between 
various concentration poin ts  within the  reach. Side inflow below Indian Bend 
Wash was considered i n s i g n i f i c a n t  due t o  the  flood cont ro l  s t r u c t u r e s  
constructed or  being b u i l t  i n  the  Phoenix v ic in i ty .  The NRNB frequency curves 
were routed to the  Gila River by combining the  upstream r e l e a s e  frequency 
re l a t ionsh ips  with the  l o c a l  flow frequency r e l a t i o n s h i p  at each poin t  of 
i n t e r e s t .  The upstream and l o c a l  flows were routed separa te ly  because of the  
d i f ference  i n  respect ive  volumes, which r e s u l t s  i n  d i f f e r e n t  degrees of 
at tenuat ion.  Results  a r e  displayed i n  t a b l e  26 and on p l a t e s  18a, 19a, and 
20a. 



(2) Gila River. Discharge frequency curves f o r  p ro jec t  condit ions 
f o r  the  Gila River were determined by adjus t ing  t h e  Gila  River e x i s t i n g  
condit ions frequency curves based on the  d i f ference  i n  discharges between 
S a l t  River p ro jec t  condit ions and e x i s t i n g  condit ions frequency curves. The 
approach taken was t o  consider the  flow i n  the  Gila River below the  confluence 
w i t h  the  S a l t  River (lower Gila ,  CP-1310) as the combination of inflow from 
the  S a l t  River (CP-113) p lus  the  Gila  River above the  S a l t  River (upper Gila): 

- 
'lower Gila  - ' salt  + 'upper Gila 

Then t h e  a c t u a l  p ro jec t  condit ions discharges i n  the  lower Gila,  Q'lo cila, 
would equal the  combination of pro jec t  condit ions discharge f r o m  the  h!t, 
Q ' ~ a l t 3  and flow from the  upper Gila: 

"lower Gila = ' ' sa l t  + 'upper Gila '  

The with and without p ro jec t  equations were subtracted and solved f o r  the  
''lower Gila: 

'lower Gi la  ' Q'lower Gila ' ' salt  ' Q ' ~ a l t *  and 

''lower Gila  ' 'lower Gila  ' A Q ~ a l t p  

*ere ' sal t  r t he  reduction i n  discharge i n  the  S a l t  River above 

the  Gila River (CP-113) under p ro jec t  condit ions.  

This equation served a s  t h e  bas is  f o r  t h e  follow hypothesis - t h a t  t h e  
discharge f o r  a given p robab i l i ty  i n  the  lower Gila under pro jec t  condit ions 
equals  the  discharge f o r  t h a t  same p robab i l i ty  i n  the  lower Gila under 
e x i s t i n g  condit ions minus the  reduction i n  discharge i n  the  S a l t  River f o r  
p ro jec t  condit ions f o r  t h a t  probabi l i ty :  

Q'(Pri)lower Gila  ' Q(Pri)lower Gila ' A Q(Pri)Salt' 

Pri  = given probabi l i ty .  

This  vas done because it was evident from the  ava i l ab le  systematic  and 
h i s t o r i c  discharge records t h a t  most l a r g e  flows i n  the  lower Gila  River 
r e su l t ed  from S a l t  River f loods.  If the  hypothesis proved accura te ,  t he  
determination o f  with p ro jec t  discharge frequency re l a t ionsh ips  f o r  the  lower 
Gi la  River would be g r e a t l y  s impl i f ied .  The p o t e n t i a l  f o r  e r r o r  under t h i p  
hypothesized s i t u a t i o n  inc reases  a s  t h e  S a l t  River target discharge decreases 
and the  l e v e l  o f  pro tec t ion  increases ,  due t o  the  r e s u l t i n g  decrease i n  most 
lower Gila  p ro jec t  condit ion flows, including events  w i t h  infrequent  
recurrence. Because o f  t h i s ,  upper Gi la  flows which were not concurrent w i t h  
Salt River discharges may become the  more severe event f o r  a given water year ,  
o r  cause a s h i f t  i n  sequence (ranking) of annual maxima, t hus  y ie ld ing  r e s u l t s  
which vary from those predicted t h ~ o u g h  use o f  t h e  s impl i f ied  p robab i l i ty  
discharge equation above. 



TO test t h e  a p p l i c a b i l i t y  o f  t h e  equat ion f o r  determinat ion o f  
p r o j e c t  cond i t ion  p r o b a b i l i t y  d i scharges  i n  t h e  lower G i l a ,  a worst  case  was 
examined, a n  SPF des ign  t o  c o n t r o l  t h e  r e l e a s e  t o  50,000 c f s  a t  t h e  Salt-Verde 
confluence.  The e n t i r e  period-of-record annual  maximum series f o r  t h e  S a l t  
River at  CP-113 and t h e  lower Gila River a t  CP-1310 f o r  e x i s t i n g  cond i t ions  
were modified f o r  p r o j e c t  cond i t ions ,  and t h e  r e s u l t s  were compared t o  those  
genera ted by t h e  proposed equat ion.  The outcome was a n e a r l y  i d e n t i o a l  s e r i e s  
of annual maxima, which corroborated use  o f  the equation.  Therefore ,  t h e  
proposed p r o b a b i l i t y  d i scharge  equat ion was used t o  genera te  a n a l y t i c a l  
p r o j e c t  c o n d i t i o n s  d i scharge  frequency r e l a t i o n s h i p s .  A s  shown, a perlod-of- 
record s y s t e m a t i c  adjustment was unnecessary f o r  even t h i s  worst  case .  
Nevertheless,  t h e  l a r g e s t  o f  t h e  sys temat ic  f l o o d s  were a l s o  ad jus ted  t o  
provide a d d i t i o n a l  d a t a ,  and these  r e s u l t s  used i n  conjunct ion wi th  a n a l y t i c a l  
adjustments.  An example o f  t h i s  procedure is shown on p l a t e  17. The 
r e s u l t i n g  p r o j e c t  c o n d i t i o n s  d i scharge  frequency curves  were a combination of 
both t h e  a n a l y t i c a l  and sys temat ic  adjus tments ,  and are shown i n  t a b l e  26, and 
on p l a t e s  lob ,  19b, and 20b. 

8-06. SEASCNAL FREQUENCY. I n  a d d i t i o n  t o  an  a n a l y s i s  o f  annual  maximum 
d i scharges  i n  t h e  reach o f  t h e  Gi la  River between t h e  S a l t  River and Painted 
Rock Dam, an  a n a l y s i s  o f  t h e  p r o b a b i l i t y  of  f lood ing  i n  t h i s  reach on a 
seasona l  b a s i s  was requ i red .  The o v e r a l l  o b j e c t i v e  o f  t h e  seasona l  frequency 
a n a l y s i s  was t o  determine t h e  p r o b a b i l i t y  of inundat ion of  c rops  and ( o r )  
croplands  f o r  va r ious  dura t ions .  The critical term is "inundationn.  To 
provide t h e  informat ion requ i red  t o  determine t h e  dura t ion  o f  inundat ion,  it 
was necessary  t o  determine t h e  magnitude o f  d i scharges  which were equa l l ed  o r  
exceeded f o r  t h e  d u r a t i o n s  of i n t e r e s t .  The d i scharges  t h a t  a r e  equal led  o r  
exceeded f o r  t h e  g iven d u r a t i o n s  w i l l  be r e f e r r e d  t o  as th resho ld  dura t ion  
d i scharges ,  o r  TDD. This type o f  d a t a  d i f f e r s  from ord ina ry  dura t ion  d a t a  
which p r e s e n t s  t h e  "averagen d i scharge  f o r  t h e  dura t ion  ( p l a t e  211, but  does 
no t  p r e s e n t  t h e  t h r e s h o l d  which determines t h e  amount o f  inundat ion f o r  each 
durat ion.  

Note t h a t  t h e  "average" d i scharge  f o r  each d u r a t i o n  is always g r e a t e r  than t h e  
th resho ld  d i scharge ,  u n l e s s  t h e  hydrograph is h o r i z o n t a l  f o r  t h a t  e n t i r e  
dura t ion.  Therefore ,  t h e  r e s u l t s  o f  t h i s  a n a l y s i s  are not volume-frequency 
r e l a t i o n s h i p s  i n  t h e  u s u a l  sense.  

a .  Seasons. For purpose of t h i s  s t u d y ,  t h e  seasons  were def ined from an 
a g r i c u l t u r a l  viewpoint as two "wetw seasons--December through Apr i l ,  and J u l y  
through Saptember--and two "dryn seasons--May through June,  and October 
through November. The seasons  were no t  r i g i d  and could extend forward o r  
backward a c r o s s  t h e  boundar ies ,  and t h e  f l o o d s  were analyized on t h i s  b a s i s .  

(1 )  December through Apri l .  The d a t a  f o r  t h i s  season were 
e s s e n t i a l l y  t h e  saw, as t h a t  genera ted f o r  t h e  peak discharge  frequency 
r e l a t i o n s h i p s  f o r  t h e  Gila River below t h e  Salt River ,  s i n c e  those  f loods  were 
n e a r l y  always win te r  e v e n t s  due t o  s p i l l s  from SRP r e s e r v o i r s  (oocas iona l ly  
augmented by s p i l l s  from Coolidge and Waddell Dam). This  set o f  e x i s t i n g  
c o n d i t i o n s  d i scharges  was a d j u s t e d  t o  exclude even t s  which fe l l  o u t s i d e  t h e  
Dec-April season. The remaining peak d a t a  were ordered and p l o t t e d  on log- 
p r o b a b i l i t y  paper ,  us ing  median p l o t t i n g  p o s i t i o n s .  Since  t h e  d a t a  still f i t  



the  exis t ing  conditions annual frequency curve, the  annual curve was used t o  
represent the  December-April season f o r  return periods grea ter  than f ive  
years. 

(2) )(ay through June. Data f o r  this period imre based on simulated 
Salt River discharge routed to Gila River for  exis t ing  conditions and 
Gil lespie record adjusted to exclude flw from SRP, Coolidge, and Waddell 
Dams. The combined r e s u l t s  were ordered and plot ted as before, and a smooth 
peak discharge frequency curve was f i t  t o  the data. 

(3 )  July through September. Floods occurring i n  the  s w r  "wetw 
season r e s u l t  from both thunderstorms and general s w r  storms. Data a t  
Gil lespie Dam were avai lable s ince 1920; these data were screened to determine 
whether We streamflcu was generated from controlled areas pr io r  t o  reservoir  
construction and adjusted accordingly. There would have bean no s p i l l s  under 
exis t ing  conditions. The data adjusted f o r  exis t ing  conditions were ordered 
and plot ted,  and a smooth f'repuency curve f i t  to the  peak data. 

(4) October Through November. Floods during t h i s  emson typica l ly  
r e s u l t  from l a t e  sumer or  ea r ly  winter general starms. Reservoirs i n  the 
basin a re  ord inar i ly  a t  their lowest seasonal l eve l  due to heavy sumer 
deaands, high evaporation rates, and low inflar; therefore,  most, but not a l l ,  
flow i n  the  riwr stems f r o m  the  areas not controlled by reservoirs ,  e.g., San 
Pedro River. Gil lespie Dam record, adjusted to exclude any oontribution from 
areas  controlled under exis t ing  conditions, was combined with r e s u l t s  of 
simulated SRP, Coolidge, and Waddell s p i l l s  to produce a record in the Gila 
R i v e r  belcu the S a l t  River. The peak curve was estimated in the  aam manner 
as the  tvo preceding seasons. 

b. m a t i o n  of Inundation. To determine the duration o f  inundation, it 
was necessary to determine the thrashold d u r a t i m  discharse. To facilitate 
accomplishment of t h i s  task, it cws decided to proceed in the  following steps:  

(1) es tabl i sh  ordinary volume frequency re la t ionships  f o r  each 
season using the peak curves as guides; the  required durations were peak, 
1-day, 2-day, 3-day, and 6-dm. 

(2 )  generate balanoed hydrographs for the n-year floods f o r  eaah 
-on using the v o l u m e - f r e q u ~ ~ ~ ~ y  data. 

(3) determine fDDvs f o r  the l-day, 2-day, 3 4 a y ,  and 6 4 ,  &tions 
from the  balanced hydmgraphs. 

(4) p lo t  the n-year tDD's and f i t  r ~ o o t h  Curves to the  data, using 
t he  pealc curvea as guides.. 

c. Damgw Diaohargas. It hod beem determiad tbat tbe  am^^ 
discharge in this reach of the Gila River 60,000 cfa. Damsging disoharges 
f o r  various re turn  periods up to 500 years are displayed in tab le  27. P la te  
22 indica tes  the r e s u l t s  for  the  M-April season. 



8-07. SUMMARY Of DISCHARGE FREQUENCY ANALYSIS. 

a. The methods used t o  determine discharge frequency relat ionships varied 
from location-to-location on the  S a l t ,  Verde, and Gila Rivers. Analytical 
procedures presented i n  the Water Resources Council Guidelines (reference 12.)  
were followed wherever possible. However, it was necessary t o  employ 
graphical methods a t  many locat ions due t o  two major fac tors ,  upstream 
control ,  and the  number of zero  discharge years. Expected probability 
adjustments were not made t o  the  frequency curves because analy t ica l  
techniques were not always used. The length of the  streamflow record used in  
t h i s  study was 92 years; hence, there  would be very l i t t l e  difference between 
expected and computed probability.  No confidenoe limits were drawn fo r  the 
graphical curves. Analytical techniques were used t o  develop the  balanced 
hydrographs f o r  the combined coincident inflow t o  Roosevelt and Horseshoe 
Dams, and confidenoe limits a r e  shown i n  t a b l e  28. These limits cannot be 
extended t o  discharges downstream from the  SRP reservoirs ,  however, because of 
the  uncertainty of reservoir  conditions. But ac tua l  short-term operation of 
the  reservoirs  during large flood events would not change the  uncertainty, 
because the  reservoirs  have limited flood control  capabil i ty .  

b. Because of the  long streamflow record, the  completeness of the  
analys is ,  and the  oorraboration of f i n a l  r e s u l t s  with balanced hydrographs and 
natuqal flows, the  frequency analyses i n  t h i s  report  a r e  considered r e l i ab le .  



I X .  SAFETY OF DAMS. 

9.01. OBNERAL. The ~ a f e t y - ~ f d a ~ ~  (SOD) i s sue  arose during Stage I1 when 
both PMF (Corps of Engineers) and IDF (Buret) were determined t o  be 
considerably i n  excess o f  o r ig ina l  design peaks and volumes f o r  SRP 
reservoirs.  The SOD inves t iga t ion  was conducted i n  s e r i e s  with CAWCS 
hydrology by BURBC under t h e i r  dam sa fe ty  program. Although i; was apparent 
from the  outse t  of the  SOD study t h a t  r e s u l t s  oould impact on CAVCS hydrology, 
u n t i l  reconmendations were aade, no measure o f  the  impact could be made. I n  
mid-Stage 111 t h e  BUREC nominated two potent ia l  so lu t ions  t o  the  dam safe ty  
issue: 

(1)  SOD1 - Under t h i s  a l t e r n a t i v e  t h e  gated splllwsy a t  Roosevelt Dam 
( e i the r  a new or  modified s t ruc tu re )  would be W i f i e d  such t h a t  it could 
safe ly  pass 92,000 cfs a t  t he  top of t h e  consewation pool. The ga tes  would 
be operated t o  maintain t h e  NUS u n t i l  inflow exceeded 92,000 cfs, above which , @ 
point the  release would be maintained a t  92,000 Cfs .  The ex i s t ing  three  lower 
reservoi rs  on t h e  S a l t  River would then operate such t h a t  outflow equalled 
inflow up t o  spillway capacity, if t h e  water surface had reached o r  exceeded 
the  NUS. Spillways f o r  the  Verde River Dam, Horseshoe and B a r t l e t t ,  would be 
wdified/enlarged t o  sa fe ly  pass t h e  IDF without overtopping. 

(I 
(2) SOD2 - This a l t e rna t ive  involved suppression o f  the  IDF on both the  

S a l t  River and t h e  Verde River. The modification of Roosevelt and operation 
o f  the  four Salt River reservoi rs  would be ident ica l  t o  t h a t  described f o r  
SOD1. However, the  Verde River modifications involved construction of a new 
dam, C l i f f ,  t o  replace Horseshoe and suppress IDF re leases  s o  t h a t  the  
spillway capaoity of the  exis t ing  downstream s t m c t u r e ,  B a r t l e t t  Dm, would 
not be exceeded. The new dam would have a conservation pool equivalent t o  
t h a t  of its predeoessor, and a perched spillway. Releases would be made th ru  
a gated o u t l e t ,  when t h e  s tored  water reached the  NUS, t o  maintain t h a t  
elevat ion u n t i l  inflow exceeded o u t l e t  capacity. Flow i n  excess of the  
surcharge pool would be released over an emergenoy spillway. Bartlett Dam 
would re lease  outflow equal t o  inflow above t h e  ex i s t ing  NUS. 

The proposed SOD solu t ions  were then inooFporated i n t o  CAVCS hydrology t o  
determine t h e i r  effect upon disohaFge frequency. me SOD and SOD;, 
a l t e rna t ives  were analmed on a s t a n d a l o n e  bas is ,  as we1 1 as i n  combination 
with CAWS flood coat ro l  al ter tmtives.  These combined analyses were performed 
f o r  SOD as first-added and bet-added components. The procedure o m  be 
summarized as follows: 

F i r s t  Added- The e f f e o t  of SOD on existing conditions frequency 
analayais is evaluated a s  a stand-alone a l t e rna t ive ,  and then evaluated in 
combination with CAWCS flood control .  

Last Added - The e f feo t  of CAVCS flood oontrol was evaluated s ingly ,  
and then i n  oombination with SOD spillway fixes. 

Thus the re  a r e  four possible adjustments t o  the  exis t ing  oonditiona frequency 
analys is ,  SOD, SOD + CAVCS, CAWCS, CILYCS+SOD. It is apparent t h a t  SODcCAWCS 
is equivalent t o  CAVCS+SOD f r a  t h e  hydrologic viewpoint. CAWCS flood oontrol 



was described i n  sec t ion  8. It remained, then,  t o  evalua te  SOD alone and i n  
conjunction with CAWCS flood control .  A t  t he  time SOD recommendations were 
made t h e  only remaining CAWCS flood con t ro l  plans were NRNB or ORME t o  cont ro l  
the  SPF t o  50,000 c f s  a t  t h e  Salt-Verde confluence, and Reregulation. How SOD 
alone ,  and SOD p lus  the  remaining CAWCS a l t e r n a t i v e s ,  a f f e c t  discharge 
frequency ana lys i s  is discussed below. 

a.  1 s t  Added. The period-of-record inflows t o  the  SRP rese rvo i r s  were 
examined t o  determine the  e f f e c t  o f  spillway modification and SOD operat ion.  
The conservation space f o r  the  s i x  SRP rese rvo i r s  remained the  same a s  f o r  
e x i s t i n g  conditions. Therefore, t he  system s p i l l e d  a t  t he  same times and i n  
the  same volumes. Also, because peak flows on the  Verde River did not exceed 
the  spi l lway capaci ty of Horseshoe o r  B a r t l e t t  Dams, the  ac tua l  spi l lway 
operat ions f o r  Verde under SODl were unchanged. Therefore, the  only 
adjustment made t o  outflows was due t o  suppression t o  92,000 c f s  a t  
Roosevelt. The operat ion with the  modified spi l lway resul ted  i n  an increase 
i n  p robab i l i ty  discharges from e x i s t i n g  condit ions between 10-yr and 150-yr 
recurrence periods due t o  the  improved hydraulic  c h a r a c t e r i s t i c s  of the  new o r  
modified Roosevelt spillway. Beyond t h i s  range, suppression of inflow t o  
92,000 c f s  r e su l t ed  i n  a decrease i n  p robab i l i ty  discharges ( p l a t e  23).  The 
a c t u a l  p robab i l i ty  ana lys i s  was performed i n  an i d e n t i c a l  manner t o  t h a t  used 
f o r  e x i s t i n g  condi t ions ,  based on the  "adjustedw period-of-record annual 
maxima. A s u m r y  o f  frequency discharges f o r  the  SODl f i x  is included i n  
t a b l e  26. 

b. Last Added. A t  t he  time t h a t  t h i s  approach was t o  be considered, 
CAWCS planners  detemined t h a t  the  SOD1 a l t e r n a t i v e  was i n f e r i o r  t o  SOD2, and 
would not  be s tudied f u r t h e r .  

a. 1 s t  Added. Exist ing condit ions r e s u l t s  were modified i n  the  same 
manner as under SOD1. For t h i s  a l t e r n a t i v e ,  though, inflows a t  both New or  
modified Roosevelt and Cl i f f  were suppressed. The cumulative e f f e c t  of t h i s  
suppression resul ted  i n  a reduction i n  p robab i l i ty  discharges throughout the  
frequency range, e spec ia l ly  f o r  events  with recurrence i n t e r v a l s  g rea te r  than 
10-years ( t a b l e  26 and p l a t e  24). A comparison between SOD1 and SOD2 is shown 
on p l a t e  25. 

b. Last Added. 

(1)  NRNB. The r e s u l t s  o f  the  frequency ana lys i s  described i n  
sec t ion  8 f o r  the  New Roosevelt - C l i f f  combination cont ro l l ing  the  SPF t o  
50,000 c f s  a t  t he  confluence were readdressed f o r  SOD2. Since the  changes 
only a f f e c t  spi l lway flow, 1.e. inflows g r e a t e r  than the  design f lood,  SPF, 
the  only por t ion  o f  t h e  frequency curve which had t o  be adjusted was the  range 
above the  design probabi l i ty .  A s  before,  balanced hydrographs were employed 
s ince  a l l  recorded inflows were l e s s  than the  design flood. Suppression of 
inflow a t  both New Roosevelt and C l i f f  reduced discharges a t  CP-40 f o r  
recurrence i n t e r v a l s  greater than 100 years  as shown on p l a t e  26a. Local flow 



was incorporated in to  the analysis using p r o c e d w s  ident ioal  to those in the 
project  oonditiona analysis, and the results were routed to the Gila River 
below the Sa l t  River (pla te  26b). A. sumary of frequency discharges is 
included in table  26. 

(2) OWE. For the domatream CAYCS flood control a l ternat ive 
(ORHE), the SOD2 fix resulted i n  a s e r i e s  adjustment to probability 
discharges. For t h i s  case, not only Here outflows modified, but inflows as 
well. Period-of-reoord inflows to O m  were al tered since it is downstream 
of the S a 2  fix. m e  01me flood control  space and spillway charaoterist ios 
then further Feduced inflow. The degree of modification result ing f r o m  SOD2 
was determined by simulating the outflow from SRP reservoirs with SOD2 for  
balanced hydrographs greater  than the design flood, and performing a 
subsequent flood c o n t ~ o l  operation upon these upstream releases at ORME. 
Downstream local  flows were combined with ORHE releases in the same manner 
a s  i n  section 8,  and subsequently routed to the Gila River below the Sa l t  
River. The results are supmarized i n  table  26 and compared on plates  27, and 
28. In addition the NRNB and ORME al ternat ives  with SOD2 are  compared on 
p la te  29. 

9-04. REREGULATION. SOD1 and SOD2 were a lso  studied in conjunction with 
reregulation of SRP facilities to achieve control of the SPF. The resu l t s  of 
the  frequency analyses for  SODl and SOD2 were ident ical  since a flood control 
ou t le t  w i t h  95,000 c i s  capacity uas required a t  C l i f f  (SOD2) to prevent 
surcharge in to  the SOD pool. Ihe operation of t h i s  ou t le t  effectively 
rescinded suppression a t  C l i f f .  (During reregulation design operations a t  
e i ther  Horseshoe (Sml)  or Cli f f  (SOD ) it became neoessary to pass a 
95,000 c f s  peak discharge, thereby &ing SODl and SOD;! equivalent when i n  a 
reregulation context.) 

a. DESIGN SIZING. 

