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REPORT OF THE DISTRICT ENGmEER 

water. xesources of the area could be accomplishedby a comprehensive 
improvement pr,oviding for .  (a)  a flood-control. reservoir a t  the Earven 
s i t e ,  (b) channel improvements consisting of'.channel clearing along 
the Gila ~ i v e r  .from the upper end of Safford Valley t o  the Buttes 

The d i s t r i c t  engineer finds t h a t  a cleared floodway along the 
Gila  River from the upper end of Safford Valley t o  San Carlos 
Reservoir and from the mouth of the  San Pedro River t o  the  Buttes 
Reservoir s i t e  would provide p a r t i a l  protection t o  areas i n  Safford 
Valley t h a t  are  primarily agr icu l tura l  and would also r e su l t  i n  a 
n e t  increase t o  the farmer of 19,800 acre-feet of water annually. 

The d i s t r i c t e n g i n e e r  estimates the t o t a l  Federal first cost 
of the channel improvements a t  $1,570,000 (December 1957), and the 
t o t a l  non-Federal f i r s t  cost  a t  $200,000 (December 1957). He e s t i -  
mates t he  t o t a l  average annual charges a t  $112,000, including an 
average of $50,000 annually for maintenance and operation. He 
estimates the average annual primary benefits  t h a t  would accrue 
from flood control  and water conservation a t  $324,000, He f inds  
t ha t  the r a t i o  of average annual primary benefits  t o  average annual 
charges would be 2.9 t o  1. ,He concludes t h a t  the project  would be 
jus t i f ied  on the  basis  of the tangible primary benefits  alone. Use 
of secondary and intangible benefits  would further increase the 
jus t i f ica t ion .  
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The d i s t r i c t  engineer i s  of the opinion that ,  because of the 
water-conservation benef i ts  t ha t  would r e su l t  from construction of 

a 
the  recommended project ,  loca l  i n t e r e s t s  should be required to reim- 
burse t h e  United S ta t e s  for  tha t  pa r t  of the  project  construction 
cost  t h a t  i s  allocated t o  water conservation, and such reimbursement 
should be made i n  bO equal annual pahen t s  without in te res t .  On 
the basia of December 195'7 prices,  the estimated amount of $862,000 
would be repaid i n  irn equal annual payments of $21,550. 

The d i s t r i c t  engineer recommends t h a t  the construction of 
channel improvements, consisting of a cleared floodway along the 
Gila River from the upper end of Safford Valley t o  San Carlos 
Reservoir and from the mouth of the  San Pedro River t o  the Buttes 
Reservoir s i t e ,  be authorized, subject  t o  the condition t h a t  l o c a l  
i n t e r e s t s  furnish assurances sa t i s fac tory  t o  t he  Secretary of the 
Army t h a t  they w i l l  (a)  provide necessary lands, easements, and 
rights-of-way; (b) maintain and operate the channel imprwements 
i n  accordance with regulations t o  be prescribed by the Secretary 
of the Army a t  an average annual cost  estimated at $50,000; 
(c) keep the flood channel of the G i l a  River from the upper end 
of Safford Valley t o  San Carlos Reservoir and from the mouth 
of the Sen Pedro River t o  the Buttes Reservoir s i t e  f r ee  from 
encroachment; (d) repay t o  the United S ta tes  5h.9 percent of t he  
t o t a l  construction cost  i n  b0 equal annual payments without i n t e r e s t  
(the exact amount of the annual payments, presently estimated a t  
$21,550, t o  be adjusted on the basis  of ac tua l  costs of constructing 
the project  - annual payments t o  be made t o  the Secretary of the 

a 
In te r ior ,  who, i n  turn, s h a l l  deposit such funds i n  the  Treasury 
of the United S ta tes  a s  miscellaneous receipts) ;  (e) hold and save 
the United States  f r e e  from a l l  damages a r i s ing  from construction 
and operation of the work; and ( f )  adjust  all 'water-rights claims 
reswlting from construction, operation, and maintenance of the 
imprwenients . 
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SECTION I - IWRODUCT~ON . . 

1, .AUTHORITY . . .  
. . 

. . 
This report  is '  submitted pursuant t o  resolution, dated August 7, 

1956,.:by t h e  Cawpittee on Public Works, United States  Senate, which 
par t  ,as follows: 

q +c + That. the  ~ o a r d  of Engineers f o r  Rivers and 
rbozh, a,-:* + be, and is hereby, requested t o  review 
e. reports of 'the Chief of Engineers on the Gila 

. . . R i v e r  and t r ibu tar ies ,  Arizona and New Mexico, pub- 
l ished as  House Document numbered 331, Eighty-first 

. -  Congress, 1 s t  session, and other reports, wi th  a 
view t o  determining whether fur ther  improvements f o r  
flood control and a l l i e d  purposes a r e  advisable i n  
the G i l a  River Watershed a t  t h i s  time, with par t icular  
reference to, (1.) Construction .of a flood control  dam . .  

., o n  the '  ~ i . l a  River a t  o r  i n  the v i c in i ty  of the  
. Cagelbaclc:.site, i n  eastern Aqli gna; (2)  Cqqstmction 

of a flood control dam a t  o r  near the Buttes s i te  . . -,-. 
. a t  a s i t e  above the mouth of the San Pedro Riverj 

(3) Rectification of the G i l a  River channel down-. 
stream from the location of t h a t  dam t o  the San . .  

, 
. Cgrlos  Reservoir and 'fromOhe Coolidge Dam dowps.tr6.am . . .  

, . .. t o  the Hayden-Ashwst Dam. . . . . , . . . . , ,  < . .  :. 



2. SCOPE ' 
a. General. The survey described in  this report was made t o  

(1) iiidicate a comprehensive plan of flood control and optimum water 
w e  in  the Gila River Basin between the Camelsback Reservoir s i t e  
and the Salt  River and (2) develop i n  de ta i l  that  part of the compre- 
hensive plan that  shows promise of providing, a t  this time, an eco- 
nomically feasible unit that  would provide flood protection for the 
Safford Valley and water conserva+ion for the Safford Valley ar~I for  
the San Carlos project. 

Under a memorandum of understanding formulated a t  a meeting on 
August 20-21, 1956, between representatives of the United States Army 
Engineer District, Los Angeles, and the United States Bureau of 
Reclamation, Region 3, arrangements were made for (1) cooperative 
and concurrent investigations of the area under consideration and 
(2) division of work on those investigations. The Corps was made 
responsible for (1) the design of the channel improvements, the 
comprehensive-plan uni t  considered i n  de t a i l  i n  this report; 
(2) the design of Earven Dm, one of the comprehensive-plan units 
t o  be studied further; and (3) the evaluation of flood-control 
benefits accruing from a l l  units. The Bureau was made responsible 
for (I) the design of Buttes Reservoir and appurtenances, the other 
comprehensive-plan unit s t i l l  under study, and (2) the evaluation 
of water-conservation benefits accruing from a l l  units. In th is  
report, detailed developnent of flood problems was limited to  the 
Safford Valley and detailed developnsnt of water-conservation 
features was limited t o  those that would result from the construo- 
tion of the recommended plan. No detailed consideration was given 
t o  other comprehensive-plan units, including Earven and Buttes Dams. 
The Bureau of Reclamation, with the cooperation of the Corps of 
Engineers, is studying Buttes Reservoir and is scheduled t o  complete 
a feas ibi l i ty  report on that reservoir i n  about 1 year. The Corps 
w i l l  give detailed consideration t o  Earven Reservoir under the cut- 
standing authority for a comprehensive study of the Gila River Basin. 

Consideration was given by both agencies to  the preservation 
and protection of established and potential uses of water and to  the 
developnent of comprehensive and coordinated projects for improve- 
ments. 

b. Topographic surveys and mosaics. Aerial surveys of the 
area k d e r  consideration were made i n  October and November 19.56. 
Aerial mosaics based on those surveys were used i n  conjunction with 
other data i n  econcmic studies and i n  preparation of maps, Check 
cross sections a t  selected points on the Oila River i n  the area were 
made i n  1956. These check sections and the aerial mosaics were used 
t o  adjust data developed prior to  19b5. 

c. Economic and other investigations. Crop reports of the San 
carlo: project and of adjoining areas were analyzed t o  develop up-to- 
date estimates of crop distribution, yields, and values. Information 
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engineer. 

3. PRIOR REPORTS I 
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SECTION I1 - DESCRIPTION 

4. LOCATION AND EXTENT 

The Gila River Basin, the la rges t  drainage area t r ibutary  t o  
the  lower Colorado River, includes most of the southern half of 
Arizona and pa r t  of southwestern New Mexico. (See index map, pl .  1, 
a t  the back of t h i s  report.) The drainage area of the basin ccm- 
pr ises  about $8,200 square miles, 51,500 of which a re  i n  Arizona, 
5,600 i n  New Mexico, and 1,100 i n  Sonora, Mexico. The Gila River 
Basin upstream from the S a l t  River comprises about 29,300 square 
miles. 

5.  STREAMS 

The G i l a  River, the main stream i n  ths drainage area, r i s e s  
on the west slope of the Continental Divide i n  southwestern New 
Mexico and flows generally westward fo r  456 miles to the mouth of 
the S a l t  River and thence fo r  198 miles t o  the Colorado River. The 
principal t r ibutar ies  t h a t  join the main stream upstream from the 
S a l t  River include the  following streams, i n  downstream order: The 
San Francisco River (drainage area, 2,800 square miles), which enters 
the main stream from the north, upstream from Camelsback Dam site; 
San Simon River (drainage area, 2,200 sauare miles), which enters 
the main stream from the south; San Carlos River (drainage area, 
1,100 square miles), which enters  the main stream from the north) 
and San Pedro River (drainage area, 4,500 square miles) and Santa 
Crus River (drainage area, 8,600 square miles), which enter the 
main stream from the south. 

The headwaters of the Gila and San Francisco Rivers a re  perennial. 
Surface flow i n  other par t s  of the G i l a  River Basin upstream from the 
Sal t  River i s  mostly intermittent,  

6. TOPOGRAPHY 

The upper Gila River Basin (upstream from Coolidge Dam) is a 
complex area of mountains, plateaus, and valleys. Elevations range 
from about 2,300 f e e t  i n  the v ic in i ty  of Coolidge Dam t o  about 
11,000 f e e t  along the Continental Divide. About 85 percent of %his 
area is mountainous. Streem valleys, which range i n  width from a 
few thousand fee t  t o  several miles and i n  length from about 2 t o  
45 miles, consti tute the remaining 15 percent. Toward the head- 
waters of the streams, the valleys become progressively shorter and 
narrower, and the intervening canyons become longer and steeper - 
i n  places narrowing t o  rock-walled box canyons l e s s  than 100 fee t  
i n  width, Canyons of th i s  type along the  upper G i l a  River separate 
the Safford, Duncan-Virden, Red Rock, and Cl i f f  Valleys. 

The drainage area between Coolidge Dam and the S a l t  River com- 
prises the large drainage areas of the San Pedro and Santa Crus 
Rivers and those areas d i rec t ly  t r ibutary  t o  the maln stream, 
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I n  general, the mbuntains i n  the Gila River Basin are  o f  

narrow,. deep channels of suf f ic ien t  capacity t o  carry floods 'with 
very l i t t l e  l oca l  damage. I n  the  narrow agricul tural  val leys  lower 
i n  the basin, normal flows meander over the bottoms of wide channels 
of varying depths, and major flows overtop the  banks and cause exten- 
sive inundation. Streams issue from these val leys  and follow courses 
across the deser t  p la ins  i n  wide, shallow channels t ha t  are usually 
inadequate t o  accommodate even moderate flocdflows. 