(1) 90,000 cfa  T a r g e t .  The maxirun control  possible for SPF 
protection w a s  d e s i d .  This uas achieved by assuming Boosevelt IIam could 
store a l l  the SPP component inflou (naxi.un available space about 1.4 million 
acre-feet which is greater than SPF oomponent volume) and minimlsing release 
from the Verde. ¶be resul t iog dlaoharge, 90,000 o i e  at the Salt-Varda 
oonfluenoe, was thm established as the d a m  target  discharge. SiZing was 
achieved by allocating various bids of  conservation apace to flood oontrol 
along with appmpriate out le ts ,  and simulatiag a flood control operation using 
HEC-5R. Several a l ternat ives  were possible, but an optimum s i z e  uas decided 
upon by r e su l t s  of previous economic analyses. Results are included in 
t ab l e  25. 

(2) 150,000 ofa Target. b o t h e r  tarwt dfsoharge, 150,000 cfs, was 
suggested by CAWS planners. Sinoe this flai uas greater  than the ltnm 
achievable, a solution was sought direatly.  b i t e r a t i ve  approaoh, as In the 
la t tm phase of the 90,000 of i  target, was used. Des&o sizes for this target  
are a lso  displayed i n  tab le  25. 

b. D I S W G E  PREpUINCI. The f ina l  designs vsre inoorporated In to  a 
aamputaF s t m l a t i o n  model ui'th SOD or SOD2 fix- (they w e m  q u i d m t  due to 
the out le t  chnnge at C l i f f ,  1.0. d D 2 ,  fo r  reregulation of SPP) . b during 



previous s tudies ,  t he  e f fec t  of Roosevelt suppression would only be evident 
fo r  spillway flow, i.e. floods grea ter  than the  design. To evaluate t h i s  
e f f ec t ,  Balanced Hydrographs of inflows grea ter  than o r  equal t o  the  200-year 
flood were u t i l i z e d  i n  conjunction with the  computer simulation model. Local 
inflow was again accounted f o r  in  the  manner described under sect ion eight  and 
the  r e s u l t s  routed t o  t h e  Gila River below the  S a l t  River. Results a r e  shown 
i n  t ab le  26, and on p la t e s  30 and 31. 



X. UPSTREAM FLOOD CONTROL WITH REGULATORY 
STORAOE AT THE CONFLUENCE. 

10-01. (IBNERAL. One of the  remaining CAWCS flood control  a l t e rna t ives  during 
the  latter phase of Stage I11 was upstream protection (NRNB, o r  New Rcosevelt- 
C l i f f )  along with a snrall confluence s t ruc tu re  which would be b u i l t  f o r  
regulatory s torage of Central Arizona Project (CAP) water. The NRNB 
a l te rna t ive  was intended t o  control  the  SPF t o  a 50,000 c f s  t a rge t  a t  t he  
Salt-Verde confluence. It was f e l t  t h a t  t he  existenoe of a confluence 
s t ~ c t u r e  could reduce loca l  flow peaks a s  well a s  at tenuate upstream flood 
control  releases. 

10-02. DISCHARGE FREQUENCY ANALYSIS. Releases f o r  the  e n t i r e  range of 
probabil i ty  from NRNB combined with loca l  inflow t o  the  confluence s t ruc tu re  
were routed over the  proposed confluence dam spillway t o  determine peak 
releases. In addit ion non-coincident loca l  flows were combined on a 
probabil i ty  basis i n  a s imi lar  mnnner as described i n  para. 8-05. The Central 
Arizona Project (CAP) regulation pool was assumed t o  be f u l l  during these 
s tudies ,  although t h i s  s i t u a t i o n  is a worst case. A refined analys is  would 
r e s u l t  i n  probabil i ty  disoharges which were less than o r  equal t o  those in 
tab le  26 and p la t e  32. An operation plan would be necessary, however, t o  make 
such refinements. I n  the  name m e r  described i n  para. 8-05, releases from 
the  regulatory s t m c t u r e  were combined with loca l  inflow a t  locat ions of 
i n t e r e s t  along the  S a l t  River and routed t o  t h e  Gila River below the  Salt 
River. The r e s u l t s  of t h i s  analys is ,  meanwhile, provide a reasonably accurate 
representation of discharge frequency below a regulatory confluence s t ruc tu re  
wi th  upstream flood control .  



X I .  FLOOD CONTROL OPERATION CRITERIA 

11-01. GENERAL. Cr i t e r i a  by which the  proposed CAWCS flood control 
reservoirs  should be operated a re  presented herein. These c r i t e r i a  were 
developed based on the algorithm i n  the  HEC-5 computer simulation model which 
was used t o  s i z e  the storage-cutlet requirements f o r  the proposed flood 
control systems. The object ives of these c r i t e r i a  are t o  prevent downstream 
flooding by l imit ing flow a t  the Salt-Verde confluence t o  a pre-established 
target  discharge, and t o  simultaneously keep the flood control  system i n  
"balancen. Balance i n  t h i s  context represents the  s t a t e  i n  which the r e l a t ive  
flood control  space avai lable at each flood control  dam is equal. The 
c r i t e r i a  discussed within generally apply t o  the dual system, NRNB, and the 
mono-system, ORME. I n  the case of the  s ingle  flood control reservoir  system, 
balance is nei ther  a problem nor an objective; the only objective in  t h i s  type 
of system is control l ing t o t a l  inflow, SRP releases plus loca l  flow, t o  the 
ta rge t  discharge. 

Preliminary flood oontrol operation c r i t e r i a  were established fo r  
operation during an ac tua l  flood event and fo r  yearly f luctuat ion i n  dedicated 
flood control  storage al locat ions.  A de ta i led  analysis  of seasonal flood 
control requirements is being undertaken f o r  proposed projec ts  w i t h i n  the  
ongoing 1982 CAWCS hydrology. 

11-02. FLOOD EVENT OPERATION. 

a .  Total Release from a Reservoir o r  Reservoir System. 

1. I f  the water surface (WS) 7 normal water surface (NWS) or  bottom 

of flood pool, then 

flood control  release (FCRi) = 0. 

2. I f  WS 2- NWS, and 

t o t a l  reservoir  inflow ( X I l l*  + l oca l  flow (QL) a t  the ta rge t  

locat ion C ta rge t  discharge (QT) ,  then 

t o t a l  flow a t  the ta rge t  

locat ion = Z Ii+QL i n  which 

ZFCRi=ZIi fo r  NRNB, o r  

FCR =XIi+ QL f o r  ORME 

3. I f  WS > NWS, and 

'Ii* + > QT, then 

XFCRi=QT-QL f o r  NRNB, o r  

FCR = QT f o r  ORME. 



b. Specific Outflow fim a Reservoir Systm (NRNB) 

1. Combined flood control release = to ta l  flood oontrol release, 

'If a l l  reservoirs do not have YS NUS, then Ii is only the 
inflow t o  the reservoirs i n  which t h i s  is true. 

2. Case a.2. above, 

FCRi s Individual Inflow, Ii* 

3. Case a.3. above, 

Individual flood control releases are  made frm a dual flood oontrol 
reservoir system based on the individual flood control spaoe available, the 
total  flood control space available, and the to t a l  flood control system 
release allowed a t  the time period considered. 

The to t a l  flood oontrol release from the system is determined, as outlined 
in  a.3 above, baaed on to t a l  reservoir inflow plus local flow, t o  inaure that 
the target disoharge is not exceeded a t  the target control point. The sum of 
the individual flood control releases is equal t o  the to t a l  flood control 
release. 

After determination pf the to ta l  flood oontrol release, that  amount is 
apportioned between the reserovirs baaed on the relative proportion of 
individual available flood control space t o  individual to ta l  flood oontrol 
space, so that  the reservoir wi th  l e s s  relative available space d r e s  the 
greater release. An attaopt is mde t o  balance the relative available flood 
control space between the rewrvoirs. 

Examole. A t  the end of tim period 10 the water surfaoe at both 
reservoirs 1 and 2 is above the WYS. Inflows are 50,000 and 30,000 cis t o  the 
respective reservoirs such that  t o t a l  reservoir inflow equals 80,000 cfs. 
Local flow a t  the target location bas been d e t d n e d  t o  be 10,000 cis. Sinoe 
the to t a l  reservoir inflow plus looal flow equals 90,000, -oh exceeds the 
target discharge of 50,000 cis, then the to t a l  flood wn t ro l  release equals 
the target discharge minus  the looal flow. o r  40,000 cfs. 

The to t a l  available flood oontrol space in the hypotbetioal system when 
empty is 750,000 ao-ft. Reservoir 1 o m  hold 500,000 ao-ft, while reservoir 2 
.can store 250,000 ac-ft i n  t he i r  respective flood control pools. A t  the  end 
of period 10 only 500,000 ao-ft is available in the ent i re  sys tm 
(500,000/750,000=66.7$ Available). An attcrqt is then mde t o  apportion flood 
control releaties so that  t h i s  pementage of available s p o e  is wbalanced" 
between the reservoirs. 



Reservoir 1 (maximum capacity = 500,000 ac-f t )  has 400,000 ac-f t  
ava i lab le ,  while reservoi r  2 (maximum capacity = 250,000 ac - f t )  has only 
100,000 ac-ft of ava i lab le  space. The r e l a t i v e  amounts of avai lable  flood 
cont ro l  s torage a r e  then 80% and 40% respect ively f o r  reservoi rs  1 and 2. 
Since t h e  t o t a l  r e l a t i v e  ava i lab le  space i s  6'75, reservoi r  2 (40% avai lab le)  
re leases  more water than reservoi r  1 (80% avai lab le)  i n  an attempt t o  achieve 
a proportional balance (67%) i n  each. The re leases  from reservoi rs  1 and 2 
a re  prorated according t o  reservoi r  s i z e  and r e l a t i v e  space; reservoir  1 
release is equal t o  t h e  inverse proportion of  r e l a t i v e  space (40%/80%) times 
the  inverse proportion of t o t a l  space (250,000 ac-ft/500,000 ac-f t )  times the 
re lease  from reservoi r  2 ,  s o  t h a t  t h e  combined re leases  (FCR1 + FCR2) equal 
the  predetermined 40,000 cfs. Therefore, re lease  from reservoi r  2 equals 4 
times the  re lease  f o r  reservoir  1 ,  i.e. reservoi r  1 re lease  equals 8,000 c f s  
and reservoi r  2 re lease  equals 32,000 cfs .  However, the  re leases  would be 
constrained by o u t l e t  capacity, s o  t h a t  i f  t h e  maximum o u t l e t  capacity a t  
reservoi r  2 were only 25,000 c f s ,  t h e  releases from reservoi rs  1 and 2 would 
be 15,000 and 25,000 c f s  respectively. I n  addi t ion  smoothness of operation t o  
prevent excessive ga te  changes might cause deviation from computed releases.  
The operation prescribed i s  based on hourly adjustments t o  reservoir  
release.  

FCRi z re lease  from reservoi r  

ZFCRi = t o t a l  re lease ,  

SAi = space ava i lab le  a t  reservoi r  i, 

ZSAi = t o t a l  space ava i lab le ,  

SMAXi = flood pool a t  reservoi r  i ,  

zSMAXi = t o t a l  flood pool, 

% SAi = % space ava i lab le  a t  reservoi r  

% ZSAi = t o t a l  J space ava i lab le ,  where 

% ZSAi : Z S A , ,  and 
2SMAXi 

5 A = then 



'For t h i s  axample, 

.FIXl + FCR2 = 40,000 c i s ,  and 

PCR2 32,000 ofs .  

11-03. XEAELY FLOOD m R O L  OPERATION. 

The purpose oY the  yearly flood aont ro l  operation is to maintain l~aximum 
flood control storage during the  o r i t i o a l  fload produaing months of December, 
January, F e b ~ a r y ,  and Maroh, and t o  gain addi t ional  water storege during the  
remaining spring and su-r runoff period. In other words, yearly flood 
cont ro l  operations are establ ished such that the  storage space s e t  as ide  f o r  
flood con tml  can be used for mom than one purpose. 

The yearly operation or the  flood oontrol  pool v w l d  vary depending on the 
t h e  of year pad on design o r i t a r i a .  Uaxiarm flood o o n t m l  space would be 
maintained during tbe  months of Dsaember, January, February, and llarch and 
addit ional  comervation spa- would be avai lable  durirrg the  months o f  April  
through Sapteabar. The t r a ~ i t l o n  period for maovering flood aon t ro l  spaoe 
was aeleated .I, 1 Ootober to 1 December. Flood a o n t m l  spa- (ainus 200,000 
ao-ft/100,000 on both S a l t  and Verde proposed veaarvoirs) would be oonverted 
to water conaarvation space bwinning 1 April  and extending through 
September. Theso t r ans i t ion  months were o w e n  b.aauw only one Nwember 
s p i l l  and three  April s p i l l s  would bars ooourred under exis t ing  conditions 
during the  period-of-moord. To elininate shared storage during these months 
would eliminate m y  s h a r d  pool benefit. 

Duringttm October to i k o ~ r t r u l s i t i o r r ~ r i d , r e r n m i r w a t e r  levela 
would be lowered in order to toohleva .arimm n o o d  ooatlol @paw. W i n g  t h e  
April to October t r ans i t ion  period, flood oontrol  relearns would be decreased 
OF stopped, thua permitting water levels to rlea i n  the  mservo i r  to t h e  
maximum e l w a t i o n  f o r  that date. %is type of operation wwld allow Por 
additonal water storage during the  31 Marah to 1 De-F period. 
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TABLE 1 

STRUCTURES WHICH AFFECT RUNOFF 

Reservoir Capacity 

Conservation 
Effect ive storage a t  A t  top 

D.A. top of ga tes  of dam Year of 
Dam - Stream (sq. mi.) (ac- f t )  (ac-f t )  c losure 

Roosevelt S a l t  R. 

Horse Mesa S a l t  R. 

Mormon F la t  S a l t  R .  

StewartMtn. S a l t R .  

Horseshoe Verde R. 

B a r t l e t t  Verde R .  

Coolidge Gila R. 

Waddell Agua F r i a  

Other s t ruc tu res  tha t  control  runoff: ( Ins igni f icant  e f f ec t  on S a l t  R and/or 

Gila River discharges) 

Whitlow Ranch Dam 

Cave Buttes Dam 

Tat Momolikot Dam 

Central Arizona Projec t  

Arizona Canal Diversion Chamel 

Indian Bend Wash 

Paradise Valley Detention Dike 



TABLE 2 

PROJECT CONDITIONS, ELEMENTS, AND COmINATIONS 

Elenm ts Combinations 

1 .  Structural 

New Roosevelt = IIR 

New Horseshoe = NH 

New Bartlett : NB 

Cliff = NB 

Confluence = ORI.IE 

2. Reregvlation 

Roosevelt = R 

Hcrseshoe = H 

Bartlett = B 

Now: Flood control deaign at Cliff = Flood oontrol design at New Bartlett. 



Dam - 

Horseshoe 

Bartlett  

Roosevelt 

TABLE 3 

REREGULATION 

WATER SURFACE ELEVATIONS ASSOCIATED 

WITH VARIOUS AMOUNTS OF FLOOD CONTROL SPACE 

Space 
Dedicated 

(Ac-ft) 
Elevation 

( f t )  Feature 

NWS* 

Spillway Crest 

Maximum F . C .  

NWs* 

Spillway Crest 

Maximum F . C .  

Spillway Crest 

* 
NWS-N m a 1  Water Surf ace 



-. . , 

L 

I 

I 
TABLE 4 

a)MPARIS(H OF ROODS OF RECORD 

SIMULATED VS. NATURAL RESULTS 

SALT RIVER B ~ O W  CONFLUENCE n m  VERDE RIVER (CP 40) 
@ 

Simulated existing Flow that would have 
Water conditions flow ocourred without reservoirs 
Year %nth (cfs)  (0Ps) 

b 

1891 Fe b 271,000 300, OOoa 

1905 A P ~  113,000 115,000~ 

1906 Nov 134,000 220,000~ a 
1916 Jan 145,000 164,000~ 

1920 Fe b 138,000 155,000~ 

1927 Feb 82,000 123,000~ b 
1932 Fe b 86,000 117,000~ 

1938 Mar 77,000 115,000~ 

1941 nar 132,000 170, OOoa 6 
1966 Deo 47,000 8 5 , 0 0 0 ~ ' ~  

1978 Mar 119,000 260, OOO* 

1979 Deo 157,000 235,000~ 

1980 Fe b 201,000 24 1 , OOob 
& 

a IsGS 

b W E  
6 

c This value is Pa. the 31 Dee. peak; the peak uhioh would 

have ocourred without reservoirs Par tho previous flood, 

23 Dec, ms 117,000 cis. 

b 

b 



TABLE 5 

6-Hr 
Period 

SAMPLE EFFECTIVE RAINFALL COMPUTATION FOR SPF 

Incre- Accumu- % .35 x Accumu- 
mental l a t i v e  Accum. 5 Accum. l a t i v e  

incident incidental  incidental  incidental  e f f e c t i v e  
r a i n f a l l  r a i n f a l l  r a i n f a l l  r a i n f a l l  r a i n f a l l  

( i n . )  ( i n . )  ( i n . )  

Incre- 
mental 

e f f e c t i v e  
r a i n f a l l  

( i n . )  



Subarea 
No. 

TABLE 6 

UNIT GRAPH PARAMElFRS 

G I L A  RIVER BASM 

D.A. L Lca SLOPE Bn 
(sq. mi.) (mi.) (mi.) (ft./mi.) value S-Graph 

A r e a  above Y h i t l o w  Ran& Dam 

Over 1,500 sq. mi. 

Over 1,500 sq . mi. 

Over 1,500 sq. m i .  

Over 1,500 sq. mi. 

Over 1,500 sq. m i .  

Over 1,500 sq. mi. 

Over 1,500 sq. mi. 

Ihder 1,500 sq. mi. 

Negligible contributing area--SCS s t rw tu re s  control f l o w  

1,459 73 39 65 0.045 Phoenix H t n .  

Area abwe MMicken Dam (ass& to be rabuil t)  

Area above Maw  rive^ Dam (aasraed to be oonstru?ted) 

Ama abwe Adobe Dan (assumed to be aompleted) 

540 52 27 20 0.031 Phoenix Valley 

760 62 P 40 0.047 Phoenix Valley ' 

1,450 105 47 65 0.047 Under 1,500sq.mi. 

1 ,990 107 37 40 0.047 OPer1,500aq..i. 

1,195 54 24 45 0.047 Under 1,500 sq. li. 



TABLE 7 

UNIT GRAPH PARAMETERS 

SALT RIVER BASIN 

Subarea D. A. L Lca SLOPE Bn 
No. (3s. mi.) (mi.) (mi.) f t .  va lue  S-Graph 

Over 1,500 sq. m i .  

Phoenix Mtn. 

Phoenix Mtn. 

Phoenix Mtn. 

Phoenix Mtn. 

Phoenix Mtn. 

Over 1,500 sq. m i .  

Phoenix Mtn . 
Phoenix Mtn. 

Phoenix Mtn. 

Phoenix Mtn. 

Phoenix Valley 

Phoenix Valley 

11 82 8 5 5 0.030 Phoenix Valley 
b 

12 49 6 4 5 0.030 Phoenix Valley 

T o t a l  D.A. = 72,962 sq. mi. 



9 

TABLE 8 
9 

PUIS RWTMO (DT = I HR) 

SALT RIVER PROJECT SYSTEM 
9 

Storage (ac.-ft.) i n  Channel Reaches 

Stewart Mtn to Tangle Ck to Horseshoe to Bartlett to 
Granite Reef Hwssshm Bartlett Granite Rwf 
CP 4 - 8  8 6 50-8 5 CP 5-CP 6 CP 6 - 8  8 9 

D i s c h a r g e  Reach 
(of.9) Length 12.0 mi. 5.0 mi. 20.5 mi. 26.9 mi. 

0 0 0 0 0 
9 

1,000 405 200 845 1,210 

5,000 1,350 700 2,800 3,540 

10,000 2,270 1,200 4,600 59700 

20,000 3,850 1,900 7,700 9.780 

30,000 5,240 2,400 9,930 139000 

40,000 6,550 3 9 030 12,400 16,300 9 
50,000 7,860 3,500 14,000 18,900 

60,000 9,020 3,900 16,000 22,200 

70.000 10,190 4,300 17,700 24,800 9 
80, OW 11,200 4,750 19,400 27.700 

90,000 12,400 59100 20.900 30,300 

100,ow 13,500 5,460 22,400 9,600 b 
150,000 18.900 6,970 28.600 45.700 

200,000 23,300 8,340 339800 58,700 

3W9000 9,- 12,500 50 ,700 105,700 9 
400,000 68,500 17,600 739000 172,000 

9 



TABLE 9 

PUJS ROUTING (DT=l HR) 
LOWGR SALT RIVER (BELOW VERDE RIVER CONFLUENCE) 

Storage (ac-ft) and Percolation Loss (cfs)  
i n  Channel Reaches 

Granite Gilbert  Temca Central 67th AVD~IJP . -~. .. -- - .  -- 
Reef t o  Road t o  ~ r i d g e  t o  Avenue t o  to above 
Gilbert Tempe Central 67th Gila River 

Road Bridge Avenue Avenue Confluence 

CPB-CP 109 CP109-~P110 CPIIO-CPII 
Discharge Reach 

cp111-CP112 CP112-I2113 

( c ~ s )  Length 6.4 mi. 16.3 m i .  7.7 mi. 7.7 mi. 4.6 m i .  

0(') Storage 3,500 4,900 4,100 4,200 2,500 
Percolation 445 1,180 750 680 320 

50,000 Storage 11,100 24,500 13,200 9,400 6,900 
Percolation 445 1,180 750 680 320 

100,000 Storage 
Percolation 

150,000 Storage 
Percolation 

200,000 Storage 
Percolation 

250,000 Storage 
Percolation 

300,000 Storage 
Percolation 

9 400,000 Storage 69 ,OO?,) 100,000(~) 90 ,000(~)  66 , o o o ( ~ )  31,500'~) 
Percolation 755 2 ,510 '~)  1,480(*) 2 , 4 6 0 ( ~ )  l , 0 5 0 ( ~ )  

( ' ' ~ o d e l  in terpola tes  between 0 and 50,000 cfs .  Storage/percolation values for  a discharge = 0 a r e  
used t o  account f o r  high i n i t i a l  i n f i l t r a t i o n  as well a s  gravel p i t s  with avai lable storage below 
channel inver t .  

( 2 ) ~ x t r a p o l a t e d  value. 



TABLE 10 

PULS ROUTING (M.6 HR) 

UPPER GILA RIVER (PROM SAN FRANCISCO RIVER CONFLUENCE TO COOLIDGE DAM) 

Storage (ac.-ft.) and Peroolation Loss (cis)  
i n  Channel Reaohea 

San Francisco San Simon Ck. From Midway t o  
River Confl t o  Confl t o  Midway Coolidge &I 

San Simon Ck. t o  Coolidge Dam 

Disohwge Rmoh 
(ofs) Length 35.2 m i .  28.9 mi .  

0(1) Storage 
Pemolation 

50,000 Storage 17,100 20,200 
Pemolation 1,000 1,400 

100,000 Storage 34,200 40,400 
Peroolation 1,000 1,400 

150,000 Storage 51,400 
Pernolation 1,000 

200,000 Storage 67,900 
Permlation 1,000 

29.5 m i .  

(1)No storage/percolation for zero discharge since river I s  perrenial within these reaches. 



TABLE 10 (Continued) 

PULS ROUTING (DT=6 HR) 
UPPER GILA RIVER (FROH COOLIDGE DM TO SALT R. COWL.) 

Storage (ac-Pt) and Percolation LOSS 
i n  Channel Reaches 

Coolidge Buttes to From Midway Santa Cruz 
Dam t o  From Mid- Midway t o  Santa to Santa River Confl 

Midway t o  way t o  Cruz River Cruz River t o  Sa l t  
Buttes Buttes Conf 1 Confl River Confl 

CP1204 - CP12051 CP12051 - CP1205 CP1205 - CP12101 CP12101 - 81210 CP1210 - CP1310 
Discharge Reach 

(cfs)  L=X%m 24.7 mi. 24.7 m i .  45.0 mi. 45.0 mi. 12.1 m l .  

0(1) storage o 
Percolation 112 

20,000 Storage 7,000 
Percolation 112 

60,000 Storage 15,800 
Percolation 126 

100,000 Storage 23,300 
Percolation 133 

300,000 Storage 62,000 100,000 360,000 228,000 220,000 
Percolation 177 490 3,350 3,260 3,830 

( ' )~on-zero percolation used i n  these reaches t o  account for high i n i t i a l  i n f i l t r a t i o n  since flow is intermittent.  
No storage a t  zero discharge. 



TABLE 11 

PULS ROUTINQ (DT.6 HR) 
LOWER GILA RIVER (BELOW WNn W I T H  SALT RIVER) 

Storage (ac-ft) and Percolation Loss (cfs) 
i n  Channel Reaches 

Waterman W. Gillesvie 
Salt Ricnr t o  Hassayampa to Uidvay From Midway 
Confl to Hassayampa River t o  t o  Painted t o  Painted 

V a t a m  W. River Gillespie Rock Rock 

CP113 - 81216 CP1216 - CP1217 CP1217 - CP1218 CP1218 - CP12191 812191 - cP1219 
Disobrrgo Reaoh 

(0-1 L W t h  15.8 m i .  26.1 mi. 8.5 mi. 15.3 m i .  15.3 mi. 

o(1) S t o r y .  0 0 0 0 0 
Proolat ion 660 830 330 1,000 1,290 

50,000 S t o r y .  38,000 42,300 8,750 35,000 42,600 
P w o l a t i o n  660 830 330 1.000 1,290 

(l)~on-zero pwoolation u8.d i n  the- reaohes to  account for high i n i t i a l  inf i l t ra t ion since flow is intermittent. 
No storage a t  zero dlsohargaa. 



Subarea 
No. 

TABLE 12 

STANDARD PROJECT STORM RAINFALL 

SALT RIVER BASIN 

Salt-Verde Confluence SPS 
Total Total 

Incident Effective 
Rainfall  Rainfall  

( i n . )  ( i n . )  

Painted Rook SPS 
Total Total 

Incident Effective 
Rainfall Rainfall 

( i n . )  ( i n . )  



Subarea 
No. 

TABLE 13 

STANDAIlD PROJECT STOW RAINFALL 

GILA RI71ER BASIN 

Painted Rock SPS 
Total Total . 

Incident 
Rainfall 

Effective 
Rainfall -~ 

( in . )  ( i n . )  



TABLE 14 

STANDARD PROJECT ~ O O D  

PEAK DISCHARGES 

EXISTING CONDITIONS 

Location 

S a l t  River a t :  

CP 40 - Below confl.  w/Verde River 

CP 109 - Gi lbe r t  Road 

CP 110 - Tempe Bridge 

CP I l l  - Central  Ave. 

CP 112 - 67th Ave. 

CP 113 - Above confl .  w/Gila River 

Gi la  River a t :  

CP 1310 - Below confl .  w/Salt River 

CP 1216 - Below confl.  w/Waterman W. 

CP 1217 - Below confl .  w/Hassayampa River 

CP 1218 - G i l l e s p i e  Dam 

CP 121 91- Midway From G i l l e s p i e  t o  
Painted Rock 

CP 121 9 - Painted Rock Dam 

Peak D i s c h a r ~ e ,  c f s  



TABLE 15 

STANDARD PROJECT ROOD PEAK DISCHARGE 

SALT UVER BmOW CONFLUENCE UITH VEIlDE RIVER (CP 40) 

WITH PROJECT 

Design Element/ Target discharges, c f s  
fl ocd oombination 200,000 150,000 100,000 50,000 

NOTE: SPF discharge equals t a rge t  d i s c h a r e  f a -  SPF design 
(1)  With flood oontrol o u t l e t s  
(2) With ex t ra  flood oontrol s torage 
NA - Control o f  the  design flood (100-year cr %-year) to the  t a rge t  

discharge ras mt achieved. 
NR - Not required sinoe remgula t ion  with fewer e l e w n t s  ms able  to 

aontrol  the  des- flood to the tars& disoharge. 
U/A - Not applioable s inae  93-yr flocd is on ly  115,000 cfs. 

930-year design3 were not analyzed fa r  a b i l i t y  to cont ro l  SPF,  
s ince  SPF is less tban design flood (500-yr.) 

Note: 
UR = New Roosevelt 
IM = New Hoi-seshoe 
NB = New B a r t l e t t  
NB = C l i f f  

ORMI = Confluence 
R = Roosevelt 
H = Rorseshoe 
B = B a r t l e t t  



TABLE 16 

PROJECT CONDITIONS 

ELEMZNTS AND COMB INATIONS 

WHICH ACHLEVED DESIGN CEJECTIVE 

Design Target discharge, c f s  
flood 200,000 150.000 100,000 50,000 

EXISTING NR NH NR+NB 
CONDITIONS NH NB NR+NH 
IS 175,000 NB NR+NB ORME 

CFS , NR+NB NR+NH R+H+B 
NR+NH ORME 
ORME R+H+B 

R+H+B 

Note: 
NR = New Roosevelt 
NH = New Horseshoe 
NB = New Bartlett 
NB = Cl i f f  

ORME = Confluence 
R = Rwsevelt 
H = Horseshoe 
B = B a r t l e t t  
* A l l  500-yr designs included only NR+NB ( C l i f f ) ,  and ORME 



TABLE 17 

PROBABLE MXIMM PRECIPITATION 

VIWIBR 

(TIM3 IWIBRVAL.1 IIR) 

ABOVE HORSgSBOE DAM 

TOThL DEPTH = 11.4 INCAES 

ABOVE ROOSeVELT DAM 

ABOW C O ~ I I W I ( B  OP SAW 

TOTAL DEPTH = 15.0 INCHES 

T m L  mTB s 8.8 MCHES 



TABLE 18 

P R ~ A B L E  WunuM PRECIPITATION 

S W R  

(TIME lNTERVAL=l HR) 

ABOVE HORSESWE DAM 

-03 .04 .04 .04 .04 .05 .05 . 08 .09 .09 -07 .06 .06 -05 
-07 .I0 .10 .I0 .I0 -10 . lo  
. l l  . l l  .12 .14 -15 .16 .17 
-17 . I2  .07 .10 .11 .I3 .16 
.25 .29 .30 . P . P . P .35 
-90 .60 .46 .33 .28 .22 .21 

TOTAL DEPTH = 12.4 INCHES 

ABOVE ROOSEVELT DAM 

TOTAL DEPTH = 17.1 INCHES 

ABOVE CONFLUENCE OF SALT AND VERDE RIVERS 

TOTAL DEPTH = 11.6 INCHES 



TABLE 19 

PRaBABLE HAXIMU4 ROOD 

PEAK DISCHARGE AND V O L W  BSTIMTES 

Inflow 
Peak 
(cis) 

Horseshoe Dam 670,000 

Roosevelt Dam 1,000,000 

Confluence of Salt  
and Verde Rivers 95,000 

Total Inflow 
Volume 
( ac-f t 



Effective 
drainage Date of 

Dam area survey 
(sq. mi.) 

Horseshoe 5,618 Oct 1950 
Nov 1963 
Oct 1978 

(Total per: 1950-1 978) 

Bar t l e t t  194 Nov 1950 
Jan 1964 
Jun 1977 

(Total  per: 199-1977) 

Roosevel t 5.760 Hay 1909 
Dec 1914 
Oct 1916 
Sep 1925 
Jan 1935 
Jan 1939 
Jan 1946 

(Total per: 1909-1946) 

Waddell 1,444 Apr 1928 
Feb 1941 

Coolidge 11,900 Nov 1928 
Feb 1935 
Jan 1937 
Jan 1947 

(Total per: 1928-1947) 

TABLE 20 

SEDIMENT SURVEYS AND RESULTS 

Period 
between Storage Differerne 
surveys capacity between surveys 
(yrs.) (ac-f t)  (ac-f t )  

Average annual 
sediment accumula- 
l a t i o n  f m  period 
(ac-ft/sq mi/yr) 

Sediment inflow 
(ac-ft/yr ) 



Dgm s i t e  

TABLE 21 

SEDIMZNT PRODUCTION ESTIMTES 

FOR VEllDE RIVBR ALTERN&TIVES 

Equivalmt Average annual Sediment volume 
draiPage area sedimmt yield i n  100-years 

(sa. mi.) (ac-ftlyr) (ac-ft) 

New Horseshoe 1,000 

Cl i f f  1,081 
(Horseshoe bzwached ) 

New Bartlett 1% 



Ref. 
No. USGS No. 

09468500 
09469000 
09 469 500 
09470000 
09470 500 
09471000 
09471550 
0947 1800 
09472000 
09472500 
09473400 
09474000 
09479 500 
09482500 
09465000 
09489000 
09497500 
09498500 
09498800 
09499000 
09499 500 
09500500 
09501000 
09502000 
09502500 
N A 
N A 
09508500 
09509000 
09510000 
095 10200 
095 1 1300 
N A 
09513970 
09517500 
0951 9500 

TABLE 22 

G I L A  RIVER BASIN 

STREAMGAGE RECORD 

Location 

San Carlos River nr .  Peridot 
San Carlos Reservoir Inflow 
Gila River below Coolidge Dam 
Gila River a t  Winkelman 
San Pedro River a t  Palominas 
San Pedro River a t  Charleston 
San Pedro River a t  Tombstone 
San Pedro River nr. Benson 
San Pedro River nr. Redington 
San Pedro River n r .  Mammoth 
San Pedro River nr.  Winkelman 
Gila River a t  Kelvin 
Gila River nr. Laveen 
Santa Cruz River a t  Tucson 
Santa Cruz River a t  Cortaro 
Santa Cruz River nr. Laveen 
S a l t  River nr. Chrysotile 
S a l t  River nr. Roosevelt 
Tonto Creek nr. Gisela 
Tonto Creek above Gun Creek 
Tonto Creek nr. Roosevelt 
S a l t  River a t  Roosevelt 
S a l t  River a t  and below Roosevelt 
S a l t  River below Stewart Mtn. 
S a l t  River a t  McDowe11 
S a l t  River a t  Granite Reef Dam 
S a l t  River a t  Arizona Dam 
Verde River below Tangle Creek 
Verde River a t  B a r t l e t t  
Verde River below B a r t l e t t  
Sycamore Creek nr. Ft. McDowell 
Verde River nr. Scottsdale 
Verde River nr. McDowel1 
Agua Fr i a  River a t  Avondale 
Centemial Wash nr. Arlington 
Gila River below Gi l lespie  

NOTE: 'Intermittent record. 

Period of Record 

(1930-1 979) 
(1914-1975) 
(1899-1905)'s (1914-1979) 
(1942-1979) 
(1930-193311 (1933-1941), (1950-1979) 
(1913-19341", (1935-1978) 
(1 967-1 979) 
(1966-1976) 
(1943-1947)t (1950-1978) 
(1931-1941) 
(1890), (1962-19661, (1966-1978) 
(1911-1979) 
(1 940-1 946), (1 948-1 978) 
(1906-1907), (19131, (1915-1978) 
(1940-1947), (1950-1978) 
(1940-1978) 
(1924-1979) 
(1913-1978) 
(1964-1 975) 
(1940-1979) 
(1914-1941) 
(1904-1908) 
(1910-1979) 
(1930-1979) 
(1895-1910)" 
(1913-1938) 
(1888-1891), (1895) 
(1945-1979) 
(1938-1945) 
(1888-1979) 
(1960-1979) 
(1961-1979) 
(1889-1938)" 
(1960-196711 (1967-19721, (1973-1978) 
(1961-1978) 
(1921-1979) 



Sal t  River at: 

CP 40-Belw aonfl wnerde River 

CP 109--Gilbert Road 

CP 110-Tempe Br idge  

CP 111-Catral Avaue 

. CP li2-67th A v a w  

8 113--Above oonn  w/Gila River 

TABLE 23 

DISCHARGE FREQUENCY VALUES 

SALT RIVER AND GILA RIVER 

EXISTMC CONDITIONS 

Return veriod 
500-yr 200-yr 100-yr 50-yr 20-P 10-yr 5-yr 

Gila R i w  at :  

CP 1310-Belm m n f l  w/Salt River 360,000 295,000 250,000 200,000 135,000 95,000 40,000 

CP 1217-Below aonfl w/Aamayampa 
River 340,000 280,000 240,000 . 190,000 129,000 82,000 38,000 

CP 12I8--Gillespie Dam 335,000 277,000 235.000 . 186,000 124,000 70,000 37 ,000 

8 12191-Mldway fram Oilleapie to 
Painted Rook 330,000 272,000 230,000 180,000 120,000 75,000 36,000 

CP 1219 -Painted Rock Dam 320,000 260,000 220,000 173.000 115.000 70,000 31,000 



Target 

TABLE 24 
PROJECT CONDITIONS 

STRUCTURAL ALTERNATIVE DESIGNS 

New Roosevelt New Horseshoe 
F.C. F.C. F.C. F.C. 

Design Discharge Space Outlet Space Outlet 
Flood (cfs) Alternative (ac-ft) (cfs)  (ac-ft) (cfs) 

50-Yr ZQ0,00O* Not Required - - - - 

New Bartlett  
F.C. P.C 

Space outlet 
(ac-ft) (cfs) 

Orme 
F.C. F.C. 

. Space Outlet 
(ac-ft) (cfs) 

*M-Yr flood f w  existing corditions is only 175,000 cfs.  



TABU 24 (CONT'D) 
PROJECT CmDITIONS 

STRUCTURAL ALTERNATIVE DESIGNS 

N w  Roosevelt New Horseshoe New Bartlett Orme 
Target P.C. F.C. F.C. F.C. F.C. F.C. F.C. F.c. 

~ a i g n  D i s d a r p  Space Outlet Space Outlet Space Outlet Space Outlet 
.ocd (cfs)  Alternative (ao-ft) (cfs)  (ac-ft) (cfs) (ac-ft) (c f s )  (ac-ft) ( c i s )  

'0-Yr 50,000 O m e  - - - - - - 7M,000 50,000 
N R + N B  550,000 23.000 - - 245,000 23,000 - - 
NR + NH 550,000 23,000 255,000 23,000 - - - - 

0-Yr 100,000 Ome - - - - - - 420,000 100.000 
N R + N B  350,000 48,000 - - 145,000 42,000 - - 
N R + N H  355,000 50,000 145,000 50,000 - - - - 

0-Yr 150,000 Orme - - - - - - 190,000 150,000 
NR 325,000 70,000 - - - - - - 
NU - - 207.000 43,000 - - - - 
NB - - - - 205,000 38,000 - - 

N R + N B  240,000 75,000 - - 71,000 57,000 - - 
N R + N H  247,000 71.000 74,000 65,000 - - - - 

0-Yr 200,000 Orme - - - - - - 46,000 200,000 
NR 154,000 105,000 - - - - - - 
NH - - 52,000 58,000 - - - - 
NB - - - - 52,000 75,000 - - 

N R + N B  130,000 100,ooo - - 30,000 m,wo - - 
N R + N H  154,000 90,000 57,000 85,000 - - - - 

a * 0 rl, 0 * * * * '0 -0 
z 



Target 

TABLE 24 (CONT'D) 
PROJECT CONDITION 

STRUCTURAL ALTERNATIVE DESIGNS 

New Roosevelt New Barlett Orme 
F.C. F.C. F.C. F.C. F.C. F.C. 

Design Discharge Space Ou t l e t  Space Out le t  Space Out le t  
Flood ( c f s )  Al te rna t ive  (ac-f t )  ( c f s )  (ac-f t )  ( c f s )  (ac-f t )  ( c f s )  

Due to the magnitude of  l o c a l  inflow (uncontrol led inflow below NR,  NB), t h e  500-yr f lood could not  be control led t o  
t h e  t a rge t  d ischarge of 50,000 cfs .  Actual design l a s  t h e r e fo r e  predicated upon t h e  minimum achievable 500-yr 
downstream discharge a t  (9-40, 90,000 c f s .  



TABLE 24 (CONT'D) 
PROJECT CONDITION 

STRUCTURAL ALTERNATIVE DESIGNS 

Tar get 
New Roosevelt New Horseshoe Mew Bartlett 
F.C. P.C. F. C. F.C.  F.C. F.C. 

~ ~ 

Discharge Space Outlet space Outlet Space Outlet 
(cfs) Alternative (ac-ft) (cia) (ac-ft) (cfs) (ac-ft) (cfs) 

aOptimized msults during Stage I11 for cost 
b~tage II results maximized outlets 

Orme 
F.C. F.C. 

Space Outlet 
(ac-ft) (cfsl 



TABLE 25 
PROJECT CONDITIONS 

REREGULATION ALTERNATIVE DESIGNS 

Design Target Designated F.C. 
Flood Discharge Elements F.C. Space Outlet 

(c fs )  (ac-f t)  ( c f s )  

Drawdown 
Outlet 
( c f s )  

50-Yr 50,000 Horseshoe 126,000 - 
B a r t l e t t  173,000 - 

100,000 Roosevelt 270,000 - 
Horseshoe 126,000 - 
Bar le t t  173,000 - 

150,000 Roosevelt 
Horseshoe 
B a r t l e t t  

100-Yr 50,000 Roosevelt 
Horseshoe 
B a r t l e t t  

100,000 Roosevelt 
Horseshoe 
B a r t l e t t  

100,000 Roosevelt 
Horseshoe 
Bar t l e t t  

150,000 Roosevelt 320,000 45,000 
Horseshoe - - 
B a r t l e t t  173,000 10,000 

200,000 Roosevelt 370,000 20,000 
Horseshoe - - 
B a r t l e t t  - - 

SPF 50,000 UNABLE TO MEET THE TARGETS 

90,000( ) Roosevelt 495,000 30,000 
CliffMorseshoe 126,000 95,000 
B a r t l e t t  173,000 70,000 

150,000 Roosevelt 520,000 - 
Horseshoa 63,000 - 
B a r t l e t t  133,000 75,000 

150 , o o o ( ~ )  Roosevelt 140,000 100,000 
Horseshoe 126,000 80,000 
B a r t l e t t  173,000 50,000 



Design 
Flood 

TABLE 25 (CONT'D) 

Target Designated F.C. Drawdown 
Discharge Elemmts F.C. Space Outlet Outlet 

( c f s )  (ac-ft) ( c i s )  (c fs )  

150, WO(') Roosevelt 125.000 50,000 - 
CliM/Horseshoe 126,000 95,000 - 
B a r t l e t t  173,000 75,000 - 

200, 000 Roosevelt 320,000 30, 000 - 
Horseshoe 63,000 - - 
B a r t l e t t  173,000 30,000 - 

Note: 50-yr design/200,000 cfs ta rge t  is unnecessary run since 50-yr flood 
through the exis t ing  con.iition produces peak of 175,000 cfs .  

( 1 )  Y/SODl ,2,spillway modification e Roosevelt, Cliff/Horseshoe to control 
IDF 

( 2 )  The exis t ing  gated spillway was upgraded to 100,000 c f s  capabi l i ty  @ 
spillway cres t .  



1. Exist ing Conditions 

TABLE 26-A1 

PROJECT CONDITIONS 

RESULTS OF DISCHARGE FREQUENCY ANALYSIS 

SALT RIVER BELOW CONFLUENCE WITH VEADE RIVER (CP-40) 

Peak Discharge, c f s  
Design Design 
flood t a rge t  Frequency, yrs .  
(yrs . )  (cfs) 500 200 100 50 20 10 

2. Projec t  C o d i t i o n s  A 1  te rnat ives  

a .  S t r u c t u r a l  Elements: SODl N/A N/A 297,000 270,000 249,000 220,000 160,000 ~~~,~~~ 
New Roosevelt = NR SOD2 N / A  N / A  177,000 168,000 159,000 148,000 127,000 90.000 
Cl i f f  = NB 
Confluence = ORME ORME 50 50,000 320,000 230,000 155,000 50 ,000 50,000 50,000 
S a f e t y d f  -Dams: SODl ,SOD2 NRNB 270,000 200,000 1 50,000 85,000 50,000 50.000 
R e y  l a t o r y  Storage ORME 50 100,000 345,000 265,000 205,000 100,000 100,000 100,000 
at confluence = RS NRNB 305,000 235,000 170,000 100,OO~ 100,000 100,000 

b. Reregulation Elements: ORME 50 150,000 355,000 270,000 210,000 150,000 141,000 102,000 
Roosevelt = R NRNB 340,000 260,000 210,000 150,000 141,000 102,000 
Horseshoe = H 
Cl i f f  = C 50 MO , 0 0 0 ~  
B a r t l e t t  = B 

I NOTE: N / A  = not applicable 

a ~ o t  required,  ex i s t ing  conditions discharge = 175,000 c f s  



TABLE 26-A2 

PROJECT CONDITIONS 

RESULTS OF DISCHARGE FREQUENCY ANALYSIS 

SALT RIVER BELOW CONFLUENCE WITH VeRDE RIVER (CP-40) 

Peak Discharge, cfs 
Design Design 
fl ood target Frequency, yrs. 
(yrs.) (afs)  500 200 100 50 20 10 

1. h i s t i n g  Conditions N/ A N/A 360,000 290,000 245,000 175.000 141,000 102,000 

2. Project Conditions A 1  ternatives 

a. S t r w t u m l  Elements :  O M  100 50,000 250,000 145,000 50,000 50,000 50,MX) 50,000 
New Roosevelt = NR NRNB 235,000 135,000 85,000 55,000 50,000 50,000 
Cliff  = NB 
Confluence = ORME ORME 100 100,000 275,000 180,000 100,000 100.000 100,000 100,000 
Safety-oi-Dams SODl,SOD2 NRNB 295,000 200,000 100,000 100,000 100,000 100,000 
Regulatory Storage 
at aonfluence = RS ORM 100 150,000 295.000 210,000 150,000 150,000 141,000 102,000 

NRNB 320,000 225,000 150,000 150,000 141,000 102,000 
b. Reregulation Elements: 

Roosevelt = R ORMI '  100 200,000 340,000 255,000 200,000 175,000 141,000 102,000 

I '  Horseshoe r H MWB 340,000 260,000 200,000 175,000 14 1,000 102,000 
I Cliff  = c 

NOTE: N/A r not applicable 



TABLE 26-A3 

PROJECT CONDITIONS 

RESULTS OF DISCHARGE FmQUENCY ANALYSIS 

SALT RIVER BELOW CONFLUENCE WITH VERDE R I V E R  (CP-40) 

Peak Discharge, c f s  
Design Design 
flood target Frequency, yrs. 
(yrs.)  (cfs)  500 200 100 50 20 10 

1. Existing Conditions N/ A N/A 360,000 290,000 245,000 175,000 141,000 102,000 

2. Project Conditions A 1  ternatives 

a. Structural  Elements: ORME 500 
New Roosevelt = NR NRNB 
Cliff  = NB 
Confluence = ORME ORME 50 0 
Safety-of-Dams= SODl ,SOD;, NRNB 
Regulatory Storage 
at  confluence = itS ORME 500 

NRNB 
b. Reregulation Elements: 

Roosevelt = R ORME 500 
Horseshoe = H NRNB 
Cliff = C ~ Bar t le t t  = B 

1 NOTE: N/A = not applicable 



" ' .  
TABLE 26-A4 

PROJECT CONDITIONS 

RESULTS OF DISCHARa FREQUENCY ANALYSIS 

SALT RIVER BELOW CONFLUENCE WITH VERDE RIVER (CP-40) 

Peak Discharge, cfa 
Design Desian 
f lood targat  Frequency, yrs. 
(yrs)  (cfs)  500 200 loo 50 20 10 

I 1. B i a t i n g  c 0 d i t i 0 ~  N/A N/A 360,000 290,000 245,000 175,000 141,000 102,000 