Safford Valley, the main agr icu l tura l  area  above Coolidge Dam, 
has an average width of about 1.5 miles and a maximum width of almost 

miles.. The r iver  channel i s  l.17 miles long. Flows i n  excess of 
about 12,000 cubic f e e t  per second cause appreciable damage t o  agr i -  
cu l tura l  land. The channel, which is unstable, meanders i n  a flood 
plain, which has a width ranging from l /b  t o  1-1/2 miles. The 
channel has become overgrown with phreatophytes, pr incipal ly  s a l t -  
cedar and mesquite, which have choked the channel t o  such an extent 
t h a t  small floods ovestop the banks and cause damage t o  adjoining 
land. Downstream from Safford Valley, the Gila River flows through 
the San Carlos Indian Reservation and empties i n t o  San Carlos 
Reservoir a t  Coolidge Dam. The r ive r  flows i n  a deep, wznding gorge 
more than 60 miles between Coolidge Dam and Ashurst-Hayden diversion 
dam and thence meanders over a wide flood plain  for  about 85 miles 
t o  the mouth of the S a l t  River. Downstream from Ashurst-Hayden 
diversion dam, flows up t o  20,000 cubic f ee t  per second a re  confined 
t o  a wide, shallow channel, but major floods spread over an area 
ranging i n  width from 1 t o  5 miles. 
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. , . . . . . .  SECTION 1x1 - ECONOMIC DEVELOPMENT ' . .  ,.-- 
. . . . 

, 
. . - il. POPULATION 

. . , 
, ' . The areas  affected .by improvements considered i n  this  repor t  

l i e  pr incipal ly  i n .  Graham and. Pinal Counties, Ariz . According t o  
-.the United S t a t e s  Census, the populatiotis of those counties were' 
12,985 and 43,191, respectively, i n  1950. The 1950,0populati0n 
estimates for  t h e  pr incipal  c i t i e s  andtowns 'that would be affected 
a r e  .as follows: Safford, 3,756; Thatcher 1,284; Florence, 1,776; 
Pimaj 824~Winkelman, 548; and Coolidge, 1,306. , . 

', : 

2 OCCUPATIONS AND INDUSTRIES 
. . 

. . .  

The pr incipal  occupations i n  the area along t h e G i l a  River 
from Camelsback Reservoir s i t e  t o  the S a l t  River a r e  agriculture,  
s tack raising,  and mining. About 90,000 acres were i r r iga ted  i n  ' ' 

1956j;.poviding crops with an annual gross value of about $16,:000,00~1. 
Dairying and fat tening of range l ivestock a r e  important enterprises.  

,. . 

13, AGRICULTURE 
, 

Modern agr icu l tura l  d e v e l o p e n t i n  Safford Valleyljegan about - 1870. I n  1899, about 20,000 acres were under cult ivation.  By 1935, 
t h e ,  area under i r r i g a t i o n  .had increased t o  32,000 acres  and s ince.  
t h a t  date there  has been very l i t t l e  increase i n  the' agr icu l tura l  
area, There &e no storage reservoirs above San Carlos Reservoir, 
the.r,eservoir created by Coolidge Dam. Diversions fr0h the Gila 
R i~e rand~pumping  from undergrowd storage a r e  the sources of . . 

irrigation-water supply.- Since 1940, the  quanti ty of water pumped 
,has: increased. , I n  1940, about 120 wells were i n  use; by the f a l l  
of 194h, about 215 wells were being pumped; and 581 wel l s  were i n  

:use  i n  1952. The following tablesummarizes data on tunouat of water 
diverted 'and pumped i n  Saffard Valley from 1940 t o  1956: 

. . . .  . , 

Data.  on water diverted and pumped. i n  Safford Vallex 
. , . ,  . 

. . . .  . . .  . . : . 
, , Calendar. year . . : Surface water : Pumped water : Total  

, . . . : 
.. , ,  

1940..... ............ i ~ r :  
0 .  ... ............. .. 1945.i, r ; 

. . .  19$0,# : i ; ...,i :.. ..... ; ...,: 
1953 ...................... 
19%. ......... i ....... : 

1 ' : 
, ' 

Along the  Gila River 
Sa l t  River, nearly a l l  of 

Acre-feet : .Acre-feet  : Acre-feet 
99,693 : -600 : -293 

148,675 ::: . i .  35,000 : 183,675: 
68,504. : . . . .  90,000.~: i :15;8,,50h 
39,342 : 120,000 :.: 1.59,3&2 
42,779 : 90,000 : . 132,779 

,.,,, 9 .  . . .  . . . : : 
. . . , , .  , 

between Coolidge Dam and the mouth of t he  
the agr icu l tura l  development is included 



i n  the 100,000-acre San Carlos project. Lands within the project  
were inhabited by an ancient agr icul tural  people who t i l l e d  the f e r t i l e  

a 
s o i l  of the valley and attained considerable s k i l l  i n  the  art of i r r iga-  
tion. These lands were l a t e r  cul t ivated by the Pima Indians ard by 
non-Indian s e t t l e r s .  The Gila River Indian Reservation, including 
50,000 acres  of project  lands, was established on February 28, 1859. 
Development of the agr icu l tura l  lands continued t o  a point  a t  which 
the normal flow of the  r i v e r  had been overappropriated, so  t h a t  during 
low-flow periods water i n  the r i ve r  was in su f f i c i en t  t o  i r r i g a t e  a l l  
lands with water r i gh t s .  Federal funds were made available f o r  con- 
s t ruct ion of i r r i ga t ion  works on the Indian reservation and f o r  the  
construction of two diversion dams t o  serve both Indian and non-Indian 
lands. Ashurst-Hayden Dam, located on the G i l a  River about 10 r iver  
miles e a s t  of the c i t y  of Florence, Ariz., was completed i n  1922. 
The dam i s  11.5 f e e t  high above the downstream apron and has a c r e s t  
length of 375 fee t .  Diversion gates have a normal capacity of 1,200 
oubic f e e t  per second. Saoaton Dam, located on Gila River about 
22 r iver  miles west of the c i t y  of Florence, Arin., was completed i n  
1925. The dam is 3 f e e t  high above low-water surface elevation and 
has a cres t  length of about 2,000 feet .  Two canals, wlth a cmbined 
capacity of 600 cubic f e e t  per second d ive r t  f l o w  from G i l a  River a t  
t h i s  point. I n  1924, construction of Coolidge Dam was authorized t o  
prov$de storage on the Gila River for the control and regulation of 
floodflow. The dam was completed i n  1928. That year, the  Indian and 
the non-Indian lands were merged, .and the combined development became 
known a s  the San Carlos project. The project  area was expanded t o  
include 100,000 acres, and provision was made for  the development of 

a 
hydroelectric power a t  Coolidge Dam. 