Altarnatives 

a. S t r w t u r a l  Elmarts: 
New Roosevelt = NR 
Cliff  = NB 
Confluenoe = ORPe 
Safety-or-Dam SOD1 ,SOD2 
Regulatory Sturage 
a t  oonflumoe IPI 

b. Reregulation Elemants: 
Rsosevelt x R 
Horseshoe = H 
c l i f f  . C 
Bartlett = B 

I 
VOTE: N/A = mt applicable 

ORm . SPF 
ORm 
(u/SOD2) 
NRNB 
NRNB 
(u/SOD2) 
NRNB 
(w/RS 

R+WC+B SPF 
(w/S0D1 ,2) 

ORW SPF 
NRUB 

OAFS SPF 
NRm 
R+H/C+B 
(w/S0D1 ,2) 

ORW SPF 
NRNB 

M ,000 
50,000 

55,000 
55,000 

55,000 

go, 000 

100,000 
100,000 

150,000 
150,000 
150,000 

175,000 
175,000 



a. S t ruc tura l  Elements: 
New Roosevelt = NR 
Cliff  = N!3 
Confluence = ORME 
Safety-of-Dams= SOD1 ,SOD2 
Regulatory Storage 
a t  confluence = ILS 

b. Reregulation Elements: 
Roosevelt = R 
Horseshoe = H 
Cl i f f  = c 

TABLE 26-81 

PROJECT CONDITIONS 

RESULTS OF DISCHARGE FREQUENCY ANALYSIS 

SALT RIVER ABOW CONFLUENCE WITH GILA R I V E R  (CP-113) 

Peak Discharge, c f s  
Design Design 
f 1 ood ta rge t  Frequency, yrs. 
(y r s )  ( c f s )  500 200 100 50 20 10 

1. Existing Conditions N/A N/A 310,000 250,000 185,000 1115,000 125,000 85,000 

2. Project Conditions A 1  ternat ives 

ORME 50 
NRNB 

ORME 50 
NRNB 

ORME 50 
NRNB 

Bar t l e t t  = B 50 200 , 0 0 0 ~  

NOTE: N/A = not applicable 
a ~ o t  required, exist ing conditions discharge = 175,000 c f s  



TABLE 26-B2 

PROJECT CONDITIONS 

RESULTS OF DISCHARGE FREQUENCY ANALYSIS 

SALT RIVER ABOVE CONFLUENCE WITH GILA RIVER (CP-113) 

Peak Discharge, c h  
Design Design - 
flood ta rge t  Frequency, yrs.  
(yrs )  (cfs)  500 200 100 50 20 10 

1. Existing Conditions N/ A N/A 310,OO 250,000 185,000 145,000 125,000 85,000 

2. Projar t  Conditions A 1  t e r a t i v e s  

a. S t ruc tu ra l  Elements: 
New Rwsewlt = NR 
Cliff r NB 
Confluenoe = ORW 
Safety-of-Dam SOD, ,SOD2 
Regulatory Storage 
at  confluence = RS 

ORrn  
NRNB 

b. Reragulation Elements: 
Rwsevelt  = R 
Horseshoe = H 
Cliff . C 

ORW 
NRNB 

B a r t l e t t  = B 

NOTE: N/A = m t  applioable 



TABLE 26-83 

PROJECT CONDITIONS 

RESULTS OF DISCHARE FREQUENCY ANALYSIS 

SALT RIVER ABOVE CONFLUENCE WITH GILA RIVER (CP-113) 

Peak Discharge, c f s  
Design Design 
f 1 ood t a rge t  Frequency, yrs.  
( y r s )  ( c f s )  500 200 100 50 20 10 

1. Existing Conditions N/A N/A 310,000 250,000 185,000 145,000 125,000 85.000 

2 Project Conlitions A 1  ternat ives 

a. S t ruc tura l  Elements: 
New Roosevelt = NR 
Cli f f  = NB 
Confluence = ORMl? 
Safety-of-Dams- SOD, ,SOD2 
Regulatory Storage 
a t  confluence = W 

ORM 500 
NRNB 

ORME 50 0 
NRNB 

b. Reregulation Elements: 
Roosevelt = R 
Horseshoe H 
Cl i f f  = C 
Bar t l e t t  = 8 

O R E  500 
NRNB 

NOTE: N / A  = not applicable 



TABLE 26-B4 

PROJECT CONDITIONS 

RESULTS OF DISCIURm FREQUENCY ANALYSIS 

SALT RIVER ABOVE CONFLUENCE WITH GILA RIVER (CP-113) 

Peak Discharge, cfs 
Dealgn Desinn 
n o 4  tar& Fmquehe~ , yes. 
(yra) (of's) 500 200 100 50 20 10 

I 
Existing Conditions N/A N/A 310,000 250,000 185,000 i45,ooo i a , o o o  ij5,boo 

P r o j c t  Conditlom A 1  t e r m t i w a  

a .  S t r w t w l  Slrwnta: 
Now Rooerwlt a NR 
ciiri s NB 
ConRuonoo a 01116 
WO~Y-O~-D.IW SOD, ,so4 
Ryula tory  Storago 
a t  oonfluonoo s HI 

t: N l A  a not applioabla 

O W  SPF 
ORK 
(wl904 1 
RRNB 
NRNB 
(wlSOD2) 
NRRB 
w/N 
R+WC+B SPP 
(w/SoDt ,$ 

ORK SPF 
NRlW 

O R I S  SPP 
NRNB 
IkR/C+B 
(w/s0D1 ,*) 



TABLE 26-~1 

PROJECT CONDITIONS 

RESULTS OF DISCHARGE FREQUENCY ANALYSIS 

GILA RIVER BELOW CONFLUENCE WITH SALT R I V E R  (CP-1310) 

Peak Discharge, c f s  
Design Design 
flood ta rge t  Frequency, yrs.  
(yrs )  ( c f s )  500 200 100 50 20 10 

1. Existing Conditions N/ A N/ A 360,000 295,000 250,000 200,000 135,000 95,000 

2. Project C o d i t i o n s  Alternatives 

a.  S t ruc tura l  Elements: 
New Rwsevelt = NR 
C l i f f  = NB 
Confluence = O R E  
Safety-of-Dams= SOD, ,SOD2 
Regulatory Storage 
a t  confluence = I1S 

b. Reregulation Elements: 
Roosevelt : R 
Horseshoe = H 
Cliff = c .  
Bar t le t t  = B 

SODl N/ A 
SOD, N/A 

ORME 50 
NRNB 

ORME 50 
NRNB 

O R E  50 
NRNB 

50 

NOTE: N/A = not applicable 
a ~ o t  r e q u i r e d ,  ex is t ing  conditions discharge = 175,000 c f s  



TABLE 2642 

PROJECT CONDITIONS 

RESULTS OF DISCHARtX FREQUENCY ANALYSIS 

GILA RIVER BELOW CONFLUENCE WITH SALT RIVER (CP-1310) 

Peak Disoharge. c i s  
Design Design 
flbod target Frequency, yrs. 
(yrs) (ofs) 500 200 loo 50 20 10 

1. Existing Conditions N/A N/A 360,000 295,000 250,000 200,000 135,000 95,000 

2. ProJeot Contitions Alternatives 

a. Struotural Elemants:  
New Roosewlt = NR 
Cliff r NB 
Confluenoe = ORM 
Safety-of-Dam SOD, ,SO% 
Regulatory Storage 
a t  oonnuanoe = Is 

b. Reregulation Elanants: 
Roosevelt = R 
Horseshoe r A 
 iff a C 
Bartlet t  = B 

YOTE: NIA = not applioable 

ORt% 
NRNB 

O R r n  
NRNB 

ORlB 
NRNB 

ORM 
NRNB 



TABLE 26-C3 

PROJECT CWVDITIONS 

RESULTS OF DISCHAR63 FREQUENCY ANALYSIS 

GILA RIVER BELOW CONFLUENCE KITH SALT RIVER (CP-1310) 

Peak Discharge, c f s  
Desian Desian 
f loo: tar&. Frequency, yrs. 
(yrs )  ( c f s )  500 200 loo 50 20 10 

1. Existing Conditions N/ A N/A 360,000 295,000 250,000 200,000 135,000 95,000 

2. Project Conditions A 1  t e rna t ives  

a. S t ruc tu ra l  Elements: ORME 50 0 
New Roosevelt : NR NRNB 
Cl i f f  = NB 
Confluence = ORME ORME 500 
Saf ety-of-Dams= SOD1 ,SOD2 NRNB 
Regulatory Storage 
a t  confluence = I1S ORME 50 0 

NRNB 
b. Reregulation Elements: 

Roosevelt = R ORME 50 0 
Horseshoe = H NRNB 
Cliff  = C 
B a r t l e t t  = B 

NOTE: N / A  = not applicable 



TABLE 2644 

PROJECT CONDITIONS 

RFSULTS OF DISCHARIZ FREQUENCY ANALYSIS 

onn RIVER BELOW CONFLUENCE WITH SALT RIVER (CP-1310) 

Design 
flood 
(yrs) 

Design 
target 
(cia) 

N/A 

Peak Discharge. c i s  

Fnqwncy, yrs. 
100 50 

Projaot Conlitlom Al t a r t m t i w  

a. Struotuml E l a n a t n :  ORIB SPF 
N e w  Roo.9evslt = NR aRl% 
c l i f f  x NB (w/sm2 1 
Conflumoe x OWE lWlW 
Safe ty -o fbma  SODl ,SO% NRlOB 
Regulatory Storage U/SO% 
a t  confluence x FE NRNB 

(w/AS) 
b. Reregulation El-ts: R+H/C+B SPF 

Roosevelt x R (w/SOD1 ,2) 
Horseshoe r H 
~ l i i f  = C OR= SPF 
Bartlet t  = B #RRB 

O R K  SPF 
NFINB 
R+WC+B 
(w/s0D1 ,2) 

O R l g  SPF 
NRNB 

NOTE: N/A = not applicable 



TABLE 27 

SEASONAL DISCHARm FREQUENCY 
Summary o f  Non-Damaging Flows,  c f s  

Dura t ion  (1)  

Season  Peak 1 -Day 2-Day 3-Day 6-Day 

May through J u n e  Q 60,000 4 4 4 

P r .  .0028 

Q 80,000 
P r .  .002 

J u l y  through September Q 60,000 fi t f i 

P r  . ,008 

Q 69,000 
P r .  .005 

Q 90,000 
P r .  .002 

Octa ber  through November Q 60,000 • 
Pr.  .0054 

Q 63,000 
P r .  .005 

Q 150,000 
Pr .  .002 

December through A p r i l  Q 60,000 60,000 60,000 60,000 t 

Pr .  -155 . lo5 .063 .033 

Q 91,000 62,000 67,000 74,000 
Pr.  .10 .10 -05 -02 

Q 140,000 93,000 98,000 94,000 
P r .  .05 .05 .02 .01 

Q 250,000 160,000 135,000 130,000 
( ' ) D u r a t i o n d i s c h a r g e s  P r .  .O1 .01 .005 .002 

r e p r e s e n t  t h r e s h o l d  
d i s c h a r g e  1.e. Q 295,000 185,000 160,000 
d i s c h a r g e s  which are Pr.  .005 .005 .002 
e q u a l l e d  or exoeeded 
fa- given  &.irations. Q 360,000 220,000 

P r  . .002 .002 

A l l  & r a t i o n  d i s c h a r g e s  60,000 c f s  for 500-yr r e t u r n  p e r i o d  (Pr=.002). 
Return p e r i o d  = ( l / P r . )  



pra 
exceedanoe 
probability 

TABLE 28 
SALT RIVER AND VEPDE RIVER 

CONPIDENCg LIMITS 

Confldmae Urnits 
(ofs) 

-05 list .95 l i m i t  

Salt River 
Peak Inflow to 
Roosevelt Dam 

(ofs) 

Verde River 
Peak Inflar to 
Rmseshoe Dam 

(ofs) 

160,000 
145,000 
130,000 
115,000 
97,000 
71,000 
48,500 
18,000 
4 , 900 
2,100 

920 
170 

1 a Return period = - 
Pr 



DRAINAGE AREA MAP 
GILA R I V E R  





2,146.0' 1 ~ 5 5 5 , ~ ~ ~  AC-FT-TOp OF DAM 

2,136.0.\ 1,382,000 -NORMAL WATER SURFACE 

2.120.3' '*'12*000 AC-FT SPILLWAY CREST 

CAPACITY AT 2/46';/50,000 CFS 

- - - - -- - - - - - - 
OUTLET WORKS 

- - - . - - . - - - - - - - - CAPACITY ~2,620 CFS 

ROOSEVELT DAM 

1320.0' 264,000 AC-FT-TOp OF DAM 

1,914.0' 245'000 NORMAL WATER SURFACE 

1,891.0' 189'000 SPILLWAY CREST 
CAPACITY AT /914~/50,000 f f S  

---------- 
+- OUTLET WORKS 

CAPACITY = 2,000 C F S  

HORSE MESA DAM 
GILA RIVER AND TRIBUTARIES 

CENTRAL ARIZONA WATER CONTROL STUDY 

EMBANKMENT PROFILES 

: ROOSEVELT AND HORSE MESA 
-. - -- 

U S ARMY ENGINEER DISTRICT 
LOS ANGELES, CORPS OF ENGINEERS 

A 
@ 

P L A T E  3 



1,671.0' q800 TOP OF DAM 

58,000 A C - F T . ~ ~ ~ ~ ~ ~  WATER SURFACE 

I 201000 SPILLWAY CREST 
1 CAPACITY AT /67/'=/50,000 CtT 

- - - - - - - - - - - - - OUTLET WORKS 
- - - - - - - - - - - - CAPACITY ~2,370 CFS 

MORMON FLAT DAM 

701000 NORMAL WATER SURFACE / '"6.0' \ ~ O I O O O  A"" SPILLWAY CREST 

CAPACITY AT /535~/50,000 CFS 
(RESTRICTCD dl STRUCTURAL LlMlTATiON: 

- - - -. - - - - - - - -- OUTLET WORKS ---- CAPACITY = 3,000 CFS 

STEWART MOUNTAIN DAM 

CENTRAL ARIZONA WATER CONTROL STUDY 

1 EMBANKMENT PROFILES 1 
MORMON FLAT AND STEWART MTN. 

U. S. ARMY ENGINEER DISTRICT 
LOS ANGELES, CORPS OF ENGINEERS -i 

PLATE 4 



I 

5 

182,000 AC-FT 
OF DAM 

131'000 NORMAL WATER SURFACE 

6q000 SPILLWAY CREST 
CAPACITY AT 20355:250,000 CFS 

- - - - - - - - - - - 
t- OUTLET WORKS 

CAPACITY ~2,200 CFS 

HORSESHOE DAM 

I ,8030' 1 9 9 v ~ 0 0  AC-FT -Top OF DAM 

178'000 NORMAL WATER SURFACE 

72*000 A C - F T - ~ ~ ~ ~ ~ ~ ~ ~  CREST 
CAPACITY AT 17#~17J,000 CFS 

-- - - - - - - - - - 
OUTLET WORKS 
CAPACITY = 4,000 CFS 

pARTLETT RAM 

, 

G I L A  R I V E R  AND TRIBUTARIES 
CENTRAL ARIZONA WATER CONTROL S N D Y  

EMBANKMENT PROFILES 
HORSESHOE AND BARTLETT 

U. S. ARMY ENGINEER DISTRICT 
LOS ANGELES, CORPS OF ENGINEERS 

- 
PLATE 5 



PLATE 6 

1 

2,5360' 1,360,000 AC-FT OF DAM 

2,519.0' 1*066'000 AC-FT -NORMAL WATER SURFACE 

2,511.0' -SPILLWAY CREST 
CAPACITY AT 2 5 3 5 ' . / / ~ 0 0  CFS 
IASWYED FL4SMOAW F a I . 0 )  

- - -- - - - - - - - - 
t- OUTLET WORKS 

--------- CAPACITY -2,000 CFS 

COOLIDGE DAM 

175.7' 176,000 AC-FT-TOp OF DAM 

-- 158'000 NORMAL WATER SURFACE 

-SPILLWAY CREST 
CAPACITY AT /70'--143,000 CFS 
(SECTVR CAT€ AS- INWRAaLEI 

- -- - - - - - .- - - 
f 

------------ 
OUT LET WORKS 
CAPACITY =880 CFS 

YADDELL DAM 
G I L A  R I V E R  AND TRIBUTARIES 

CENTRAL ARIZONA WATER CONTROL STUDY 

EMBANKMENT PROFILES 
COOLIDGE AND WADDELL 

U. S. ARMY ENGINEER DISTRICT 
LOS ANGELES. CORPS OF ENGINEERS 

1 
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G 
LJ HORSESHOE DAM/NEW HORSESHOE DAM 

\--I CLIFF DAM 

0 0 9 -n c 0 
- 

3 '2 9 s 3F 
Zo t 
C 03 s 3 
3 
P, 

% 
S '2 

F\ 
03 r, s 0 

9 s 

GILA RIVER AND TRIBUTARIES 
CENTRAL ARIZONA WATER CONTROL STUDY 

LOCATIONS O F  PROJECT SITES 

U. S. ARMY ENGINEER DISTRICT 
LOS ANGELES, CORPS OF ENGINEERS 

, 









IIORSESHOE 

G I L A  R I V E R  

DAY 

ZERO ROUllN6 

CONCENlR"r,oN POlNI 

SCHEMATIC FLOW DIAGRAM 
SUbAREA XUNdER 

U. S ARMY ENGINEER MSTRlCT 
IEO~I. INlERMEOIATE ROUllHS REACH LOS ANGELES. CORPS OF ENGINEERS 

NOT 10  SCALE TO u m m m  nron mrol; 



REF 
*a L O C A T I O N  

I SbN CARLO¶ l N E R  NR. PERIDOT 
2 SAM CARLOS RESERVOIR INFLOW 
3 OIL& RIVER OROW COOLIOQE D U  . OlLA RlVER AT W*INlCELMAN 
5 SAW PEDRO RIVER AT PALOUINAS 

n e SAN PEDRO RIVER AT CHARLES~N 
7 SAW PEDRO RIVER b T  TOMBSTONE 
S SAN PEDRO RIVER NI) BENSCU 
9 S I N  PEDRO RNER In. REDINQTON 
I0 SAM PEDRO RWER N R  UAYYOTW 
I I  SAN PEDRO RIVER NR. WINMELMAY 
I 2  O I L 1  RIVER AT KELVIN 
I 3  GILA RIVER NR. LAVEEN 
I. Y N T A  CRUZ RIVER AT TUCSON 
I 5  SANTA CWJZ RIVER AT C O l l T U O  
16 SANTA CRUZ RIVER NR. LAVEEN 
I,  SALT RIVER NR. CHRVlOTlLE 
I S  SALT RIVER NR. WOSEVELT 
IS T O N m  CREEK m. OISELA 
XI TONTO CREEK ABOVE OUN CREER 
2 1  TONTO CREEK NR. RWSEVELT 
2 2  SALT RIVER AT ROOIEVELT 
ea ULT RIVER a1 AND SEWW ROOSEVELT 
24 SALT RIVER BELOW STEWART m*. 
PS SALT RIVER AT MIDOWELL 
26 SALT RiYER AT GRANITE REEF DAM 
P I  SALT RIVER AT ARIZONA DAM 
2 8  VERDE RIVER BELOW TANOLE CREEK 
2 s  VERDE RIVER AT I A R R E T T  
Z 4  VERDE RIVER OELOW I A R R E T T  
31 SYCAMORE CREEK NR. FX McOOWELL 
1L VERDE RIVER NR. XOTTSDALE 
33 VERDE RIVER NR. Y I O O R L L  
34 A W A  FRIA RIVER AT AVONDALE 
3 5  CENTENNIAL WASH NR. ARLINQTON 
% QlLA RIVER BELOW GILLESPIE 

SILA Raven  A- ~111mwmu 
csnmu uz(* l  w A n m  como~ 

STREAMGAGE LOCATIONS 

U. a A m  Cwllrrn DOmm 
U)S AIOLLU. CO~~CS OF w m c a  
TO A C C O I Y .  wron mlw4 



CXCIFDANCE FRrQUENCY PER HUNDRED YEARS 

9 KI 20 $0 1 0  220 $00 IWO 10.m 

FXCI-IUbNCE INTERVAL IN YEARS 

. . 

iEdENo OILA RIVER AND TRIBUTARIES 

A, ~ o l m  ROTTING POSITIONS FOR N.91 YRS USING PERICD- 
AmmNA COWTROL 

*-RECORD FLOWS INPUT TO HEC-5 SIMULATION MODEL. DISCHARGE - FREQUENCY 
0 REGULATED OISCHAROES FOR PRESENT CONOITIONS. (EXISTINO CI)NDITIONs) 
• NATURAL DISCHARGES. SALT RIVER BELOW CONFLUENCE 

0. BALANCED HYDROGRAPH RESULTS USING HEC-5 SIMULA- WITH VERDE RIVER 
TlON MODEL. 

: @ REWLATED DISCHARGES FOR PRESENT CONDITIONS. 
U S ARMY CORPS OF ENGINEERS 

I B NATLIRAL DISCHARGES. 
LOS ANGELES DISTRICT 

TO ACCOMPANY REPORT DATED. . 