Faci l i t a ted  by the m i l d  winters and the long growing season, 
the areas are  well  adapted cl imat ical ly  t o  the  grajing of highly 
prof i table  crops. A t  present, cotton is grown on about 50 percent 
of the  cropped acreage. Yields of cotton i n  Arizona a r e  among the  
highest i n  the nation; i n  recent years, average y ie lds  often exceed 
2 bales  t o  the acre and yields  as high a s  4 bales per acre have been 
obtained by some growers. Alfalfa  and feed grains are  grown on most 
of t he  remaining acreage. Crop values i n  the S a l t  River project  
(near Phoenix, Aris.) are  considered representative of the values 
obtained when an adequate supply of water is available. Average 
gross crop values per acre i n  the S a l t  River project  f o r  the  years 
1952 t o  1956 for  those crops grown along the Gila River were: 
Cotton, $450; al-falfa, $160; barley, $110; and grain sorghum, $80. 

1b. WATER RIGHTS . . 
Water r i g h t s  along the C~ila River from the Virden Valley i n  

New Mexico t o  the confluence of the Gila and S a l t  Rivers i n  Arizona 
are  adjudicated by a decree entered i n  the United S ta t e s  D i s t r i c t  
Court on June 29, 1935 (Globe Equity No. 59), loca l ly  known a s  the 
Gila River Decree. The decree >is administered by the G i l a  Water 
Commissioner, an of f icer  appointed by the court t o  d i s t r i bu te  t he  
available water supply according t o  prior r igh ts  o r  apportionmente. 



I 

Under the  decree, the-SanC.arlos project  has the right,  with pr ior i ty  
as  of 192b, to  s tore  the waters of the G i l a  River i n  San Carlos 
Reservoir t o  the extent of i t s  f u l l  capacity whenever water is avail- 
able f o r  storage. The decree provides t h a t  t h e  commissioner, on 
3anuary l .of .each  year, o r a s  soon thereafter as  water is st6red i n  

divertkd.. in the  upper valleys i n  disregard of the p r i a r i t i e s  &.the 
$an Carlas. project. Although water. r ights  .in.$he area. were, se t t led  
by $he Gila Decree, a serious controversy has persisted between 
cer ta in  in t e re s t s  over the diversion and use of waters of t h e  Gila 
River. Safford Valley in t e re s t s  have objected t o  the construction 
of Buttes Reservoir on the  basis t h a t  the reservoir could be operated, 
i n  conjunction with CoolidgeDq, t o  thedetriment of . t l l e i r  in te res t s .  
They.point o u t t h a t  water could be maintained i n  storage i n  Buttes. 
Reservoir ra ther  than , i n  San Carlos Reservoir and ,thereby theiraljpor- 
t i o ~ e n t , . , m i g h t  be adversely affected. They, therefore, object t o  
c ~ n s t r u c t i o n  of Buttes Reservoir unless a reservoir upstream from 
Safford Valley is" c.onstructed t o  Compensate fo r  this. i ir terference 
with t h e  present operation of the  GiLa Decree. , . .  

operated ?,o.increass the diversions i n  Safford Valley or to, increase 
the prcolat , ion t o  the .  grourd .water. Thereforej before any plan of 

United States  Highway No. 70 traverses the ent i re  length of Safford 
Valley. United States  Highway No. 666  extend.^ from the Mexitan bdxder 
t o  the S ta te  of Colorado and crosses Safford Valley a t  Safford, Arie. 
United S t a t e s  Highways Nos. 80 and 89 cross. the San Carlos project  
a t :  florence.,. kriz.  S t a t e  and county, highways and roads supply comect- 

Dam .with: the main l ine,  .. . . 

. . . .. . , ,  .. 
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SECTION IV -, CLIMATOLOGY : : & _  . 

, . ,  

16. GFNZRAL . . 
, . . . 

The climaee of the area along the Gila River fromsafford t o  
the S a l t  River i s  subtropical and arid. Short, mild wintere and 
long, hot summers are characteristic of the area. Relative htimidity 
i s  low and evaporation i s  high. The average frost-free pericd is 
as high as 250 days and: the growing season extends throughout the 
entire year for some orops. The mean:daily temperatures a t  Safford 
and a t  Casa Orande are about 66' and 71° above zero Fahrenheit. 

-. i 
17. PRFCIPITATION R E C O R E  \- ' 

Records of precipitation are available for more than 400 sta- 
tions i n  or near the area drained by the Gila River and i t s  tribu- 
tar ies  above the 6alt  River. However, the records for about 300 of 
these stations are of short duration and many of the records are 
fragmentary or incomplete. Fort Bo.yard, N.  Mex., a d  Bowie, Ariz., 
have the earl iest  records. Monthly totals a t  these stations since 
1867 are available except for a few short periods. The longest 
unbroken record of daily precipitation i s  for Tucson; it began i n  
1891. Recording rain gages have been maintained a t  F'hoenix since 
1906, a t  Tucson since 1927, and a t  Superior, Aria,, since 1939. 
Each of these stations i s  i n  or near the basin. 

The computed average annual precipitation for the 71-year 
period 1869 t o  1939, inclusive, ranges *om about 7 inches at the 
mouth of the Salt River to  about 30 inches on the crests  of the 
mountains and averages about 16 inches. 

Most of the precipitation occurs during two dist inct  rainy 
seasons. The winter season is Pram November to  March, and the 
s m e r  season from June unt i l  the early part  of September. The 
a&rage summer ra infa l l  over the eastern and southern parts of . 
the drainage basin is slightly greater than one-half the average 
annual precipitation; the ra t io  of summer t o  winter precipitation 
decreaees from southeast t o  northwest. 