> 

. 
DEFINITION:  @ ) a  @+@ 

CORRELATION STEP SEQUENCE 

1. @+@ TO F l L L  OAPS IN  STREAM- 
FLOW RECORD AT "6" 

2 @+@'@ 

3 0- DIVERSION a @ 

4 0.0 AFTER ROUTING AND 
PERCOLATION LOSS 

/ 5 @-0-@ 
/ 

H 
6. @-+@ TO FlLL GAPS IN  STREAM- 

FLOW RECORD AT "8" 

7. @-DO TO FlLL GAPS IN  STREAM- 

REEF DAM FLOW RECORD AT "7"  . 
k 

b. 
4 
P * 

G I L  A R I V E R  

COOLIDGE 
DAM 

G 
T 

L E G E N D  - INDICATES DIRECTION OF 
CORRELATION AND SUdSEO[KNT 
ROUTING 

+ - - - DIVERSION 

OlLA RIVER AND TRIBUTARIES 
CENTRAL ARIZONA WATER CONTROL STUDY 

CORRELATION SEQUENCE FOR 
INFLOW TO COOLIDGE DAM 

1903-  1938 

U. S. ARMY ENGINEER DISTRICT 
LOS ANGELES, CORPS OF ENGINEERS 

P L A T E  14  



CXCl  rDENCE PER HUNDRED YEARS 

I LOS ANGELES. CORPS OF ENGINEERS 
TO ACCOMPANY REPORT DATED 

PLATE 16 



EXCEEDA'rtE lWTERVCIL IN YEARS I 
ALTERNATIVE = NRNB 

QLA RMR AN) T R . u T A R E 8  
CP(TRAL ARIZONA WATER COMTKK 8 M Y  I 

TARGET = 60,000 CFS 
W T m M L o w ~ w r r n  

RVER (CP 40) 

U S  A R h L Y  C O R P S  O F  E N C , E . E E R S  
L C S  A N G E L E S  D t S i R i C i  

PLATE lor 



ALTERNATIVE = NRNB 

i 
TARQET = 60,000 CF8 1--Y ClJWES 

O A L T R l V E R B h l O W ~ W r n  

RMR (CP 40) 
0 - DEPENDENT ANALYEIE 

U S A R ' r Y  C O F F S  O f  I \ . I !  E C F ' C  - IWDEPENOENT ANALY8lE L C S  A ~ G E ~ L S  b ~ s ~ r  C; 

PLATE 16b 



EXCEEDAVCE FREOUENC) FCR HUN3RE: YEAPS 

EXCEEDANCE INTERVAL IN YEARS 

ALTERNATIVE = NRNB 
OU UWER AN) TRIWIARIES 

QlYrrUL ARIZONA WATER COMROL OTU)Y , 

13 - DEPENDENT ANALYSIS U S A R M Y  C O R P S  OF E N G I k E E R ?  
- INDEPENDENT ANALYSIS L O S  A N G E L E S  D I S T R I C T  

TARQET = 50.000 CFS 

PLATE 180 

aB'Es 
M L T  RlVER BELOW COHCLUENCE WITH 

(CP 40) 





I 1 I nl i i  I I I~ I I I IVAL IN vrnns 

O M  RIVER AH) m - 8  
CENlml ARlZONA WATER CdM#K m y  

ALTERNATIVE = ORME 

DESIGN = 8PF --FREQUENCY m s  
TARGET = 60,000 CFS 

Q#A RIVER BELOW CONLUEm 
W l l H  SALT RIVER (CP-1S10) 

u S ARMY CORPS OF ENQINEER8 
L O S  ANQELES D ISTRICT  

PLATE 17b 



ALTERNATIVE = NRNB 

DESIQN = 8PF 

Q L A  RIVER AND TRIEUTARKS 
C e m U L A R O O N A W A T W C O H l R Q L ~  

TARGET = 60,000 CF8 E & T R N W B E L O W C O F U B ( Q W ~  
V W D E R N W  -40) 

U S ARMY CORPS OF ENGINEERS 
LOS ANGELES DISTRICT 

10 ACCOMPANY REPORT DATED, 
P L A T E  18r 



E X C E ~ A N C E  INTERVAL IN YEARS 

CENTRAL ARIZONA WATER CONTROL 8n-w 

.TERNATlVE = NRNB L)lSHmE-FRE-Y CL]RVEs 

U S ARMY CORPS OF ENGINEERS 
LOS ANGELES DISTRICT -- - 

TO ACCOMPANY REPORT DATED 

PLATE l a b  
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t- 
W :: 
u 
m 
S 
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u 
I 
U 
%? 
0 

~xccEOANCE INlERVAL I N  YEARS 

OKA RIVER AND TRIBUTARIEB 

ALTERNATIVE=ORME CENTRAL ARWNA WATW COMROL m v  

DESIQN=SPF 
D - y w  

TARQET660 .00  CFs MTRNERBELOW CWWENCEwm 
VWDE R M R  (CP 40) 

U S ARMY CORPS OF ENGINEERS 
LOS ANGELES DISTRICT 

TO ACCOMPANY REPORT DATED: 
DL AT# 40 .  
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LXCEEDANCE INTERVAL IN YEARS 

ALTERNATIVE = NRNB 6 O R M  

DE8K3N = 8PF 

TARGET = 60,000 CF8 

QLA RlvEn AND T l w U r A R E O  
~ A R U O N A W A l E R ~ ~ Y  

DlsemGE*-y (;URVE 
HFBWORMe 

W T W V E R B E L O W ~ ~  
VERDEWVER (CP40) 

U S ARMY CORPS OF ENGINEERS 
LOS ANGELES DISTRICT 

TO ACCOMPANY REPORT DATED: 
-I ..e ..a- 
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I X t l  l nANCr I Rl  OllrNCY I'fR Hl1NDRF.D YFAflS . . . . . . . . . . . . . . . . . . .  
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0 
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d 
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4 
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, 10 10 80 KlO zoo 500 ZWO I0.W 2 
EXCtF.OANCF INTERVAL IN YEARS 

ALTERNATIVE = NRNB h ORME 

DESIGN = 8PF 

TARGET = 60.000 CFS 

OIL4 RIVER AH) ~ A R I E B  
CENTRAL ARIZONA WATER CONTROL BTWY 

MSCHAROEfRE-Y URn'Es 
NRNB V 8  ORME 

OtLA RIVER BELOW CONLUENCE 
WITH SALT RIVER (CPlSlO) 

U S ARMY CORPS OF ENGINEERS 
LOS ANGELES DISTRICT 

TO ACCOMPANY REPORT DATED: -. .-- -- 





MTE : OURA TIONS REPRESENT rnREsnoLo OIL* RIVER AND TRIBUTU1LS 
OISCUI RBE, /. E. OISCHARBES W M W  
I R E  EOUILLEO OR EXCEEOEO FOR 
BIYEN OURATION. SEASONAL DISCHARGE 

FREQUENCY CURVES 
DECEMBER THRU APRIL 

QILA RIVER BELOW CONFLUENCE 
w l T n  SALT RIVER (CPISIO) 

U S ARMY CORPS OF ENGINEERS 
LOS ANGELES DISTRICT 

TO ACCOMPANY R E W R T  DATED 

PLATE 22 



LXCttUnNCt II3tOULNCY VLI1 HUNDRED YEARS 

t XCI  tI)ANCE INTFI4VAI. IN Y l A R S  

0 PERIOD-OF-RECORD DISCHARGES 
(w/s.o. D), 

0 BALANCED HYDROGRAPHS (W/S.O.D.), 

, FIX AT ROOSEVELT,HORSESHOE AND BARTLETT 

GILA RIVER AND TRIBUTARIES 
CENTRAL ARIZONA WATER CONTROL STUDY 

DISCHARGE - FREQUENCY CURVE 
S.O.D., Is ADDED W/O FLOOD CONTROL 

SALT RIVER BELOW CONFLUENCE WITH 
VERDE RIVER (CP 40) 

U S ARMY CORPS OF ENGINEERS 
LOS ANGELES DISTRICT 

r0  ACCOMPANY REPORT DATED. -. .-- --. 



- ,.. .- . . . . .. . . -. . . . . -. - 

I , I  1 I In,%%( I I l+l OlJl NCY I ' l l1 HLlNDRlD YEARS 1 

ALTERNATIVE = SOD 1 I I 

A)( AT -1, HORBE%IOE, AN) ~UR~LE~ 

O M  W M R  BELOW COMVENCE 
WITH SALT RIVER (CP-1910) 

U S ARMY CORPS OF ENGINEERS 
L O S  ANQELES D ISTRICT  

PLATE Olb 



PLATE I4. 

I X(.CrOANCF FHrQUENCY I'FR HUNDRED YEARS 

FXCLEDANCE INTERVAL I N  YEARS 

6 PERIOD-OF-RECORD DISCHARGES 
(W/S.O.D.), 

OBALANCED HYDROGRAPHS 
(W/S.0.D.)2 

2 FIX AT ROOSEVELT AND CLIFF 

GILA RIVER AND TRIBUTARIES 
CENTRAL ARIZONA WATER CONTROL STUDY 

DISCHARGE -FREQUENCY CURVE 
S.0.D.2 In ADDED W/O FLOOD CONTROL 

SALT RNER BELOW CONLUENCE WITH 
VERDE RIVER (CP 401  

U S ARMY CORPS OF ENGINEERS 
LOS ANGELES DISTRICT 

TO ACCOMPANY REPORT DATED. 
- .  - ~ 



alu RIVER AND TRWARES 
QNTAAL ARIZONA WATER CONTROL 8 M Y  

ALTERNATIVE = 80D 2 

I W U  RIVER E L O W  C O M E N C E  
W I M  SALT RIVER (CP-1510) I 

11 S A n M Y  C O n P S  O F  ENOINEERS 
P nx AT ROOSEMLT AND CLFF L O S  A N G E L E S  DISTRICT 

PLATE 14b 



I F X C I  EOANCE INTERVAL IN YEARS I 
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I OlLA RIVER AND TRIBUTARIES 1 
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ENTRAL ARKONA WATER COMROL 8TUDY 
ALTERNATIVE = SOD I a SOD 2 

DBamGE-FFiE-Y CLRM WIO FLOOD CONTROL ,,,,,w,nooD comAoL 

. . . . 
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1 ~ A L T  RWER BELOW CONFLUENCE wtTn 
VERDE RNER (CP 40) I 

PLATE PO. 

1 FDI AT R008EVEL1, HORSESHOE, AND BARTLETT 
) FIX AT ROOBEVEL1 AND CLIFF 

- 
U S ARMY CORPS OF ENGINEERS 

LOS ANGELES DISTRICT 
TO ACCOMPANY REPM1T DATED: 



OU RIVER W 7RlBUTARE8 
QNTRAL ARIZONA WAlER CONfRa O M Y  

ALTERNATIVE : : SOD 1 6 SOD 2 -mEQENcY CURMS 
W'O 

D P WIO FLOOD CONTROL 

1 f l X  AT ROOBBVELT. HOROEOHOE, AND BARTLETT 
U S ARMY CORPS OF ENGINEERS 

8 f l X  AT ROO8EVELt AND CLIFF LOS ANGELES DISTRICT 
m ArroUPANV RFRlRT nATFn 

PLATE P l b  
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l XCIEnANCE FREOUENCY PER HUNDRED YEARS I 
I a,., .,,, .,' 
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ALTERNATIVE = NRNB WITH QMRAL ARIZONA WA~ER CONTROL ( I M Y  

AND WITHOUT SOD 2 

DESIQN = 8PF 

TARGET = 60,000 CFS I Q l U  RIVER BELOW C O N U E M  
WITH SALT RIVER (CP-lS10) I 

PIX AT ROOsEVELT AND OLKF 

U S ARMY CORPS OF ENGINEERS 
LOS ANGELES DISTRICT 

TO ACCOMPANY REPORT DATED 

PLATE Olb 



k 

I XCtCDANCE 1 HfOUENCY PER HUNDRED YEARS 

2 
f XCI  EDANCE INTCRVAL IN YEARS 

ALTERNATIVE = ORME WITH 800 2 

DESW = 8PF 

TARQET = 60.000 CF8 

a nx AT ,IWVELT AND a m  

Q U R N E R A N D ~ ~  
w i m ~ ~  ARIZONA WATER CONTR# &Y 

B - Y  CURVE 

WTRNERI)ELOWCOHULNCamm 
KRmWMR @P40) 

U S ARMY CORPS OF ENGINEERS 
LOS ANGELES DISTRICT 

10 ACCOMPANY REPORT DATED: 
-* .*m ..- 



DESIQN = SPF 

TARGET = 60,000 CFS 

) FIX AT ROOBEVELT AND CLIFF 

~~~ ~~ 

U S ARMY CORPS OF ENGINEERS 
LOS ANGELES DISTRICT 

TO ACCOMPANY REPORT DATED: I 
PLATE O U  



f XCCFDANCE FRFOUENCY PER HUNDRED YEARS 

EXCEfOANCE INTERVAL I N  YEARS 

ALTERNATIVE = ORME WITH AND 
w n m x r r m 2  

OE8lQN = 8PF 

TARQET = 50.000 CF8 

8 FIX AT ROO0WEI.T AW CUFF 

Q U R N E R A m ~ A W E B  
CENTRAL ARIZONA WATER CONTROL S M Y  

-yCLRVE 

MLT RVER BELOW Gowuma! wrrn 
WmERVER (040 )  

U S ARMY CORPS OF ENGINEERS 
LOS ANGELES DISTRICT 

TO ACCOMPANY REPORT DATED: 
m. a-. 



I XcrroANcE FREQLJENCY PFR HUNDRED YFARS 

EXCErDANCE INTERVAL IN YEARS 

ALTERNATIVE = ORME WITH 
AND WITHOUT 80D 2 

DESIGN = 8PF 

TARQET = 60,000 CFS 

P FIX AT ROOBEVELT AND CLIFF 

OLA m m  Am lmalTAREB 
QHTRAL ARIZONA WAlER COMROL m y  

m - w y  m s  
OW RIVER BELOW CONRUENCE 

WITH SALT RIVER [CPlSlO) 

U S ARMY CORPS OF ENGINEERS 
LOS ANGELES DISTRICT 

TO ACCOMPANY REPORT DATED: -. .-" -a. 



LXCFEDANCE FREQUENCY PER HUNDRED YEARS 

FXCCEOANCE INTERVAL IN YEARS 

ALTERNATIVE = NRNB 6 ORME 
w r r ~  8 0 ~  2 

DESK3N = 8PF 
TARGET = 60,000 CfS 

I AX AT R0001EVELT AND 

QkA RlVER AN) m - 8  
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Appendix 1 
Local  Flow 

1. Purpose .  

This  appendix p r e s e n t s  a d e t a i l e d  hydro log ic  a n a l y s i s  and r e s u l t s  f o r  t h e  
h y p o t h e t i c a l  c a s e  of complete conta inment  o f  i n f l o w  t o  Roosevelt  and Horseshoe 
Dams. The SPF and d i s c h a r g e  frequency c u r v e s  were d e r i v e d  f o r  t h e  1476 sq. 
m i .  d r a i n a g e  a r e a  below Roosevel t  and Horseshoe Dams ( P l a t e  1-1) f o r  t h e  
fo l lowing  c o n c e n t r a t i o n  p o i n t s :  

a. G r a n i t e  Reef Dam, CP-91 

b. Tempe B r i d g e ,  CP-93 

0. C e n t r a l  Avenue, CP-101 and 

d .  t h e  conf luence of t h e  S a l t  and G i l a  R i v e r s ,  CP-103 

2. DRAINAGE AREA. 

The s t u d y  d r a i n a g e  a r e a  o f  1476 s q .  mi .  exc ludes  t h e  a r e a  w i t h i n  s u b m e a s  
9 and 10 a s  fo l lows .  Subarea  9 nor th  of t h e  P a r a d i s e  Va l l ey  De ten t ion  Dike 
(PVDD) and t h e  s m a l l  d r a i n a g e  a r e a  c o n t r i b u t i n g  to Dreamy Draw Dam w r e  
cons ide red  t o  be non-contr ibutary .  Subarea  10 nor th  of t h e  Grand Canal from 
t h e  Tempe Bridge (CP 93)  cn t h e  east t o  t h e  western  boundary of  t h e  d r a i n a g e  
a r e a  was a l s o  d e l e t e d .  F u r t h e r ,  t h e  remainder o f  d r a i n a g e  a r e a  10 was 
subd iv ided  i n t o  t h r e e  s u b a r e a s  10,  1 1 ,  and 12,  co r respond ing  to C e n t r a l  Ave 
(CP- lo t ) ,  6 7 t h  Ave. (CP-1021, and above t h e  conf luence of t h e  S a l t  and G i l a  
R ivers  (CP-103). Subarea  s i z e s  a r e  inc luded  i n  t a b l e  1 .  

Reasons for t h e  reduced d r a i n a g e  a r e a  fo l low:  

a .  t h e  mst i n t e n s e  r a i n f a l l  from t h e  S tandard  P r o j e c t  Storm (SPS) 
c e n t e r i n g  was comparable to a 2-yr r a i n f a l l  o v e r  most of t h e  C i t y  o f  Phoenix 
and suburbs;  t h e r e f o r e  the PVDD w i l l  c o n t a i n  runof f  i n  s u b a r e a  9. 

b. s i m i l a r y ,  i n  s u b a r e a  10 t h e  r u m f f  w i l l  be con ta ined  by t h e  
Arizona Canal Divers ion  Channel (ACDC), and s i n c e  t h e  remaining c o n t r i b u t o r y  
d r a i n a g e  a r e a  nor th  o f  Grand Canal is t h u s  much reduced,  and t h e  i n t e n s i t i e s  
o f  r a i n f a l l  are low, it was assumed t h a t  t h e  Grand Canal would d e t e r  a l l  
remaining e x c e s s  r a i n f a l l  between t h e  ACDC and t h e  Grand Canal. 

c. i n  a d d i t i o n ,  both  s u b a r e a s  have been B r t h e r  reduced by f lood 
c o n t r o l  s t r w t u r e s - D r e a m y  Draw Dam i n  s u b a r e a  9 ,  and Cave B u t t e s  Dam i n  
s u b a r e a  10. 

3 .  STANDARD PROJECT FLOOD. 

a. Standard P r o j e c t  Storm- The hybr id  1916-1938 S tandard  P r o j e c t  
Storm presen ted  i n  r e f e r e n c e  2 of t h e  main r e p o r t  was adopted a s  t h e  S tandard  
P r o j e c t  Storm f o r  t h e  d r a i n a g e  a r e a  below Roosevel t  and Horseshoe Dams because 
of s e v e r a l  reasons:  



(1 )  to maintain consistency with previously documented COE 
hydrology c i t e d  previously i n  t h e  1957 report .  

(2) because thunderstorm events are too loca l ized  t o  produce 
sustained high peaks a t  the  concentrat ion po in t s  i n  quest ion 
(e.g. t he  June 1972 flood on Indian Bend Wash) due to the  
drainage a rea  s i z e  percola t ion ,  and storage l o s s e s ,  a general 
type p ro jec t  storm bas necessi tated.  

( 3 )  l ikewise,  although general  summer storms have produced l a r g e  
discharges i n  some streams i n  the  watershed above the  p ro jec t  
drainage area  (e.g. t h e  Labw Day 1970 flood on Tonto Creek), 
l o s s  r a t e s  have h i s t o r i c a l l y  been considerably higher  for  
s u m e r  events;  thus rurnff  is reduced considerably compared to 
winter  events ,  which frequently occur a s  follow-up storms with 
antecedent condit ions more conducive to t h e  type of sus ta ined  
flow necessary to produce l a rge  peaks i n  the  S a l t  River near 
Phomix. 

(4) and f inal ly,  t h i s  bas the  most severe runoff-producing general  
winter storm f w  whit31 adequate metecrologic information bas 
a v a i l a b l e  ( t h e  Harch 1978 storm bas s i m i l a r  i n  magnitude and 
g r e a t e r  i n  i n t e n s i t y  i n  some loca t ions ;  preliminary es t imates ,  
however, indicated the  r e s u l t s  would be very s imi la r  to 1916- 
1938 storm r e s u l t s ) .  

Isohyets  of the  1916-1938 storm were centered over the  1476 sq. mi. lower 
Salt-Verde River system to produce the  most severe r a i n f a l l  depths cons i s t en t  
with mrmal  annual and mean seasonal  values i n  t h e  drainage a r e a  (P la t e  7-21. 
Maximum r a i n f a l l  was posi t ioned over the  upper Sycamore Creek and t h e  
mountairnus a rea  cont r ibutary  to the  S a l t  River below Roosevelt Dam. After 
re su l t ing  depths o f  r a i n f a l l  w e r e  determined i n  each subarea, a comparison to 
mean seasonal and mrmal  annual depths of p r e c i p i t a t i o n  was made to &eck the  
v a l i d i t y  of the  s tm transposi t ion.  Subarea depths which were mt  
subs tant ia ted  by the  mrm were adjusted based on the  r a t i o  of storm depth to 
mean seasonal  p rec ip i t a t ion .  The average r a i n f a l l  depth over the  e n t i r e  
drainage area uas s l i g h t l y  wer 7-inches ( t a b l e  1-2). 

The temporal d i s t r i b u t i o n s  o f  r a i n f a l l  i n  t h e  1957 repor t  were based on 
mass m i n f a l l  curves PCP 6-hr i n t e r v a l s .  Because t h e  drainage area and 
subareas i n  t h i s  study were considerably w l l e r ,  response to exaess r a i n f a l l  
would be masked by such long time intervals. Thus 1-hr time increments were 
se lec ted  to adequately def ine  the  u n i t  graphs fcr t h e  subareas. Use of  t h e s e  
mass r a i n f a l l  curves to def ine  1-hr m i n f a l l  p a t t e r n s  r e su l t ed  i n  "averagen 
values based on 6-hr totals. The in t ense  cells ff periods o f  r a i n f a l l  could 
not be infer red  from these average values,  t h u s  runoff was very  moderate. To 
a r r i v e  a t  s u f f i c i e n t  descr ip t ion  o f  1-hr r a i n f a l l  i n t e n s i t i e s  two a p p r o a a e s  
were considered: 

(1) use of regress ion  formulae to compute 1-hr, 2-hr, 3-hr, e t c .  
depths based on given 6-tr  depths re: NOM ATLAS 2 ,  wPrecipitation-Frequency 
At las  of the  Western United S t a t e s m ,  Volume= - Arizona, 
or 



(2)  use of e x i s t i n g  recorded data for use a s  r a i n f a l l  d i s t r i b u t i o n  
pa t te rn .  

Since r e s u l t s  of two recording r a i n f a l l  gages (Ashland and Childs,  
Arizona) were already tabulated i n  1-hr increments f a -  the  Feb-March 1938 
storm, and s ince  the  p ro jec t  storm was a hybird of t h i s  storm, it was 
reasomble  to use  them a s  storm p a t t e r n  ind ica to r s .  Moreover, both gages were 
near the drainage a r e a  i n  t h i s  s tudy,  therefore  t h i s  recorded gage information 
was used to represent  t h e  1-hr r a i n f a l l  pa t te rn .  Examination of t h e  Ashland 
pa t t e rn  and ensuing runoff hydrographs indica ted  it was too severe t o  be used 
a s  a general  drainage area  pat tern.  The Childs'  gage r a i n f a l l  d i s t r i b u t i o n  
was more moderate, produced more reasonable i n t e n s i t i e s ,  and was genera l ly  
similar to the  March 1978 time d i s t r i b u t i o n ,  therefore  it was applied to the  
1476 sq. mi. drainage a r e a  ( t a b l e  7-31. 

Snowfall-snowmelt was m t  considered important due t o  the  general a l t i t u d e  
and temperatures of t h e  drainage area  i n  t h i s  study. 

b. Loss Rates-The HEC1 Loss r a t e  Function in  LADFHP was used with STRKR- 
0.30. DLTKR= 1.00 and RTIOL= 2.00 ( reference  14). Per-cent impervious cover 
(PIM) varied from 5 t o  20 percent depending on mountainous t e r r a i n  and degree 
of urbanizat ion.  

c. Unit Hydrograph-LADFHP was used to determine syn the t i c  u n i t  
hydrographs f c r  t h e  subareas. Lag values were computed based on ii values from 
reference 2 and the  Phoenix Valley and Phoenix Mountain S-graphs a s  
appropriate .  The o the r  measurable basin c h a r a c t e r i s t i c s ,  e.g. s lope ,  and 
stream length were used a s  i n  t h e  miin repor t  except fo r  subareas 9 and 10 
(10 was subdivided i n t o  10, 11, and 12) which had to be del ineated again 
( t a b l e  1-1). I n  the  case of the  l a t t e r ,  t h e  h a r a c t e r i s t i c s  were taken from 
avai lable  topography. 

d. Percola t ion  Losses - Percola t ion  los ses  were not considered t o  be 
c r i t i c a l  f o r  general  winter  storms. The S a l t  River above t h e  Verde River is 
o rd ina r i ly  a s e r i e s  of continuous lakes ;  a flood wave passing through the  
lower S a l t  River reservoi rs  would obviously not percola te  i n  t h i s  reach. 
S imi lar ly ,  the  Verde River below Horseshoe Dam is comprised of a lake  upstream 
o f  B a r t l e t t  Dam aM cont ro l led  r e l eases  from Horseshoe Dam; t h e  Verde River 
b e l w  B a r t l e t t  is a l s o  perennia l  t o  the  S a l t  River; t he re fo re ,  l i t t l e  
percola t ion  is l ike ly .  Below the confluence s i t e  percola t ion  may occur 
e spec ia l ly  downstream of Granite  Reef Dam. However, l o s ses  a t  t h i s  point have 
l i t t l e  effect on l a rge  volume hydrograph peaks. Moreover, s ince  t h e  pro jec t  
storm was t h e  second i n  a s e r i e s  of general  winter  s t o r m ,  it can be argued 
t h a t  moisture requirements were very law - to the  extent  of sa tu ra t ed  
condit ions - thus  r e s u l t i n g  i n  minimal percola t ion  losses .  The main t h r u s t  of 
t h i s  l o c a l  flow study was determination o f  peak discharges,  not volumes. 

e. Routing - The presence of the  four r e se rvo i r s  below Roosevelt and 
Horseshoe Dams precludes exact  knowledge of flood routing because operat ional  
proceedures by SRP g r e a t l y  a f f e c t  the  flood wave. I n  t h i s  study SRP 
reservoi rs  were assumed to be nearly f u l l  a t  t h e  b e g i ~ i n g  of t h e  pro jec t  
storm (30,000 ac- f t  of space was allowed i n  the  S a l t  River hydropower dams) 



and inflow was routed through the  dams using modified Puls  Routing and s torage  - outflow infonuation supplled by SRP. Outflow from B a r t l e t t  Dam was 
lagged 7-hrs through the  reach from the  Verde River to the  S a l t  River based 
on estimated t r a v e l  times. Attenuation o f  B a r t l e t t  Dam outflow was not f e l t  
necessary i n  t h i s  reach because of wet  condit ions and r e l a t i v e l y  fill channel 
due to l a t e r a l  inflow and Sycamore Creek inflow. The combined discharge below 
the  Salt-Verde confluence was routed through t h e  Salt River using modified 
Puls. Storage-outflow re l a t ionsh ips  wre i d e n t i c a l  to those used i n  t h e  main 
repcft ,  with the reaches se lec ted  to approximate l-hr t r a v e l  t imes (because 
the  hydrographs were computed i n  l-hr i n t e r v a l s )  ard provide peak dishcarges 
a t  t he  concentrat ion poin ts .  (See P l a t e  1-3) 

f. Results- The preceeding analys is  resul ted  i n  SPF peak discharges o f  
110,000 c f s  a t  the  confluence of the  Salt-Verde, 90,000 c f s  below Indian Bend 
Wash, and 71,000 c f s  a t  t he  Gila  River. Subarea components and combined 
discharges a t  s e l e c t  concentrat ion po in t s  are included i n  t a b l e  1-4. 

4. DISCHARm FREQUENCY ANALYSIS. 

I a .  General Prcxedure. 

To provide discharge frequency infwmat ion  along the  S a l t  River with no 
contr ibut ion f r a n  t h e  area  above Roosevelt and Horseshoe D a m  t h e  following 
s t e p s  were taken: 

(1) determination of volume frequency re l a t ionsh ips  f o r  the  Verde 
and S a l t  Rivers above the confluence site and Indian Bend Wash 
above the  S a l t  River (at Tempe Bridge).  

(2) analys is  of coincident  discharges between t h e  Verde and S a l t  
Rivers,  and the  Verde River and Indian Bend Wash, t o  determine 
whether any predic table  r e l a t ionsh ip  e x i s t s .  

(3)  der iva t ion  of volume frequency curves fcr the  S a l t  River 
belaw the  confluence with t h e  Verde River based on r e s u l t s  
of ( I )  and (2) above. 

(4 )  der iva t ion  of coincident  Indian Bend volume-frequency curve far 
t h e  combined Verde and S a l t  Rivers discharges. 

(5) production of balanced hydrographs fcr t h e  S a l t  River below the  
Verde River using t h e  War& 1978 flood as a p a t t e r n  hydrograph, 
and volume-frequency curves from ( 3 )  to develop 500-yr, 200-yr, 
100-yr, 50-yr, 20-yr, and 10-yr hydmgmphs. 

( 6 )  s to rage  rou t ing  these hydrogmphs through t h e  S a l t  River to t h e  
Tempe Bridge, t h e  routed peak from each frequency hydroglaph 
represent ing  t h e  n-year peak at  the  concentrat ion poin t  i n  
question. 

Al-4 



(7) p r o d u c t i o n  o f  balanced hydrographs  f o r  I n d i a n  Bend Wash 
d i s c h a r g e  c o i n c i d e n t  w i t h  t h e  Verde River d i s c h a r g e ,  us ing  t h e  
I n d i a n  Bend Wash SPF component hydrograph from t h e  S a l t  River  
SPF as t h e  p a t t e r n  hydrograph; r e t u r n  p e r i o d s  s e l e c t e d  were t h e  
same as i n  (5). 

(8 )  S t o r a g e  r o u t i n g  t h e  combined I n d i a n  Bend Wash-Salt r i v e r  
f requency  hydrographs th rough  t h e  C i t y  o f  Phoenix to t h e  
G i l a  R i v e r ,  w i t h  t h e  r o u t e d  peak from each frequency 
hydrograph r e p r e s e n t i n g  t h e  n-year peak a t  t h e  c o n c e n t r a t i o n  
p o i n t s ;  no l o c a l  inf low was cons idered  t o  a f f e c t  t h e  peaks 
based on r e s u l t s  o f  SPF r u n s  and h i s t c r i c a l  record.  Also ,  
s i n c e  p r e c o l a t i o n  l o s s e s  were ignored ,  it was f e l t  t h a t  t h e  
e x c l u s i o n  of l o c a l  inflow would r e s u l t  i n  g a i n s  b a l a n c i n g  
p e r c o l a t i o n  l o s s e s .  

b. Volume Frequency, Verde River  a t  S c o t t s d a l e .  

The b a s i c  o b j e c t i v e  i n  t h e  d i s c h a r g e  frequency a n a l y s i s  was t h e  e s t i m a t i o n  
o f  l a r g e r  magnitude e v e n t s  wi th  less concern f a '  e v e n t s  near  t h e  mean. 
D e r i v a t i o n  of d i s c h a r g e  frequency c u r v e s  f o r  t h e  c o n c e n t r a t i o n  p o i n t s  a long  
t h e  S a l t  River would r e q u i r e  d i s c h a r g e  f requency in format ion  at  a l o c a t i o n  on 
t h e  S a l t  River  below t h e  conf luence w i t h  t h e  Verde River .  However, no 
streamgages are p r e s e n t  below t h e  confluence.  Also ,  t h e  c l o s e s t  e x i s t i n g  
g a g e s ,  Verde River  at  S c o t t s d a l e  and S a l t  River  below S t e w a r t  Mountain Dam, do 
not d i r e c t l y  d i s p l a y  t h e  in format ion  requ i red  f c r  t h i s  s t u d y ,  s i n c e  streamflow 
r e c o r d s  i n c l u d e  releases from B a r t l e t t  and S t e w a r t  Mountain Dam. Because of 
t h e s e  compl ica t ions ,  it was decided t h a t  t h e  s tudy could be accomplished by 
e s t a b l i s h i n g  volume frequency c u r v e s  f o r  t h e  S a l t  River  below i ts  conf luence  
w i t h  t h e  Verde River ,  p r e p a r i n g  f requency hydrographs from t h i s  d a t a ,  and 
f i n a l l y ,  r o u t i n g  t h e  frequency hydrographs  t o  t h e  G i l a  River ,  a f t e r  combining 
them wi th  I n d i a n  Bend Wash d i s c h a r g e .  

To de te rmine  t h e  volume frequency r e l a t i o n s h i p  f o r  t h e  conf luence s i t e ,  
volume frequency r e l a t i o n s h i p s  fa' t h e  Verde and S a l t  R ivers  upstream of t h e  
s i te were e s t a b l i s h e d .  

The Verde River  volume frequency c u r v e s  were de r ived  by i n t e r p r e t a t i o n  of 
s y s t e m a t i c  r e c o r d s  from t h e  B a r t l e t t  and S c o t t s d a l e  gages.  Annual peak 
recorded d i s c h a r g e s  on t h e  Verde River  a t  S c o t t s d a l e  r a r e l y  reflect flow from 
t h e  i n t e r v e n i n g  d r a i n a g e  a r e a  below Horseshoe Dam, but  r a t h e r  r e l e a s e s  from 
B a r t l e t t  Dam. However, d u r i n g  some o f  t h e  y e a r s  o f  r ecord  t h e  peak a t  
S c o t t s d a l e  was s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  peak r e l e a s e  from B a r t l e t t .  I n  
t h e s e  cases a peak d i s c h a r g e  from t h e  i n t e r v e n i n g  d r a i n a g e  a r e a  was i n f e r r e d  
by t a k i n g  t h e  d i f f e r e n c e  i n  peaks a t  S c o t t s d a l e  and B a r t l e t t  releases and 
a d j u s t i n g  them for losses i n  t r a v e l .  During t h e s e  peak e v e n t s ,  one-day mean 
f lows were s i m i l a r y  computed, and a peak d i s c h a r g e  vs .  I-day d i s c h a r g e  
r e l a t i o n s h i p  was e s t a b l i s h e d .  Then, r e c o r d s  at  B a r t l e t t  Dam wre re-examined 
to l o c a t e  e v e n t s  f w  each water year  when r u m f f  occurred below Horseshoe 
Dam. These 1-day d i s c h a r g e s  tiere compared to prov ide  annual  1-day maxima of 
r u m f f  below B a r t l e t t  Dam. Annual peaks were computed u s i n g  peak vs .  1-day 
r a t i o s  on t h e  Verde River ,  peak vs .  1-day d i s c h a r g e  on Sycamore Creek,  and 



peak discharge on Sycamore Creek vs. peak discharge on Verde R. a t  Sco t t sda le  
a s  guides. Two-day and 3-day duration volumes were determined i n  t h e  same 
fashion. 

During the  time t h i s  study was being done seve ra l  l a r g e  floods occurred on 
t h e  S a l t  and Verde r i v e r  system. A provis ional  hydrograph far. t h e  S a l t  River 
a t  Granite Reef dam for  the flood of March 1978 was compiled by the USGS. 
However, gages i n  the  lower Verde watershed for t h e  Verde River a t  Sco t t sda le  
and Sycamore Creek near F t .  McDowell were washed out  (March 1978). To a r r i v e  
a t  a discharge on t h e  Verde River a t  Scot t sda le  far. t he  March 1978 f lood,  t h e  
hydrograph o f  B a r t l e t t  s p i l l s  and Stewart Mountain outflows were compared t o  
the  hydrograph f o r  t h e  S a l t  River a t  Grani te  Reek Dam. Volumes f o r  1-day, 
2-day, and 3-day flows were computed and lagged appropr ia te ly  and the  
d i f f e rences  i n  volumes were considered to be the  r e s u l t  o f  Verde River r u m f f  
below B a r t l e t t  Dam drainage area .  Following these determinat ions,  t he  peak 
discharge was computed through use of t h e  peak vs.  1-day r a t i o ,  along with 
o ther  peak vs. durat ion information (2-day, 3-day). 

The r e s u l t  was ver i f ied  using Mar& 1978 values f o r  peak discharge vs. 
drainage a rea  r e l a t ionsh ips  determined fo r  s i t e s  on the  Verde River and S a l t  
River f a r  t h e  same flood; add i t iona l  corraborat ion was provided by combining 
l o c a l  peak inflows to B a r t l e t t  Dam, loca l  peaks below B a r t l e t t ,  peak Sycamore 
Creek inflw ard s ide  inflow to t h e  Verde ard est imating t h e  r e su l t ing  peak 
discharge. 

F ina l ly ,  s ince  the  intermediate drainage a rea  between B a r t l e t t  and 
Hoseshoe Dams was not accounted f o r  i n  determining volume information f o r  
years  p r io r  to 1978, these  volumes were adjusted upwards based on March 1978 
r e s u l t s  to account f a -  the  add i t iona l  volume from subarea 3 (DA = 195 sq.  
mi.). 

Then, annual peaks and volumes were p lo t ted  on h q u e n c y  paper using 
Beard's (median) p l o t t i n g  pos i t ions ,  with t h e  1978 r e s u l t s  considered t o  be 
the  l a rges t  event s ince  1916 a f t e r  examination of h i s t o r i c a l  meteorologic and 
hydrologic data. Graphical curves were then fit to t h e  data ( p l a t e  1-4). 

c .  Volume Frequency, S a l t  River below Stewart  Mountain Dam. 

A s imi l a r  ana lys i s  was made fa-  t h e  S a l t  River, but complicated by s to rage  
and re l eases  from the  th ree  r e se rvo i r s  below Roosevelt Dam (Horse Mesa, Mormon 
F l a t ,  and Stewart Mountain). Daily s torages,  inf lows to Roosevelt from Tonto 
Creek and the  S a l t  River, and releases from Stewart Mountain uere examined. 
Any evidence o f  abrupt  system changes were i n d i c a t o r s  o f  rurnff  events. After 
prel iminary screening,  data from SRF' for hourly operat ion on dates suggested 
by screening was requested. This i n f m a t i o n ,  when ava i l ab le ,  was then used 
t o  compute hourly runoff values f o r  the  S a l t  River below Roosevelt Dam. men 
only & i l y  mean r u m f f  data %as ava i l ab le ,  t h e  Verde River peak vs. 1-rhy 