18. STORMS 

Three types of storms pr'qduce rain in , the  Gila River Basin: 
Pacific storms, Mexican storms, a d  lccal thunderstorms. Pacific 
storms, which occw during the winter rainy season, originate over 
the Pacific Ocean and are composed of polar Pacific and tropical 
Pacific a i r  masses moving eastward. Such storms reflect  an oro- 
graphic influence and, though low in intensity, may l a s t  several 
days and cover the entire basin. Mexican storms result from an 
influx of moist tropical air from the Pacific Ocean or from the 
Gulf of Mexico. These storms approach the Gila River drainage area 
from the south or southeast and produce heavy precipitation on large 
areas. Such storms are subject t o  a small extent of orographic 





SECTION V - INNOFF AND FLOODS 

20. STREAMFLCW FtECORDS 

Streemflow records are available for 67 stations on the Gila 
River and i ts  tributaries above the Salt River. Records of discharge 
a t  most stations during flood periods gerperally are inadequate. The 
ear l ies t  recorded gagings are for 1889 on the G i l a  River a t  Buttes 
station, Arizona. The longest continuous record along the G i l a  
River, i n  the area unler consideration, began i n  January 1911 a t  
Kelvin, Arb. The records are published i n  the water-supply papers 
of the Geological Survey. The followipg table gives pertinent data 
for representative strem-gaging station$ on the G i l a  River from 
Camelsback Reservoir s i t e  to  the Salt River. 

Pertinent data and estimates for representative stream-gaging stf%tions, 
Gila River, Camelsback Reservoir s i t e  to  Salt River, Ariz. 

: Drain- : Period 
Location Maximum estimated f lw : age : of . 

: area : record : Peak : Date 
: : 

:=: : Cubic fee t  : 
: per second : 

Gila River a t  head of : 0 : 1 : 100,000 : Jan. 19, 1916 
Safford Valley, near : : 
Solomon, Aria, : : 

a 
Gila River a t  Calva, : l l , l i / O  : 1929-55' : 100,000 : Jan. 20, 1916 

Aria. (at  head of San : : : 
Carlos Reservoir). : 

Gila River a t  Kelvin, : 18,010 i(1889-90 f )  190,000 : Nw. 28, 1905 
Aria. (about 1 7  miles : :(1895-99 .) 

i(1911-55 1) : 
downstream from mouth : t 
of San Pedro River). : : 

: : : 

21. noODs OF RECORD 

The history of destructive floods on the G i l a  River has been 
compiled for the period 1833-1955, inclusive. Fragmentary historical 
records mention general floods i n  1833, 1862,1869, 1880, and 188b. 
Quantitative data are available for floods since 1891. 

The greatest floods of record in  the areas &er consideration 
occurred in  1891, 1905, and 1916, but descriptions and estimates of 
the floods of 188b and 1906 indicate that they were of comparable 
magnitude. Although not larger than the great floods of earl ier  
years, those of January 19l6 were the most disastrous in the history 
of the basin because of the increased economic development. Two 
Pacific storms, about 10 days apart, brought warm rain  to  melt 
unusually heavy snow covers. The resulting floods were severe and • 
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major storms, the water concentrates quickly i n  the channels, 



producing violent and des$&ctiie f l o d s .  As the v a l l e y  widen and 
the gradients decrease, the channels increase i n  size and become more 
QbSorptive. Channel storage and losses diminish the flood peaks when 

a 
no additions are made by side drainage. Winter floods resulting from 
general storms of several days1 duration are prolonged and relatively 
large i n  to ta l  volume. Peak discharges increase gradually and pro- 
gress steadily downstream with persistent force. Because winter 
storms usually mwe from west t o  east wer the basin, tk probability 
of synchroniaation of winter floods from the different tributaries 
i s  small. Peaks from downatreem (western) tributaries pass on before 
the runoff from the area farther east arrives. Summer floods, because 
of the high ra infal l  inteneities of the storms prcducing them, increase 
i n  discharge rapidly and getlerally cause severe damage when flowing 
through developed areas. Often, however, the summer storms are small 
i n  areal extent, and the severity exhibited by the flooda in  the 
upland areas of their  origin i s  dissipated in the broader, f l a t t e r  
valleys downstream. Sumrner storms may be stationary or, on southern 
tributaries, may mwe i n  a general downstrean direction; hence, 
summer floods from several tributaries are more l ikely t o  coincide 
i n  the main stream. The probability of coincidence of peak flows 
i s  some~rhat reduced by the fact  thst summer storms usually are con- 
centrated on one or two tributaries. 

The base flow, made up of contributions from grourd water, 
melting snow, and surface runoff from rain prior t o  the flocd- 
producing intensities, is relatively small i n  the G i l a  River Basin 
streams in  comparison with the siee of peak floodflows although it 
waa given consideration in  the construction of bytlrographs of 

a 
floods. Some authorities believe that  a decrease i n  the base flow 
and an increase i n  the frequency arid magnitude of floods have 
occurred since the advent of the white man i n  the Gila River Basin. 
The change in  conditions i s  attributed t o  the reduction of proteo- 
t ive ground cover and to  accelerated erosion cawed by wergrasing 
of the rangelands i n  the areas producing runoff. 

23. FLOCD FREaUENCIES 

The probable future fl-equencies of floods of variow magni- 
tudes were determined for the purpose of estimating the econcmio 
value of flood-control improvements. Because of the relatively 
short period of recorded stream measurements, historical  informa- 
tion about floods that  occurred prior t o  those measured w a s  used 
i n  the frequency studies. This historical  information relates 
principally to the large floods. The assumption was made that 
smaller flooda occurred during the period not covered by recorda 
of measurement with the same frequency as during the period of 
record. 