r a t i o s  were used to ad jus t  t he  d a i l y  flows ( t h e  few a c t u a l  peak vs. 1-day S a l t  
River flows f i t  t h e  Verde River data ueI1). Complete hourly ope ra t iona l  
information far. the  March and December 1978 f loods  ms furnished by SRF', and 
s imi la r  to the  Verde River ana lys i s ,  t h e  March 1978 event bas concluded to be 
the  l a rges t  s ince  1916. The annual maxima were then p lo t t ed  using Beard's 



p l o t t i n g  pos i t i ons ;  t h e  ana lys i s  d i f f e r e d  somewhat from the  Verde ana lys i s  i n  
t h a t  record s i n c e  1938 kas used, but annual maxima values were not obvious 
from recorded data  for the e n t i r e  period of record. The years  when annual 
maxima were unavai lable  were presumed to contain mn-zero flows of l e s s  
quan t i ty  than the  years when maxima were ava i l ab le .  Since t h e  primary 
i n t e r e s t  has i n  events  considerably g r e a t e r  than annual means, t h i s  was not 
considered to be misleading. Available events *re ranked and p lo t ted  
according to t h e  number of  poss ib l e  years  o f  record and the  unknown, non-zero 
annual maxima were ignored. F ina l ly ,  g raph ica l  curves were f i t  to the data 
( P l a t e  1-5). 

d. Coincident Analysis ,  Verde River and S a l t  River. 

To derive volume frequency curves fcr the  ungaged confluence of the  Verde 
River and S a l t  River,  t h e  volume frequency curves f o r  the  Verde and S a l t  
Rivers es tab l i shed  i n  4-b and 4-c ( p l a t e s  1-4, 7-51 had t o  be combined i n  some 
hay. The concept employed to achieve t h i s  goal  is summarized thus: 

Since t h e  Verde River drainage area  represents  the  focus or geographical 
cen te r  o f  the S a l t  River bas in  being s tud ied ,  and s i m i l a r l y ,  s ince  a storm 
causing s i g n i f i c a n t  r u m f f  over t h e  Verde River basin would l i k e l y  be l a r g e  
enough i n  a r e a l  d i s t r i b u t i o n  and magnitude of  p r e c i p i t a t i o n  t o  produce runoff 
i n  I nd i an  Bend Wash and/cr t h e  S a l t  River, it was decided to use t h e  Verde 
River runoff ana lys i s  a s  a pivot  for  determination of any coincident  flow from 
t h e  S a l t  River a s  we11 a s  Indian Bend Wash. Use i n  a p ivo ta l  concept of 
e i t h e r  Indian Bend Wash, a much smal le r  drainage a rea  which is charac ter ized  
by r u m f f  from smaller  l o c a l  storms, cr t h e  S a l t  River,  whose headwaters and 
major ra infa l l - runoff  producing t e r r a i n  is f a r  removed from Indian Bend Wash, 
would not produce coincident  flow of any p red ic t ab le  magnitudes or 
p robab i l i t y .  I n  add i t ion ,  because only t h e  l a r g e r  events  (more r a r e )  were 
f e l t  to be c r i t i c a l  to t h i s  ana lys i s ,  and s ince  it seemed obvious t h a t  t h e  
l a r g e r  the runoff even t ,  t h e  g r e a t e r  i n  depth and a r e a l  ex ten t  the storm tha t  
spawned it would be, ( e spec ia l ly  because snowmelt is not a cons idera t ion)  use 
of the c e n t r a l  a r ea  to hinge t h e  ana lys i s  is more v iable .  

Actual mechanization of  the  c e n t r a l  pivot  concept involved determination 
o f  volume frequency curves for the  Verde River and t h e  S a l t  River ( p l a t e s  1-4, 
and 1-5) and coincident  discharge curves f o r  Verde River and S a l t  River 
( p l a t e  1-61. The l a t t e r  were based upon the  S a l t  River discharge coincident  
with t h e  Verde River annual peak; t h i s  ana lys i s  was performed i n  a one-sided 
manner for seve ra l  bas i c  reasons: 

(1 )  t h e  previously explained c e n t r a l  - pivot  concept. 

(2 )  the  d i f f i c u l t y  i n  determining peaks on t h e  S a l t ,  a s  
previously mentioned. 

( 3 )  the  des i r e  for  an annual s e r i e s  r a t h e r  than p a r t i a l  
durat ion s e r i e s .  



For t h i s  ana lys i s  it was hypothesized t h a t  for smal ler  runoff events ,  i.e. 
those near the  mean, t h e  storm spawning the  r u m f f  would be small i n  a r e a l  
ex tent  and r n t  produce any s i g n i f i c a n t  runoff from adjacent  drainage areas .  
However, a l a r g e  runoff event,  e.g. a 100-yr. f lood,  would l i k e l y  r e s u l t  from 
a la rge  storm h i c h  would a l s o  produce runoff on adjacent  drainages. 
Therefore, it was concluded t h a t  the  l a r g e r  t h e  storm (ergo, the  runof f ) ,  t h e  
g rea te r  the p robab i l i ty  o f  coincident  runoff ( p l a t e  1-7). ' h e  assumption was 
made t h a t  the  co r re l a t ion  f w  extreme events approached 1.0, while fcr small  
events it was 0.0 by t h i s  same logic .  H i s t o r i c a l  information confirms t h i s  
conclusion i n  a q u a l i t a t i v e  sense. The problem uas quant i fy ing  a r e l a t ionsh ip  
f o r  t he  p robab i l i ty  of an event occurring on the  S a l t  River given the  
occurrence of an event on t h e  Verde River, i . e .  Pr  (E2/E1). 

This d i f f i c u l t y  was overcome through the  use of two extreme analyses- 
complete indep endence and complete dependence ( p l a t e  1-7), i .e. c o r r e l a t i o n  
= 0.0 and correlat ion.  1.0. For the l a t t e r  case another curve ind ica t ing  
discharge on t h e  S a l t  River a s  a function of discharge on t h e  Verde River was 
developed (p la t e  1-6 ) .  Afterward, a coincident  p robab i l i ty  curve was 
developed fcr e a &  extreme by the  following approaches: 

( a )  complete dependence (more r a re  events)  - A p robab i l i ty  of an 
event on t h e  Verde River being equalled a- exceeded was 
se l ec ted ,  e.g. Pr  (E 2 E1)=.O1; the  discharge,  E l ,  associated 
with t h i s  p robab i l i ty  was then taken from the  discharge 
frequency curve ( p l a t e  1-41. Using t h i s  discharge, t h e  
dependent S a l t  River discharge was estimated ( t a b l e  1-5a and 
p l a t e  1-61, E2. Since the  discharge from the Verde River, El,  
is t h e  100-yr discharge,  and t h e m  is complete c o r r e l a t i o n  
(assumed) between E l  and E2, t h e  S a l t  River coincident 
d ischarge ,  then the  100-yr discharge on t h e  S a l t  River below t h e  
Verde River is E +E2. This same approach was r e i t e r a t e d  Tor 
o ther  values o f  J r, and E ,  t he  r e s u l t s  were p lo t ted  on frequency 
paper, and a smooth curve was drawn th ru  the  data ( p l a t e  1-8). 

(b )  complete independence (frequent  events)- Fcr t h i s  approach, 
considered a s  the  lower l i m i t  fo r  discharge frequency, it was 
assumed t h a t  an event on t h e  Verde would occur with m 
coincident  S a l t  River f lw, or an event on the  S a l t  River would 
occur with g coincident  Verde River flow. This s i t u a t i o n  
could be described i n  t h e  following manner: an  observer located 
j u s t  downstream from the  confluence of t h e  Verde and S a l t  Rivers 
might measure an event ,  E,  on the  S a l t  River which emanated 
e n t i r e l y  fm t h e  Verde r i v e r .  The flow would have a re tu rn  
period o f  n l  times per 100-yrs on t h e  Verde River. S imi la r ly ,  
t he  observer  might measure t h e  same event,  E, which ras t h e  
result e n t i r e l y  o f  S a l t  River discharge, and would have a r e t u r n  
period o f  n2 times pe r  100-yrs. Thus the  frequency of t h i s  
event ,  E, occurr ing on the  S a l t  River below the  confluence with 
t h e  Verde River would be t h e  sum of nl+n2 times pe r  100-yrs 
( t a b l e  1-6a). This would be a minimum value s ince  it is obvious 
t h a t  t h i s  event ,  E, could r e s u l t  f r o m  combinations of flow from 
both the  Verde and S a l t  Rivers which would increase t h e  
probabi l i ty  o f  E being equal led  w exceeded. 



Thus,  a curve r e p r e s e n t i n g  complete ly  independent (non-coincident)  flow 
was der ived  by s e l e c t i n g  an e v e n t ,  E ,  as desc r ibed  above,  a d  us ing  t h e  
d i s c h a r g e  frequency c u r v e s  f o r  t h e  Verde River  and S a l t  River  ( P l a t e s  1-4, 
1-5) to determine t h e  f requency o f  occur rence ,  n l  and n2 r e s p e c t i v e l y ,  f o r  a 
given time p e r i o d ,  e.g. 100-yrs. 'he combined d i s c h a r g e  frequency curve  fo r  
t h e  S a l t  River  below t h e  conf luence  wi th  t h e  Verde River  is determined by 
p l o t t i n g  t h e  d i s c h a r g e ,  E, v e r s u s  t h e  sum o f  t h e  frequency of occur rence ,  n,  .t 

n ; a series o f  d i s c h a r g e s  were examined, p r o b a b i l i t i e s  determined,  d i s c h a r g e s  
p f o t t e d ,  and a smooth curve  drawn through them ( p l a t e  1-61. 

It may be observed t h a t  t h i s  a l t e r n a t e  approach,  complete independence o r  
non-coincidence,  amounts to mutual e x c l u s i v i t y .  The a n a l y s i s ,  however, is 
r e a s o r a b l e  from t h e  r a i n f a l l - r u m f f  approach desc r ibed  p rev ious ly .  That  is, 
f o r  smal l  e v e n t s  ( d i s c h a r g e  near  t h e  mean annua l  d i s c h a r g e ) ,  t h e  s torm 
r e s u l t i n g  i n  such f low is l i k e l y  to be mall  i n  a r e a l  e x t e n t ,  t h e r e f o r e  r u n o f f  
from a s i n g l e  b a s i n  caus ing  t h e  peak becomes more l i k e l y .  Also,  it should be 
noted t h a t  t h i s  approach ( m n - c o i n c i d e n t  d i s c h a r g e )  was used to e s t a b l i s h  t h e  
curve  f o r  more f r e q u e n t  e v e n t s  ( n e a r  t h e  mean). 

The composite d i s c h a r g e  f requency curve fcr  t h e  combined Salt-Verde R i v e r s  
was determined by u s e  of t h e  extreme a n a l y s i s  r e s u l t s  ( p l a t e  1-6). The two 
curves  were used to r e p r e s e n t  upper and lower l i m i t s  of d i scharge  f requency 
and a t r a n s i t i o n  zone between t h e  two limits was assumed. The d i s c u s s i o n  of 
t h e  reasons  f r r  t h e  upper and lower l i m i t s  has  been p resen ted  p r e v i o u s l y ;  t h e  
e x a c t  t r a n s i t i o n  is somewhat a r b i t r a r y ,  b u t  m t  p a r t i c u l a r l y  s e n s i t i v e  s i n c e  
upper l i m i t  v a l u e s  were o f  prime concern i n  t h i s  r e p o r t .  

Other  & r a t i o n s  were computed by a s i m i l a r  a n a l y s i s ,  b u t  r a t h e r  than use 
c o i n c i d e n t  curves  f r r  d u r a t i o n s  o t h e r  t h a n  peaks  (which curves  proved t o o  
ambiguous),  t h e  Verde River  volume frequency c u r v e s  were used a long  wi th  t h e  
dura t ion  flows expec ted  f w  t h e  f requency peak on t h e  S a l t  River .  The r e s u l t s  
are shown on p l a t e s  1-9 and 1-10. 

e. Frequency Hydrographs,  S a l t  River  below t h e  Verde River  to t h e  
Tempe Bridge.  

The volume frequency c u r v e s  ( p l a t e  1-91 were used a long  wi th  t h e  March 
1978 f lood hydrograph o f  i n f l o w  t o  S t e w a r t  Mountain Dam ( a s  computed from 
s t o r a g e - r e l e a s e  in format ion)  a s  t h e  p a t t e r n  hydrograph t o  determine n-year 
balanced hydrographs. T h i s  even t  was s e l e c t e d  because it was 1 )  h i s t o r i c a l ,  
t h u s  a c t u a l l y  had o c c u r r e d ,  2 )  documented, and 3 )  t h e  most severe  f lood known 
to have occured s i n c e  1916, and t h u s  r e p r e s e n t i n g  t h e  shape of a s e v e r e  
hydrograph. The balanced hydrograph computer program ms used t o  determine 
500-, ZOO-, loo-, 50-, XI-, and 10-yr f requency  hydrographs. These 
hydrographs  were then rou ted  s u c c e s s i v e l y  through 3 r e a c h e s  u s i n g  Modified 
P u l s  rou t ing .  The reach l e n g t h s  were c o i n c i d e n t  wi th  CP-91, CP-92, and CP-93, 
and were determined such t h a t  t h e  t r a v e l  time equa l led  1-hr, t h e  hydrograph 
i n t e r v a l ;  s torage-outf low r e l a t i o n s  were t h o s e  documented f a .  t h e  main 
r e p o r t .  Routed peaks were assumed to r e p r e s e n t  t h e  n-year frequency 
d i s c h a r g e  a s s o c i a t e d  wi th  e a &  f requency  hydrograph. R e s u l t s  a r e  shown on 
p l a t e  1-17, 1-12, and 1-13. A s  p r e v i o u s l y  s t a t e d ,  no p e r c o l a t i o n  l o s s e s  mr  
l o c a l  i n f l o w s  were used.  



f. Coincident Analysis-Verde River and Indian Bend Wash. 

The same approach was attempted t o  c o r r e l a t e  discharge on the  Verde River 
with Indian Bend Wash discharge. However, s i n c e  t h e  Verde River flow was now 
combined with S a l t  River flow, a modification was necessary. 

To begin wi th ,  t h e  discharge frequency curve f o r  Indian Bend Wash was 
taken from tabulated values i n  the  Phase 2 GDM f o r  Indian Bend Wash f o r  
CP-1101, Indian Bend Wash near  Tempe Bridge. The 10, 25, 50, and 100-yr 
discharges were p lo t ted  on frequency paper and a smooth curve f i t t e d  through 
them. To a r r i v e  a t  volumes, annual peak discharges and 1-day, 2-day, and 
3-day simultaneous flows were tabulated.  Relat ionships between these  flows 
were es tabl i shed and these  r e l a t ionsh ips  were used t o  compute 1-day, 2-day, 
and 3-day volumes t o  coincide with t h e  peak frequency discharges. The 
r e su l t ing  volume frequency curve is shown on p l a t e  1-14. 

Following t h i s ,  a coincident  Indian Bend Wash and Verde River discharge 
curve was prepared from h i s t o r i c a l  d a t a ,  using t h e  SPF r e s u l t s  a s  a gu ide l ine  
( p l a t e  1-15). 

Next, n-year discharges on t h e  Verde River were tabula ted  vs. t h e  
coincident discharge on Indian Bend Wash from p l a t e  1-15. A s  i n  t h e  Verde- 
S a l t  coincident  flow ana lys i s ,  flows of l d a y ,  2 4 a y ,  and 3 4 a y  dura t ions  
associa ted  with t h e  peaks on Indian Bend Wash were a l s o  tabulated.  However, 
combination of these n-year discharges was handled d i f f e ren t ly .  The extremes 
o f  complete dependence and independence were again examined ( t a b l e s  1-5b, 
1-5c). Rather than use the  Verde River a s  t h e  p ivo t ,  t h e  combined and routed 
n-year hydrographs on the  S a l t  River above Indian Bend Wash, CP-93, were 
used. This is cons i s t en t  w i t h  t h e  a n a l y t i c a l  approach taken throughout; t h e  
switch i n  p ivots  was done f o r  purposes of combining Indian Bend Wash 
discharges with S a l t  River discharges t a b l e s  1-5c, 1-6b). Moreover, while t h e  
S a l t  River discharge,  and discharge frequency curves were used f o r  combination 
purposes, t h e  S a l t  River n-year hydrographs were determined by use o f  t h e  . 
Verde River a s  c e n t r a l  p ivo t ,  t he re fo re ,  the  Verde River was still i m p l i c i t l y  
t h e  focus f o r  t h e  analys is .  Results  of t h e  S a l t  River-Indian Bend Volume 
Frequency a n a l y i s i s  and development a r e  shown i n  p l a t e s  1-16 through 1-19. 

g. Frequency Hydrographs, S a l t  River Below t h e  Tempe Bridge 
.I t o  t h e  confluence with t h e  Gila River. 

The volume frequency curves f o r  t h e  S a l t  River below t h e  Tempe Bridge 
( p l a t e  1-18) were used t o  determine n-year peak discharges,  and 1-day, 2-day, 
and 3 4 a y  flaws. P a t t e r n  hydrographs based on t h e  routed n-year hydrographs 
o f  t h e  S a l t  River a t  CP-93 (above t h e  Tempe Bridge) were used t o  determine the  
shape o f  the  n-year hydrographs of t h e  S a l t  River below t h e  Tempe Bridge 
through use  o f  the  Balanced Hydrograph program. The r e s u l t i n g  500-yr, 200-yr, 
100-yr, 50-yr, 20-yr, and 10-yr hydrographs, were then routed through t h e  City 
o f  Phoenix i n  t h r e e  reaches us ing  Modified Puls  rout ing .  A s  i n  reaches 91-93, 
lengths were determined by t r a v e l  time, and ~ t ~ r a g e - ~ ~ t f l ~ w  r e l a t i o n s  from t h e  
main repor t .  Again, routed peaks were assumed t o  represent  the  n-year 
frequency hydrograph ( p l a t e s  1-20 through 1-22). Also, as has been mentioned 
previously; no percola t ion  nor l o c a l  inflow was assumed. 



Subarea D.A 
NO. (sq-mi.) 

TABLE 1-1 

Subarea Unit Graph Characterist ics  
S a l t  River Basin 

L 'ca Slope Bn 
(mi.) (mi.) (ft/mi.) Value 

Phoenix Mountain 

Phoenix Mountain 

Phoenix Mountain 

Phoenix Mountain 

Phoenix Mountain 

Phoenix Mountain 

Phoenix Mountain 

Phoenix Valley 

Phoenix Valley 

Phoenix Valley 

Phoenix Valley 



1 TABLE 1-2 

Subarea Standard Project S t m  (SPS) Precipitation 

S a l t  River Basin 

Total Total 
Subarea No. D.A .  Incident Rainfall Effective Rainfall 

(sq.mi.1 ( i n )  ( i n )  



TABLE 1-3 

Subarea Rainfall Pattern 
Incremental Hourly Depths i n  Percent of Total Rainfall 

P e r i o d ( 1 )  ( 2 )  (3)  (4) (5) ( 6 )  (7 )  (8 )  (9) (10) 

-04 .03 .O3 .03 .03 .03 .02 .01 .OO .OO 

(11) 0. 0. .00 0. 0. 0. 0. 0. 0. 0. 

(21 ) 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

(31) 0. 0. 0. 0. 0. 0. 0. 0. .OO 0. 

(41) -00 .OO .OO .OO .OO . .01 .01 .OO .01 .OO 

(51) -00 0. 0. 0. 0. 0. 0. 0. 0. 0. 

(61) 0. 0. 0. 0. 0. 0. 0. 0. 0. .OO 

(71) . 00 .02 .03 .03 .03 .03 .03 .03 .02 .02 

(81) .02 .OO 0. 0. 0. 0. 0. 0. 0. 0. 

(91) 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

(101) 0. .OO .03 .07 .W .03 .02 .01 .01 .02 

(111) .09 .ll .02 0. 0. 0. 0. 0. 0. 0. 

.I 

(I 



LOCATION 

Inflow t o  Horse Mesa 
Inflow to Mormon F l a t  

I n f l o w  to Stewart Mtn 

TABLE 1-4 

Subarea SPF Component Discharges i n  c f s  

I n f l c u  below Stewart Mtn. 
In f low to B a r t l e t t  
I n f l o w  t o  Verde below B a r t l e t t  
Sycamore Creek 

Indian Berd Wash 
Below IBW 

~ n f i o w  f r m  c i t y  of phoenix 
(Subareas 10-12) 

a - r e s u l t  of combination 
a f t e r  r e se rvo i r  rout ing 
W/ 10,000 ac-f t  space 
a v a i l a b l e  a t  each s a l t  
River reservoir .  

b - SPF values 

CP SUBAREA SPF COMPONENT 
( c f s )  

DISCHARGE 
( c f s )  ' 

- 
29, 900a 

38, OOoa 



TABLE 1-5a 

COINCIDENT DISCHARGE FREQUENCY 
DEPENDENT ANALYSIS 

Salt River with V e r d e  R i v e r  

VERDE R. SALT R .  
Q (cfs) Q (cfs) Q (cfs) 





TABLE 1-5c 

Q Peak 
P r  ( c f s )  

,002 59,733 

.005 43,130 

.010 33,955 

.020 25,714 

.050 16,882 

.lo0 11,016 

COINCIDENT DISCHARGE FREQUENCY 
DEPENDENT ANALYSIS 

SALT RIVER AT TEMPE BRIDGE DEPENDENT ANALYSIS - INDIAN 
BEND WASH, ASSOCIATED Q's 

Q1-Day Q2-Day Q3-Day Q P e a k  Ql-Day Q2-Day 
( c f s )  ( c f s )  ( c f s )  ( c f s )  ( c f s )  ( c f s )  





Peak 
Q (c f s )  

60,000 

49,000 

38,000 

28,500 

18,000 

12,100 

7,200 

2,500 

TABLE 1-6a 

COINCIDENT DISCHARGE FREQUENCY 
INDEPENDENT ANALYSIS 

Salt  River with Verde River 

Exceedence 
Per 100 Yrs 

.28 + .02 

.5 + .14 

1 + .M 

2 + 1.6 

5 + 5.8 

10 + 12.5 

20 + 27 

50 + 49 

Combined 
Exceedence 
Per 100 Yrs 

-30 

.69 

1.5 

3.6 

10.8 

22.5 

47 

99 



P 

TABLE 1-6b 
? 

COINCIDENT DISCHARCie FREQUENCY 
COMBINED RESULTS - INDEPENDENT ANALYSIS 

CP-93, SALT RIVER + INDIAN BEND WASH AT TEWE BRIDGE f 
Combined Combined Combined Combined 

Q peak Exceedences Q 1-Day Exceedences Q 2-Day Exceedences Q 3-Day Exceedences 
(c fs )  Per 100 Yrs (c fs )  Per 100Yrs (c fs )  Pe r100Yrs  ( c f s )  P e r 1 0 0 Y r s  

73,000 0. la+.17b= -27' 40,000 .I+. 00.. 10 26,000 .1+.00=. 10 19,500 .1+.00=. 10 ? 
60,000 0.2+.25=.45 34,000 .2+.00=.20 22,000 .2+.00=.20 16,500 .2+.00=.20 

43,000 0.5+.49=.99 26,000 .5+.01=.51 16,500 .5+.00:.50 12,500 .5+.00=.50 

34,000 1+.8=1.80 M ,500 1+.027=1.03 13,000 1+.01=1 .O1 10,000 1+.00=1 .OO 

25,500 2+1.36=3.36 15,500 2+.06:2.06 9,800 2+.03=2.03 7,400 2+.01:2.01 

? 

16,500 5+3.2=8.2 10,200 5+.18=5.18 6,200 5+.09=5.09 4,600 5+.07=5.07 

11,200 10+6=16.0 6,600 10+.43=10.43 4,000 10+.28=10.28 2,950 10+.23:10.23 

7,000 20+12=32.0 3,800 20+1.1=21.10 2,300 20+.78=20.78 1,600 20+.78=20.78 

t 

2,900 50+34=84.0 1,200 50+5.2=55.2 720 504=54.00 480 50+4.3=54.30 

a - 1st  exceedence i n  each case represents the f'mquency of the event, i.e., the 
referenced peak discharge, i n  the  Sa l t  River above CP-93. '! 

- 2nd exceedence i n  each case represents the frequency of the event, i.e., the 
referenced peak discharge, i n  I d i a n  Bend Wash above CP-93. 

- 3rd exceedenoe i n  each case represents the Mependently combined discharge, i n  the 
Sa l t  River belar  8-93. 9 

9 

1 

9 

-C 
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Appendix 2 ? 
Intermediate Projec t  Condition Results, Stage I1 

2-1. Purpose. 

This sec t ion  has been included i n  arder  to present  previously 
published r e s u l t s  of t h e  Stage  I1 hydrologic study. These include only those  

T 
Stage I1 r e s u l t s  which were modified or screened-out &r ing  Stage 111. 'he  
discussion of t h e  purpose a d  methods f m  development of these  intermediate 
r e s u l t s  is included i n  sec t ion  8 o f  the  main repor t .  
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TABLE 2-la 

PROJECT CONDITIONS 

RESULTS OF DISCHARGE FREQUENCY ANALYSIS 

SALT R I V E R  BELOW CONFLUENCE WITH VERDE R I V E R  (CP4O) 

Peak Discharge, c f s  
Design Design 
f 1 ood t a r g e t  Frequency, y r s  . 
(yrs . )  ( c f s )  500 200 100 50 20 10 

1. Exis t ing  condit ions N/A N/A 360,000 290,000 245,000 175,000 141,000 102,000 

2. P ro jec t  condit ions A 1  t e rna t ives  

a. S t r u c t u r a l  elements: 
New Roosevelt = NR 
New Horseshoe = NH 
New B a r t l e t t  = NB 
C l i  f f = NE 
Confluence = ORME 

b. Reregulation 
elements: 

Rwsevel t  = R 
Horseshoe : H 
B a r t l e t t  = B 

NR 50 150,000 350,000 265,000 205,000 150,000 141,000 102,000 
Note: N/A = not applic-  NH 275,000 220,000 185,000 150,000 141,000 102,000 

a b l e  NB 285,000 225,000 185,000 150,000 141,000 102,000 
ORME 355,000 270,000 215,000 150,000 141,000 102,000 
NR+NH 345,000 265,000 210,000 150,000 141,000 102,000 



TABLE 2-1 b 

PROJECT CONDITIONS 

RESULTS OF DISCHARGE FREQUENCY ANALYSIS 

SALT R I V E R  BELOW CONFLUENCE WITH VERDE RIVER (CP4O) 

Peak Discharge, cfs 
Design Design 
f 1 ood t a r g e t  Frequency, yrs .  
(yrs .1 ( c f s )  500 200 100 50 20 10 

1 . Exis t ing  condit ions N/A N/A 360,000 290,000 245,000 175,000 1'41,000 102,000 

2. P ro jec t  condit ions A 1  t e rna t ives  

a .  S t r u c t u r a l  elements: 
New Roosevelt n NR 
New Horseshoe = NH 
New B a r t l e t t  : NB 