Records of peak flms.  during the kl-year peridd, 1915-1955, 
and historical accounts of floods extending back t o  1884 were wed 
i n  preparing a discharge-frequency curve for the Oila River a t  the 
head of Saffmd Valley, near Solomon, Ariz. (See pl. 1, apperdh 2.) @ 
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24, STANDARD PROJECT FLOOD 
i 

[ A standard project  flood may be defined a s  a large hypothetical 
i flood tha t  would be exceeded only on ra re  occasions. Such a flood 

could occur i n  the area under consideration i f  a storm equivalent 
i n  magnitude t o  the l a rges t  general storm of record i n  the region 
were t o  center over the bas in  when ground and meteorological condi- 
t ions  were conducive t o  a high r a t e  of runoff. Estimates of the 
magnitude of such a flood serve not only as a reasonable yardstick 
for  determining the flood-producing po ten t i a l i t i e s  of tha t  par t  of 
the basin but a l so  as a reasonable upper limit i n  determining the  
s i z e  of the flood t h a t  should be considered i n  designing flood- 
control improvements. 

Upstream from the mouth of the San Pedro River, estimates of 
the magnitude of the standard project  flood along the G i l a  River 
a r e  based on calculations of runoff t ha t  would r e su l t  i f  a storm 
having character is t ics  of the January 1916 stonn were centered over 
the area. Detai ls  of the  standard project flood a t  a point j u s t  
upstream from Safford Valley are  given i n  the following table:  



Estimated peak discharges, standard project flood, Gila River at  a 
pinf just uptream from Safford Vallty 

Item Unit 
1 
: Magnitude 

i 
. . River mi le . , . . . . . . . . . , . . : . . . , . , . .  ..,...,........... : . . . . . . . . . . .  439 . Drainage area. ......., .. : Square miles.. ....,...... 7; 530 

Peak discharge.. .. .'. .... : Cubic 'fe@t..per second.. .: 1'1S,OOO 
Volume. .................. : Acre.-.$set.. ................ : '. 665,000 
Duration ................. D a y s . ; . . ,  ............... : 9 
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1 
' df ;Safford Valley t o  ,Sari Carlos ,Reservoir and ,consiets '?if ?5roa&-' 

. . 

j 
' s t r i p s  of ag r i cu l tu ra l  land roughly p a r a l l e l i i i  t h e  main charhe1 ' 
: . &n!the Safford .Valley and i n  t h e  .San :Carlos Indian qeqervation.;:: 

, .The t o t a l  area  , in .the: flood plein amounts t o  22,500 acres. . Of: the  
: ' i2,800 cul t ivated acres  sub-ject t o  overf'm, 12$'00 a.c,res .are findiuded 

. , , . in *the Safford .Valley and 300 acres are .in the  San C,arlos Xpidian i 
, !Res.qvation, . The -principal tobms .and communities, a r e  outside %he. 
: flo'od plain .  A small .s@division of .very low-valued homes a b ~ u t  , :  , 

' 2 &es e a s t  o f  the c i t y  of Safford i s ,  however,, sqbject  t a  wqf low.  
: , :The area subject  t o  overflcw upstream from Sen Carlop .Rsservoir i s  

':show,n.'on a e r i a l  mosaics, p la tes  2 ,  t o  5. . No,,,appreciable flood-control 
..:.; . , b e n e f i t s  would accrue downstream from Coolidge D q n  a s  :a , resu l t  of 

. construction of the improvements considered i n  ~. , . .  , . . , , . 
report. 
, . ,  . 

26. TYPE AND VALUE OF DIPROVENENTS 

The present value of agr icul tural  property and i r r i ga t ion  works 
i s  estimated a t  about 85 percent of t h e  t o t a l  value within the area. 
Agricultural improvements include farm buildings (exclusive of dwell- 
ings) and equipment, fences, farm roads, crops, and livestock. 
I r r iga t ion  Vorks include diversion s t ructures ,  canals and appurte- 
nances, wells, and pumping equipment. Most of the diversion s t ructures  
are of temporary character, subject  t o  repeated damage o r  destruction 
by floods, Many low-lying canals a r e  within the overflav area. Farm 
dwellings and r e s iden t i a l  properties are  of medium t o  l c w  value. 

Three highway bridges, a t  Safford, Pima, and Calva, Arie,, a r e  
subject  t o  damage. The highway bridge a t  Calva i s  now under con- 
s t ruct ion t o  carry the transcontinental  t r a f f i c  of United S ta tes  
Highway No. 70. The Calva bridge of t he  Southern Pacific ra i l road  
i s  a l so  subject  t o  damage. U t i l i t i e s  subject  t o  damage a re  e l e c t r i c  
transmission l ines ,  telephone and telegraph l ines ,  and gas pipelines. 

A s  indicated under the  previous heading llAgriculture," there 
has been very l i t t l e  increase i n  the agr icu l tura l  area i n  Safford 
Valley since 1935. The agr icu l tura l  economy has been generally 
stable. Therefore, no increase i n  agr icu l tura l  development over the  
next $0 years was assumed under ex is t ing  conditions. A summary of 
information on the type and average future value of property i n  the 
overflow area under de ta i led  consideration i s  given i n  the following 
table:  

1 7  
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. SECTION v ~ i  - FLOOD D A M A G ~  

, ,.: 
, . 

"FROM PAST FLOODS . . .. . 
. . .  

Floods on the G i l a  ~ i v e r  have -cost  many. l i ves  and have' caused 
severe damage t o  property. Complete. data on dakages from .past-floods 

: a r e  n o t  available. Newspaper accounts supply ipcotnpJete. flpad-damage 
descriptions of floods t h a t  have occurred since 1890,. .Ijp+yvera 

. monetary ,estimates a r e  very limi*ed. Diversion d*s.'and canal.,:bead- 
. % ings have been destroyed  repeated?^. . ,Bank erosion..has robbed the  

. , ,agr icul tural  . , valleys o f  .much valuable . land. : . . ,  .. 

. , 
. . 