C l i f f  = NB 
Confluence = ORME 

b. Reregulation 
elements : 

Roosevelt = R 
Horseshoe = H 
B a r t l e t t  : B 

Note: N/A : not applic- 
a b l e  

Not mq- 
u i  red 
NH 
NB 
ORME 

SAME AS EXISTING CONDITIONS 

50-yr flood for e x i s t i n g  condit ions is only 175,000 c f s .  
a With e x t r a  storage. 

With flood cont ro l  o u t l e t s .  



TABLE 2-lc  

PmJECT CONDITIONS 

RESULTS OF DISCHARGE FREQUENCY ANALYSIS 

SALT R I V E R  BELOW CONFLUENCE WITH VERDE R I V E R  (CP4O) 

Design 
flood 
(yrs.1 

1. Exis t ing  condit ions N/A 

2. Pro jec t  condit ions A 1  t e rna t ives  

a .  S t r u c t u r a l  elements: NR 100 
New Roosevelt r NR NH 
New Horseshoe r NH NB 
New B a r t l e t t  z NB ORME 
C l i f f  r N B  NR+NH 
Confluence = ORME NR+NB 

R+B 
b. Reregulation elements: 

Roosevelt = R NR 100 
Horseshoe = H NH 
B a r t l e t t  = B NB 

ORME 
NR+NH 

Note: N/A = not appl ic-  NR+NB 
a b l e  R 

Peak Discharge, c f s  
Design 
t a r g e t  Frequency, yrs .  
( c f s )  500 200 100 50 20 10 



TABLE 2-ld 

PROJECT CONDITIONS 

RESULTS OF DISCHARGE FREQUENCY ANALYSIS 

SALT RIVER BELOW CONFLUENCE WITH VEFDE R I V E R  (CP4O) 

Peak Discharge, c f s  
Design Design 
flood t a r g e t  Frequency, yrs .  
( y r s )  ( c f s )  500 200 100 50 20 10 

1. Exis t ing  condit ions N / A  N / A  360,000 295,000 245,000 175,000 14 1,000 102,000 

2. P ro jec t  condit ions A 1  t e rna t ives  

a .  S t r u c t u r a l  elements: 
New Roosevelt = NR 
New Horseshoe = NH 
New B a r t l e t t  r NB 
C l i f f  = NB 
Confluence = ORME . 

b. Reregulation 
elements: 

Roosevelt = R 
Horseshoe = H 
B a r t l e t t  = B 

Note: N/A = not applic-  
a b l e  

SPF 100,000 210,000 
185,000 
190,000 

SPF 150,000 195,000 
255,000 
255,000 
270,000 
225,000 
190,000 

a With e x t r a  s torage.  
W i t h  flood con t ro l  o u t l e t s .  



TABLE 2-le 

PROJECT CONDITIONS 

RESULTS OF DISCHARGE FREQUENCY ANALYSIS 

SALT RIVER BELOW CONFLUENCE WITH VERDE R I V E R  (CP4O) 

Design 
f 1 ood 
( y r s )  

1. Exis t ing  condit ions N/A 

2. P ro jec t  condit ions A 1  t e r n a t i v e s  

a .  S t r u c t u r a l  elements: NR SP F 
New Roosevelt = NR NH 
New Horseshoe = NH NB 
New B a r t l e t t  = NB ORME 
C l i f f  = NB NR+NH 
Confluence -0Rt-E NR+NB 

R+H+B 
b. Reregulation elements: 

Roosevelt = R 
Horseshoe = H 
B a r t l e t t  = B 

Peak D i s c h a r ~ e ,  c f s  
Design 
t a r g e t  Frequency, yrs .  
( c f s )  500 200 100 50 20 10 

Note: N/A = not applic-  
a b l e  



TABLE 2-2a 

PROJECT CONDITIONS 

RESULTS OF DISCHARGE FREQUENCY ANALYSIS 

SALT RIVER ABOVE CONFLUENCX WITH GILA RIVER (CP113) 

Peak Discharge, c f s  
Design Design 
f 1 ood t a r g e t  Frequency, yrs .  
( y r s )  ( c f s )  500 200 100 50 20 10 

1. Exis t ing  condit ions N / A  N / A  310 ,OO 250,000 185,000 145,000 125,000 85,000 

2. P ro jec t  comlitions A 1  t e rna t ives  

a. S t r u c t u r a l  elements: 
New Roosevelt 1: NR 
New Horseshoe = NH 
New B a r t l e t t  = NB 
C l i f f  t N B  
Confluence = ORME 

b. Reregulation 
elements: 

Roosevelt = R 
Horseshoe r. H 
Bartlett = B 

NR 50 150,000 285,000 225,000 180,000 130,000 125,000 85,000 
NH 230,000 185,000 160,000 130,000 125,000 85,000 

Note: N / A  : not appl ic-  NB 235,000 190,000 160,000 130,000 125,000 85,000 
a b l e  ORME 290,000 230,000 180,000 130,000 125,000 85,000 

NR+ NH 285,000 225,000 180,000 130,000 125,000 85,000 



TABLE 2-2b 

PROJECT CONDITIONS 

RESULTS OF DISCHARGE FREQUENCY ANALYSIS 

SALT R I V E R  ABOVE CONFLUENCE WITH GILA R I V E R  (CP113) 

Peak Discharge, c f s  
Design Design 
flood t a r g e t  Frequency, yrs.  
( y r s )  ( c f s )  500 200 100 50 20 10 

1. Exis t ing  condit ions N/ A N/A 310,000 250,000 185,000 145,000 125,000 85,000 

Pro jec t  condit ions A 1  t e rna t ives  

a .  S t r u c t u r a l  elements: 
N e w  Roosevelt = NR 
New Horseshoe = NH 
New B a r t l e t t  = NB 
C l i f f  = NB 
Confluence = ORME 

b. Reregulation 
elements: 

Roosevelt = R 
Horseshoe H 
B a r t l e t t  : B 

Note: N / A  = not applic-  
a b l e  

Not req- 
u i  red 

SAME AS EXISTING CONDITIONS 

a With e x t r a  storage. 
With flood con t ro l  o u t l e t s .  



TABLE 2-2c 

PROJECT CONDITIONS 

1. Exis t ing  condit ions 

RGSULTS OF DISCHARGE FREQUENCY ANALYSIS 

SALT R I V E R  ABOVE: CONFLUENCE WITH G I L A  R I V E R  (CP113) 

Peak Discharge, c f s  
Design Design 
flood t a rge t  Frequency, yrs .  
( y r s )  ( c f s )  500 200 100 50 20 10 

2. P r o j e c t  condit ions A 1  t e rna t ives  

a. S t r u c t u r a l  elements: 
New Roosevelt : NR 
New Horseshoe = NH 
New B a r t l e t t  = NB 
C l i f f  = NB 
Confluence r ORME 

b. Reregulation elements: 
Roosevelt = R 
Horseshoe = H 
B a r t l e t t  = B . 

Note: N/A = not appl ic-  
a b l e  

85,000 
85,000 
85,000 
85 ,  OOC 
85,000 
85,000 
85,000 

85,000 
85,000 
85,000 
85,000 
85,000 
85,000 
85,000 



TABLE 2-2d 

PROJECT CONDITIONS 

RESULTS OF DISCHARCfl FREQUENCY ANALYSIS 

SALT R I V E R  ABOVE CONFLUENCE WITH GILA RIVER (CP113) 

Peak Discharge, c f s  
Design Design 
f 1 ood target  Frequency, . yrs. 
(yrs)  (cfs)  500 200 100 50 20 10 

1. Existing conditions N/A N/A 310,000 250,000 185,000 145,000 125,000 85,000 

2. Project conditions A 1  ternatives 

a. Structural  elements: 
New Roosevelt = NR 
New Horseshoe = NH 
New Ba r t l e t t  = NB 
Cliff = NB 
Confluence : ORm 

b. Reregulation 
Roosevelt = R 
Horseshoe = H 
Bart le t t  = B 

Note: N/A : not applic- 
able 

SPF 50,000 150,000 
1 65,000 
160.000 

SPF 100,000 170,000 
160,000 
165,000 

SPF 150,000 
165,000 
215,000 
215,000 
225,000 
195,000 
160,000 

a With extra storage. 
With flood control out le ts .  



TABLE 2-2e 

PROJECT CONDITIOIE 

RESULTS OF DISCHARGE FREQUENCY ANALYSIS 

SALT RIVER ABOVE CONFLUENCE WITH GILA R I V E R  (CP113) 

Peak Discharge, c f s  
Design Design 
f 1 ood t a r g e t  Frequency, y r s .  
( y r s )  ( c f s )  500 200 100 50 20 10 

1. Exis t ing  condit ions N / A  N/A 3lO,OOO 250,000 185,000 145,000 125,000 85,000 

2. P ro jec t  c o d i t i o n s  A 1  t e rna t ives  

a. S t r u c t u r a l  elements: NR SPF 200,000 265,000 190,000 170,000 145,000 1 ~ ~ 0 0 0  85,000 
New Roosevelt = NR NH 235,000 180,000 170,000 1'-l5,000 125,000 85,000 
New Horseshoe = NH NB 235,000 185,000 170,000 145,000 125,000 85,000 
New B a r t l e t t  = NB ORME 130,000 175,000 170,000 145r000 125,000 85,000 
C l i f f  = NB NR+NH 245,000 195,000 170,000 145,000 125,000 85,000 
Confluence = ORM3 NR+NB 250,000 195,000 170,000 145,000 125r000 85,000 

R+H+B 185,000 145,000 145,000 145,000 125,000 85,000 
b. Reregulation elements: 

Roosevelt : R 
Horseshoe = H 
B a r t l e t t  = B 

Note: N/A : not applic-  
a b l e  



TABLE 2-3a 

PROJECT CONDITIONS 

RESULTS OF DISCHARGE FREQUENCY ANALYSIS 

GILA RIVER BELOW CONFLUENCE WITH SALT R I V E R  (CP1310) 

Peak Discharge, c f s  
Design Design 
f 1 ood t a r g e t  Frequency, yrs .  
( y r s )  ( c f s )  500 200 loo 50 20 10 

1. Exis t ing  condit ions N/ A N/A 360,000 295,000 250,000 200,000 135,000 95,000 

2. P ro jec t  condit ions A 1  t e rna t ives  

a. S t r u c t u r a l  elements: ORME 50 50,000 330,000 260,000 200,000 140,000 59,000 44,000 
New Roosevelt = NR NR+NH 330,000 245,000 185,000 120,000 55,000 44,000 
New Horseshoe = NH NR+NB 330,000 245,000 185,000 125,000 59,000 44,000 
New B a r t l e t t  = NB R+H+B 250,000 185,000 145,000 100,000 53,000 44,000 
Cl i f f  = NB 
Confluence = ORME NH 50 100, 000 275,000 220,000 180,000 1409000 90,000 90 ,000 

NB 270,000 215,000 175,000 135,000 91,000 90,000 
b. Reregulation ORME 330,000 270,000 225,000 170,000 95,000 90,000 

elements : 
Roosevelt = R NR+NH 335,000 265 ,000 21 0,000 160,000 90,000 90,000 
Horseshoe = H NR+NB 330,000 260,000 21 5,000 160,000 93,000 90,000 

1 
B a r t l e t t  = B R+H+B 285,000 225,000 185,000 145.000 90,000 90,000 

NR 50 150,000 335,000 270,000 220,000 170,000 130,000 95,000 
NH 295,000 240,000 205,000 165,000 130,000 95,000 

Note: N/A = not appl ic-  NB 290,000 235,000 200,000 165,000 130,000 95,000 
a b l e  ORME 335,000 270,000 225,000 180,000 130,000 95,000 

NR+NH 335,000 270,000 225,000 175,000 130,000 95,000 



TABLE 2-3b 

PROJECT CONDITIONS 

RESULTS OF DISCHARGE FREQUENCY ANALYSIS 

GILA RIVER BELOW CONFLUENCE WITH SALT R I V E R  (CP1310) 

Peak Discharge, c f s  
Design Design 
flood target  Frequency, yrs. 
(yrs)  (c fs )  500 200 100 50 20 10 

1. Existing conditions N/A N/A 360,000 295,000 250,000 200,000 135,000 95,000 

2. Project  conditions A 1  ternatives 

a. Structural  elements: NR+NB 50 
New Roosevelt = NR R+H+B 
New Horseshoe = NH 
New Bar t le t t  = NB Notreq- 50 
Cl i f f  = NB uired 
Confluence = ORME 

ORME 100 
a. Reregulation NR+NH 

elements: 
Roosevelt = R NR+NB 
Horseshoe = H R+H+B 
Bar t le t t  = B 100 

ORME 
NR+NH 

Note: N / A  = not applic- NR+NB 
able R + H + B ~  

R + H + B ~  

SAME AS EXISTING CONDITIONS 

l 
a With extra storage. 

W i t h  flood control ou t le t s  



TABLE 2 - 3  

PROJECT CONDITIONS 

RESULTS OF DISCHARGE FREQUENCY ANALYSIS 

GILA R I V E R  BELOW CONFLUENCE WITH SALT R I V E R  (CP1310) 

Peak Discharge, cfs. 
Design Design 
f 1 ood target Frequency, yrs. 
(yrs)  (c fs )  500 200 loo 50 20 

Existing conditions N / A  N / A  360,000 295,000 250,000 200,000 135,000 

Project conditions A 1  ternatives 

a .  Structural  elements: 
New Roosevelt = NR 
New Horseshoe = NH 
New Bar t le t t  = NB 
Cliff  = NB 
Confluence = ORME 

b. Reregulation elements: 
Roosevelt = R 
Horseshoe = H 
Bart le t t  = B 

Note: N / A  = not applic- 
able 

100 150,000 315,000 
280,000 
275,000 
290, ooo 
300,000 
310,000 
255,000 



TABLE 2-3d 

PROJECT CONDITIONS 

RESULTS OF DISCHARGE FREQUENCY ANALYSIS 

GILA RIVER BELOW CONFLUENCE WITH SALT RIVER (CP1310) 

Peak Discharge, c f s  
Design Desinn 
flood ta rge t  Frequency, yrs .  
( y r s )  ( c f s )  500 200 100 50 

1. Exis t ing  condit ions N/A N/A 360,000 295,000 250,000 200,000 

2. P ro jec t  condi t ions  A 1  t e r n a t i v e s  

a. S t r u c t u r a l  elements: ORME SPF 
New Roosevelt = M NR+NH 
New Horseshoe = NFI NR+NB 
New B a r t l e t t  = NB 
C l i f f  : NB 
Confluence = ORME ORM3 SPF 

NR+NH 
b. Reregulation NR+NB 

Roosevelt = R 
Horseshoe = H 
B a r t l e t t  = B NB SPF 

ORME 
NR+NH 

Note: N/A = not applic-  NR+NB 
a b l e  R + H + B ~  

R+H+B~ 

a With e x t r a  storage. 
With flood con t ro l  o u t l e t s .  



TABLE 2-3e 

PROJECT CONDITIONS 

RESULTS OF DISCHARGE FREQUENCY ANALYSIS 

GILA RIVER BELOW CONFLUENCE WITH SALT RIVER (CP1310) 

Peak Discharge, c f s  
Design Design 
flood target  Frequency, yrs. 
(yrs)  (cfs)  500 200 100 50 20 10 

1. Existing conditions N/A N/A 360,000 295,000 250,000 200,000 135,000 95,000 

2. Project conditions A 1  ternatives 

a .  Struo t u r a l  elements : ' 10R SPF 200,000 300,000 240,000 200,000 170,000 135,000 95,000 
New Roosevelt s NR NH 29O,OOO 235,000 195,000 170,000 135,000 95,000 
New Horseshoe = NH NB 300,000 235,000 195,000 170,000 135,000 95,000 
N e w  Ba r t l e t t  = NB ORMe 300,000 245,000 205,000 170,000 135,000 95,000 
Cliff  = NB NR+NH 305,000 240,000 200,000 170,000 135,000 95,000 
Confluence = ORME NR+NB 315,000 250,000 205,000 170,000 135,000 95,000 

R+H+B 240,000 210,000 185,000 160,000 135,000 95,000 

b. Reregulation elements: 
Roosevelt = R 
Horseshoe = H 
Bar t le t t  = B 

I 
Note: N/A = not applic- 

able. 
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Appendix 3. Basic Data f o r  Development of Existing 
Discharge Frequency Relationship f o r  the  Salt-Gila River System 
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Table 3-1 

YEAR 

1888 
89 
90 
9 1 
92  
9 3 
94 
95 
96 
97 
98 
99 

1900 
0 1 
02 
03 
011 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
P 
33 
34 

AUC 

162 
192 

1796 
262 
187 
757 
4 14 
339 
80 1 
414 
377 
409 
142 
59 2 
45 1 
310 

1532 
535 
701 
406 
8 30 

1184 
295 
231 
4 59 
208 
221 
32 9 
479 
686 
5 14 
855 
430 

1599 
314 
24 0 

99 
35 4 
248 
47 4 
482 
58 1 
624 
779 
247 
164 
452 

SEP 

158 
236 

1059 
37 3 
155 
500 
275 
166 
5 25 
936 
31 9 
337 
114 
88 

997 
484 
455 
727 
199 
38 1 
336 
448 
208 
521 
191 
34 1 
21 7 
163 

1223 
36 7 
179 
444 
215 
346 
226 

1820 
191 

1128 
3 47 

1829 
189 
390 
283 
376 
134 
231 
215 

Monthly Inflow to Horsesh 
P e r i o d  : 1888-1980 

Flow i n  CFS 

NOV DEC JAN FEB 

loe Dam 

MAR 

3218 
2367 
1819 

15 1 
4128 

50 0 
3509 
267 

1419 
603 
245 
15 1 
84Y 
2 32 

1392 
174 

8283 
5152 
3554 
1316 
19 14 
1215 
2238 
1382 
1699 
6 76 

3388 
4891 
1660 
4352 
1472 
1776 
492 

3093 
2082 

49 3 
413 
720 

2029 
995 

1368 
1341 
639 

3640 
726 
226 

1971 

APR 

750 
3 47 
5 04 

83 
274 
161 
7 08 
208 

1122 
30  1 
193 

83 
175 
208 

2590 
112 

4931 
97 1 
79 1 
284 

1187 
792 
4 06 

1994 
1331 
2 37 

20 57 
65 7 

5665 
335 

1255 
98 2 
223 

1009 
749 

1553 
452 

442 3 
809 
24 1 

2140 
545 
252 
777 
299 
257 

1000 

MAY 

186 
164 
'1 32 
86 

142 
64 

243 
162 
254 
174 
143 
86 

132 
174 
133 
119 
785 
233 
2 37 
418 
189 
132 
453 
248 
108 
145 

2512 
21 9 

1182 
151 
163 
288 
158 
242 
182 
162 
204 
4 08 
195 
169 
149 
175 
246 
199 
344 
120 
183 

JUN 

133 
144 
37 8 
49 
64 
75 

144 
110 
142 
131 
143 
49 
99 

110 
128 
59 

267 
142 
197 
138 
127 
6 1 

268 
21 6 
126 
108 
195 
150 
221 
129 
111 
197 
119 
154 
109 
9 3 

124 
117 
202 
112 
116 
99 
97 

137 
148 
106 
114 

JUL 

196 
208 
296 
143 
212 
11 2 
137 
813 
123 
30 5 
344 

4 9 
198 

8 1 
21 Y 
688 
231 
22 1 
205 
43 6 
358 
118 
419 
29 3 
144 
192 
313 
190 
393 
180 

2006 
170 
279 
194 
188 
176 
204 
193 
259 
133 
164 
31 2 
161 
224 
182 
124 
120 



YEAR 

1935 
36 
37 
38 
39 
40 
4 1 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
6 1 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 

1979 

AUG 

59 2 
43 4 
163 
290 
309 
35 6 
268 
173 
430 
140 
362 
397 
38 1 
31 2 
210 
194 
1184 
21 2 
418 
340 
84 1 
189 
322 
25 4 
546 
175 
269 
127 
793 
896 
228 
317 
327 
337 
210 
309 
4 43 
244 
21 7 
196 
143 
167 
245 
21 6 
307 

Table 3-1 (Continued) 

Monthly Inflow to Horseshoe Dam 
Period: 1888-1980 

Flow i n  CFS 

NOV DEC JAN FEB MAR APR 

692 
1420 
223 
32 2 
267 
4671 
654 
25 3 
1717 
1735 
7 87 
174 
8 30 
1642 
188 
207 
2474 
176 
625 
179 
186 
175 
1181 
170 
246 
412 
84 1 
155 
1059 
4328 
2 76 
267 
600 
863 
300 
199 
180 
5638 
2 E 
1329 
1113 
228 
6 46 
1866 

MAY 

150 
188 
128 
124 
152 
665 
246 
136 
3 47 
2 39 
140 
147 
139 
195 
134 
26 3 
313 
161 
130 
135 
117 
20 1 
156 
133 
155 
122 
125 
113 
130 
265 
167 
167 
271 
200 
166 
149 
139 
1322 
159 
22 3 
27 4 
168 
210 
32 1 

JUN 

93 
142 
99 
89 
133 
207 
124 
103 
126 
117 
102 
103 
108 
173 
101 
95 
108 
10 1 
100 
316 
87 
175 
129 
94 
109 
85 
92 
83 
92 
130 
121 
164 
144 
127 
126 
108 
146 
21 6 
113 
in 
127 
125 
128 
1% 



Y E A R  

1888 
89 
90 
9 1 
92 
93 
94 
95 
96 
97 
98 
99 

1900 
0 1 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

Affi SEP OCT 

Month 

NOV 

379 
25 9 

21 23 
2 30 
231 
266 
207 
76 4 
443 
27 3 
202 
20 3 
3 87 
195 
189 
21 1 
164 

6395 
275 
880 
354 

1063 
294 
395 
288 
386 
561 
405 
502 
28 3 
2 99 

2663 
606 
276 
26 1 

1216 
21 3 
35 7 
275 
243 
325 
284 
434 
974 
25 1 
316 
252 
268 

Table 3-2 

l y  Inflw to Rooseve 
Period: 1888-1980 

Flow in CFS 

DEC J A N  FEB 

I t  Dam 

MAR APR MAY 

790 
69 5 

1834 
365 
602 
27 1 
673 
485 

1114 
448 
308 
365 
7 35 
167 
352 
132 

4606 
1694 
748 
903 
513 
49 1 
564 

1139 
592 
47 3 

4204 
1970 
1366 
4 07 

1346 
1824 
317 

1057 
709 

1205 
2 87 

2534 
1450 
55 3 
493 
649 

1159 
1309 
1142 
21 4 

1204 
1221 

J U N  

296 
32 2 
842 
110 
143 
166 
309 
204 
358 
2 37 
2 04 
110 
288 
106 
285 

80 
1405 
667 
5 14 
430 
642 
136 
322 
415 
228 
277 

1365 
912 
552 
31 6 
4 07 
705 
24 1 
427 
268 
414 
21 7 
507 
734 
27 3 
228 
30 2 
284 
47 4 
561 
134 
7 10 
382 

J U L  

257 
27 2 
388 
189 
279 
148 
160 
779 
175 
4 08 
444 

6 4 
346 

7 8 
142 
35 6 
5 -79 
514 
4 28 
780 
442 
155 
616 
368 
231 
65 7 

1584 
50 0 
576 
432 

3711 
338 
835 
401 
4 62 
27 2 
301 
369 
413 
341 
330 
704 
345 
549 
5 29 
194 
24 7 
265 



YEAR 

1936 
37 
38 
39 
40 
4 1 
42 
4 3 
44 
45 
46 
47 

. 48 
49 
50 
5 1 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
7 1 
72 
73 
74 
75 
76 
77 
78 
79 

AUG 

b80 
305 
682 
420 
39 1 
705 
456 
450 
288 
61 1 
7 35 
528 
325 
68 1 
24 1 
2327 
534 
287 
764 

2374 
21 8 
1207 
359 
1704 
204 
348 
173 
1821 
773 
58 3 
5 25 
1512 
845 
403 
3 98 
1072 
202 
43 4 
352 
20 3 
9 8  
462 
4 09 
47 8 

Table 3-2 (Continued) 

Monthly Inflw to Roosevelt Dam 
Period: 1888-1980 

Flow i n  CFS 

NOV DEC JAN FEE MAR APR 

3855 
909 
2108 
1004 
6301 
258 3 
1841 
1670 
3003 
649 
544 
3485 
3129 
642 
38 1 
621 1 
690 
1131 
243 
724 
706 
4546 
280 
1859 
623 
4470 
99 3 
1134 
4373 
277 1 
359 
31 88 
2689 
1046 
293 
287 
7456 
59 2 
36 30 
1498 
719 
3525 
7477 

MAY 

1342 
475 
557 
46 7 
5978 
1063 
6 75 
780 
1308 
265 
378 
886 
1377 
25 9 
444 
2587 
40 1 
410 
174 
410 
570 
2009 
145 
76 4 
220 
1307 
330 
417 
1679 
972 
199 
1507 
1156 
741 
204 
167 

67 15 
327 
1938 
994 
362 
1164 
3306 

JUN 

422 
21 2 
167 
244 
1529 
332 
233 
288 
300 
119 
139 
229 
519 
129 
132 
756 
227 
145 
242 
132 
359 
4 50 
86 
32 1 
120 
343 
114 
154 
616 
300 
146 
514 
352 
226 
1 1  1 
224 
1483 
131 
528 
27 1 
157 
36 0 
1432 



YEAR JAN 

169. 
32 . 

306. 
1789. 

26. 
26. 
26. 

1057. 
1203. 

146. 
179. 
268. 

3381. 
12632. 
1849. 

196. 
296. 

1117. 
196. 
279. 

69. 
1002. 

76. 
261. 
215. 
161. 

Table  3-3 

Monthly Inflow to Cool idge  Dam 
Per iod:  1903-1928 

Flow i n  CFS 

AP R MAY JUN JUL AUG SEP 

223. 
2%. 
544. 

17. 
1277. 
319. 
193. 
39. 

207. 
87. 
38. 

606. 
267. 
720. 

48. 
25. 

401. 
70. 

295. 
18. 

786. 
1. 

1830. 
99. 

720. 
61. 

OCT 

106. 
1602. 

130. 
0. 

358. 
37. 
37. 
37. 

472. 
26. 
50. 

1172. 
67. 

3240. 
28. 
35. 

343. 
52. 
54. 
20. 
62. 

4. 
283. 
118. 
63. 
36. 

NOV 

55. 
852. 

27. 
27. 
27. 
27. 
27. 
27. 

302. 
57. 

412. 
841. 

71. 
442. 

46. 
87. 

480. 
178. 
58. 
25. 

683. 
10. 

155. 
210. 

64. 
0. 

DEC 

35. 
108. 

3903. 
2033. 

26. 
2846. 

26. 
26. 

146. 
125. 
350. 

8421. 
222. 
347. 

98 
350. 

1597. 
181. 
110. 
144. 

1719. 
55. 

248. 
334. 
1 9 3 .  



TABLE 3-4 

CENTRAL ARIZONA WATER CONTROL STUDY 
SALT RIVER AT ORME S I T E ,  CP 40 (BELOW CONFLUENCE WITH VERDE RIVER) 

REGULATED FLOWS ( S P I L L  EVENTS) COMPUTED USING H E G 5  SIMULATION 
(SPFOC MODEL), DISCHARGES I N  CFS 

STA YFAR PEAK 1 -DAY 2-DAY 3 -DAY 5-DAY 10-DAY 1MONTH I 



T A B L E  3-5 

CENTRAL A R I Z O N A  WATER CONTROL STUDY 
S A L T  R I V E R  ABOVE CONFLUENCE W I T H  G I L A  R I V E R  8 113 

REGULATED E O W S  ( S P I L L  E V E N T S )  COMPUTED HEC-5 S I M U L A T I O N  
(SAFOC MODEL) ,  D I S C H A R G E S  I N  C F S  

S T A  YEAR PEAK 1 -DAY 2 -DAY 3-DAY 5-DAY 10-DAY 



TABLE 3-6 

Period of Record 
Gila River 

Date 

3-18-1889 
2-23-1890 
2-24-1891 
March 1895 
4-13-1905 
11-28-1 go5 
3-7-1907 
2-5-1 908 
12-17-1908 
2-23-19 14 
1-29-1915 
1-20-1916 
4-19-1917 
3-10-1918 
2-23-1920 
8-22-1921 
3-19-1922 
9-20-1923 
12-29-1923 
9-20-1925 
9-30-1926 
2-1 8-1927 
8-3-1928 
9-26-1929 
8-10-1930 
8-12-1931 
2-11-1932 
10-9-19P 
8-30-1934 
8-25-1935 
7-29-1 936 
3-18-1937 
3-4-1 938 
9-13-1939 
8-19-1940 
3-15-1941 
April 1942 
8-5-1943 
8-14-1945 
9-1 9-1 946 
8-9-1947 
10-1 9-1 949 

Below 
Con fl 

w/Sal t 
CP 1310 

Below 
Con f l  

w/Waterman 
CP 1216 

Below 
Confl 

w/Hassayampa 
CP 1217 

26700. 
99700. 

290000. 
3200. 

89700. 
150000. 
284 00. 
25700. 
71500. 
11600. 
26100. 
178900. 
35600. 
19200. 
118600. 
27000. 
18400. 
13400. 
57500. 
15500. 
38600. 
69900. 
5900. 
5500. 
14200. 
7800. 
71900. 
2500. 
3400. 
2700. 
3500. 
33500. 
37100. 
3500. 
2900. 

105900. 
3200. 
2500. 
1600. 
4600. 
4700. 
1800. 

A t  
Gillespie 

Dam 
CP 1218 

25500. 
96200. 

285000. 
2900. 
88200. 
145000. 
27200. 
24600. 
70500. 
1 moo. 
25200. 
177900. 
34500. 
18300. 
117300. 
26800. 
17200. 
56400. 
13100. 
15200. 
38300 
68700. 
5600. 
5210. 
13900. 
7530. 
71000. 
2180. 
3100. 
2380. 
940. 
31700. 
35800. 
3240. 
2620. 

104800. 
3400. 
2200. 
1350. 
4290. 
4390. 
1460. 

Midway from 
Gillespie to 
Painted Rock 

CP 12191 

24200. 
96500. 
280000. 
2600. 
85600. 
140000. 
25 600. 
23300. 
69200. 
9200. 
22200. 
176000. 
32800. 
16800. 
115300. 
25800. 
15900. 
12100. 
53800. 
14200. 
37300. 
67200. 
4600. 
4200. 
12900. 
6500. 

70100. 
1200. 
2100. 
1400. 
2600. 
29400. 
34400. 
2200. 
1600. 

103600. 
3300. 
1400. 
400. 
3300. 
3400. 
500. 

At 
Painted 

Rook Dam 
CP 1219 

22600. 
83600. 
27500. 
2200. 

7790C. 
135000. 
22700. 
22500. 
67600. 
7100. 
17200. 

171300. 
30500. 
14600. 
111200. 
24500. 
13900. 
10800. 
46600. 
12900. 
36000. 
63800. 
3300. 
2900. 
11600. 
5200. 
63300. 
600. 
800. 
100. 

2600. 
22 300. 
29400. 
1000. 
400. 

96300. 
3200. 
1300. 
200. 
2100. 
2200. 
200. 



Table 3-6 (Continued) 

Below Below Below A t  Midway from A t  

Confl Confl Confl G u i l l e s p i e  G i l l e s p i e  to Painted 
w/Salt  w/Wateman w/Hassayampa Dam Painted Rock Rock Dam 

Date CP 1310 CP 1216 CP 1217 CP 1218 CP 12191 CP 1219 

8-28-1 951 2000. 1 7700. 16900. 16600. 15600. 14400. 
April 1952 6500. 5700. 4900. 4100. 3300. 2600. 
8-12-1 954 800. 2900. 2100. 1760. 800. 400. 
8-28-1 955 2300. 4800. 4000. 3660. 2700. 1500. 

April  1965 5200. 4700. 4100. 3600. 3100. 2500. 
12-37-1966 40800. 35400. 31 600. 304 00. 287 00. 26400. 
12-8-1967 20600. 14500. 11600. 10300. 9100. 7500. 
3-71-1968 11500. 4200. 7900. 6900. 5600. 4930. 

April  1969 3700. 3500. 3300. 3100. 2900. 2700. 
9-6-70 1200. 7300. 6500. 6180. 5200. 4000. 
8-27-1 971 200. 2200. 1400. 1090. 100. 50. 
3-18-1973 21 100. 19200. 18000. 16900. 15600. 14900. 
9-27-1 976 400. 3000. 2200. 1920. 900. 400. 

3-3-1978 93900. 89400. 87400. 85600. 83400. 81103. 
12-19-1978 136046. 733500. 129500. 127000. 125500. 117300. 
2-15-1980 193700. 202000. 183000. 180700. 175300. 157100. 
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GILA RIVER AND TRIBUTARIES 
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VOLUME FREQUENCY 
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