, ,. 
' ,... The e e a t e s t  losg of land i n  any 1 ye& occurred i n  1905, when 

t h e  Gila River was :in flood for  ir moriths and destroyed seviiral. 
: , tho.usand acres  i n  Safford Valley. Compi3.ation~o~.incomplete data  

:, . submitted by: l oca l  i n t e re s t s  on floods t h a t  occurred. a f t e r  1879 on 
. t h e  Gila Riyer and t r ibu ta r i e s  above Coolidge'D6.n'shows tha t  t h e  
' repmted aamage was'+re than, $3,500,000. Most of t h i s  damage 

occurred i n  Safford Valley. . , 

28. DAMAGES FROM FUTURE FLOODS 

: . Damag6s"from & $ h e  floods would be' greater than..from pa& 
flodds because of increased development i n  the a r e a s u b j e c t  %ij;over- 
f low and because of the deterioration of the flood channel. I n  

.. estimating the  damage ;from a .single flood, considerationwas: given 
' '  

t o  t hep rob ib le  extmt of' i t s  overflow area, the tgpe and value of 
property sub jec t ' t o  damage,' ahc, the extent of'd'amage thatwould occur 

'- t o e a c h  type of property corn floodwaters of computed klepth and 
' velocity.' The selected magnitudes range from the discharge t h a t  
.... would cause a small amount of amage t o  the discharges of the'sTandard 

project flood. ' Along t h e  Gila River Tram the upper end of Safford 
V a l l e y t o  San Carlos Reservoir,. Qnly a small amount of additional 
deblopment i s  anticipated over the next 50 years and eatiinates of 
damages, are .  the same under average future  conditiens as  under present 
.conditions. . . . . , 

. , . , . > .  .. 
.Pertinent infohiation on the' d i r e c t  and indirect  damages under 

average future  conditions 5n the overflow area along the G i l a  River 
from the upper end of Safford Valley t o  San Carlos. Reservoir i s  given 
i n  the  following two tables: 

. 
. .. . . 

. . , .  , , . I, , .. . ,*,. :. , . . 
, , .  

. .  . .. . . . 
, . .  . .  :. . . 

, . , , . . . .: . , . . , . ' , .  . . . , . .  . . .  , . , 
: ; , / , . . . . . . . . . I .  . . . . ., 

. , . . .  . . . .  . , ' .  .. . . .  
. . .  ,. .: I - 
. . 

I 
! > . ,  

. . . .  . : . ,  

I : a .~ , : , 
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i.eprese,kts the  estimated dotal: fload damages during a 100-year ~. 

period; and t h a t  t o t a l ,  divided by. loo,, is the estimated average: 
annual flood damage. ": The average annual future  flood damage i n  the 

t overflow area along the Gila River between theupper '  end of Safford 
Valley'land Sari' Carlos,; Reservdir is estimated'-at $337,000. Additional 

" 'Rrifdrination on' f lood, damages i s  given i n  Appendix '2 : Benefits' f $om 
flobd control," .,' ' ' 

, .  , .  . .  

,., . .. , . : , . .  

3 0 , ~  IWANGIBLE DANAGES FRON FUTURE FLOODS , , 
, , 

Future floods along the  Gila River would cause serious damages 
no$. calculable : i n  term$ of monetary value. The, flood of 1891 oaub ed 
the lo s s  of eight l i v e s  i n  Saf ford Valley. Intangible -damages from 
future floods would Pesu1t::from los s  of l i f e ,  de l ay  i n  shipment of 
perishable' products,' interfuption of passenger t r a v e l  on railroads 
and highway&,, i s o l a t i o n ~ . o f  scomin~nities, interruption of home, l i f e  
and of sohool. and . otli tr  oommunity ac t iv i t i e s ,  inconveniences caused 

: i b y ~ - W t e m p t t o n  of ~ b l i c - t t t i l i t y  services, lowering of property 
values because, of  fear  of floods, and :general' lowering ,of conminity 

: .  . ': ; mmale. . . ,., ., . , 
. : .  ., . . 

. . . , . . 
, , ., 

! 
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SECTION V I I I  - EXISTING IMPROVEMENTS 

31. MISTEKI CORPS OF ENGINEERS FLOOD-CONPROL PROJECTS 
, ~ 

TWO flood-control projects have, been authorized $or construc- 
t ion  by the Corps of Engineers i n .  t he  G i l a  River Basin upstreipn.from 
the mouth of the S a l t  River.' Neither of these two projects, WhiClow 
Ranch Reservo'ir ( o n  Queen Creek) -or Tucson flood-control channel 
( i n  t h e v i c i n i t y  of Tucson), a f f e c t . t h e  flood problem i n  t h e  area 
under detailed consideration i n  t h i s  report .  , . 

. . 

32.' IMPROVEM!~NTS BY OTHER FEDERAL AND' NON-FEDERAL AGENCIES' 
. .  . 

. Coolidge Dan on the ails ~ i v e r  a t  mile 3b9 was cons tkc t ed  by 
the United States  Ind ian  I r r i g a t i o n  -Servioe a t .  a c ~ s t  of $~,250,000. 
The la rge  capacity o f  San Carlos Rese rvo i r , i n i t i a l l y  1,195,000 
acre-feet, i s  required for  long holdover storage in the i n t e r e s t  of 
water- conservation.. Although empty space i n  the  reservoir  frequently 
i s  euf f ic ien t  t o  oatch'and s to re  all floodwaters f r o m t h e  drainage 
area above the d a m t h e  a v a i l a b i l i t y o f  such space cannot be depended 
upon for : f l o e  .:control because the metliod of operation ,is designed 
priniarily t o  coherve  water. S e n  darlos Reservoir is ~ b o v e  the mouth 
of the  San Pedro River and therefore has no e f f e c t  on floods thd t  
or iginate  on tha t  stream. 



SECTION ' IX - ~M~OVEMENTS DESIRED 
. , . , 

.p,>: ?.. 

33.  PUBLIC HEARING . .  ! 

Two public heartogs were held jointly- by the Department of t he  
Army and the .  Department of A @ i d l t u r e  t O  determine the desires  of 
l oca l  i n t e r e s t s  conowning flood 'control  along the G i l a  River from 
Camelsback Reservoir s i t e  t o  the S a l t '  River. They were attended by 

, 270-'personsj including representatives of various agencies of the  
FedBral'GoVernment, o f f i c i a l s  of t he  S t a t e  of Arizona and its pol i t -  
i c a l  subdivisions, representatives of l oca l  c iv ic  or ganizations, 
and interes&d pr ivate  c i t izens .  The meetings were held a t  Safford, 
Ariz., and Phoenix, Ariz., on September 29, 1937, and 0ctober 20, 
1938, respectively. 

34. IMPROVEMENTS DESIRED BY LOCAL INTFRESTS 

The public hearings and subsequent contact with loca l  i n t e r e s t s  
disclosed t h a t  loca l  i n t e r e s t s  desire construction of ( a )  a dam a t  
or  near the Camelsback s i t e  on the Gila River upstream from Coolidge 
Dam, (b) a dam downstream from Coolidge Dam e i ther  a t  the Buttes s i t e  
on the G i l a  River or  on the San Pedro River near i t s  mouth, and (c) 
channel improvements extending from a dam a t  o r  near the Camelsback 
s i te  t o  the Ashurst-Hayden diversion dam. 

35'. REASONS ADVANCED I N  JUSTlFICATION OF IMPROVEIIIENTS DESIRED 

The principal development above Coolidge Dam i s  i n  Safford 
Valley, where a t o t a l  of about 32,500 acres of land has been r e c l a i m d  
by i r r iga t ion .  These lands, which a re  marginal t o  the G i l a  River, 
a r e  t o  a great  extent subject  t o  flood damage due t o  bank erosion 
and overflow, Since the beginning of i r r i ga t ion  i n  t h i s  val ley i n  
1872, progressive erosion of streambanks has destroyed more than 
10,000 acres of arable land. Local i n t e r e s t s  a lso point out t h a t  
l a rge  water losses  occur a s  a resu l t  of the  in fes ta t ion  of phreato- 
phytes along the channel of the Gila River. 

Floodwaters downstream from Coolidge Dam cause damage t o  agr i -  
cu l tu ra l  lands, i r r i ga t ion  works, and other improvements i n  t he  San 
Carlos project  area. The s i l t - laden floodwaters of the San Pedro 
River cummingle with the waters of the G i l a  River. A par t  of t h i s  
flow i s  l a t e r  diverted i n t o  the i r r i ga t ion  canals leading t o  the 
San Carlos i r r i g a t i o n  project  and a par t  i s  wasted downstream. The 
si l t  causes great  damage t o  crops. A severe shortage of water ex i s t s  
i n  the San Carlos project  area. No storage ex is t s  t o  control  and 
regulate  summer floods occurring on the San Pedro River. Local 
i n t e r e s t s  i n  the  San Carlos p o j e c t  area  s t r e s s  t he  necessity f o r  
optimum control  and u t i l i z a t i o n  of the  flow in the San Pedro and 
Gila Rivers. They therefore desire a multiple-purpose reservoir  
e i t he r  on the  G i l a  River upstream from the Ashurst-Hayden diversion 
dam or on the  San Pedro River. 



SECTION X - FLOOD PROBLEMS AND RELATED PROBLEMS 

36, noca, P R O B L ~  

Floods along the  Gila River cause recurrent damage of major 
proportions by eroding farmlands, cut t ing streambanks, and changing 
the shape and locat ion of channels3 overflming stream channels and 
caueing inundation of farmlands; and damaging and destroying i r r i ga -  
t ion,  communication, and transportation f a c i l i t i e s .  I n  Safford 
Valley, about 12,800 ,acres of intensively developed i r r i ga t ed  f am-  
land (about LO percent of the t o t a l  cult ivated acreage i n  the valley) 
a r e  subject  t o  overflow and damage., Below Coolidge Dam md upstream 
from the S a l t  River, about 50 percent of the area cult ivated i n  1955 
i s  subject t o  damage. I : 

~loddw'aters of t he  t r ibu ta ry  streams are heavily laden with 
s i l t  eroded from the land surface and scoured from the channels. 
During summer floods on the t r ibu ta r ies ,  when the Gila River i s  not 
usually i n  flood, the force of the peak flows from the s ide 'ltreama 
i s  dissipated rapidly i n  the main channel and much of the s i l t  load 
i s  deposited, causing divided channels and meandering flow i n  the 
Gila  River. Because depositing the s i l t  load reduces the channel 
capacity - and because the subsequent growth of vegetation i n  the 
deposited material increases its resistance t o  scour, small f l a sh  
floods may overflow the banks before degrading the strembed. , 

A combination of a comparatively dry r iver  channel and a high 
e 

water tab le  i n  par t s  of Safford Valley has resul ted i n  an infesta- 
t i on  of water-lwing plants  (phreatophytes) t h a t  have achieved almost 
maximum densi ty  i n  many locations. With the channel thus choked, 
i ts  capacity is seriously reduced and the occurrence of even a small 
flood along t h e  Gila River could r e s u l t  in serious damage t o  the 
agr icul tural  a rea  i n  Safford Valley. 

37. WATER-CONSERVATION PROBLEMS 
h 

Flood problems along the Gila River are  r e l a t ed  closely t o  tts 
problems of water conservation and water u t i l i za t ion .  Because of 
t he  flashy nature of the streamflow and the high sediment content 
of floodwaters, u t i l i z a t i o n  of the  runoff i s  incomplete. That pro- 
portion of t he  water resources of the area t ha t  can be u t i l i z e d  
effect ively under present conditions closely governs values of lands 
and improvements and limits the area under cult ivation.  Because 
water i s  a v i t a l  f ac to r  i n  the economy of the area, maximum u t i l i za -  
t i o n  of the available water supply is essent ia l .  Control of tl-s 
Gi la  River t o  prevept flood damage should be accompanied by conserva- 
t ion f o r  l a t e r  benef ic ia l  use of a s  much as possible of the flood- 
waters. 

The Gila River i s  a violent ly  fluctuating stream whose flow 
is not by nature adapted t o  the seasonal dsmands of i r r iga t ion .  
Since 19&, the annual discharge a t  the head of Safford Valley @ 

21r 
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has ranged from about 73,000 acre-feet i n  1991 t6 abdut 1,600,000 
acre-f ee t  i n  1915, with monthly variations of proportional mag.& - 
tude, The greater par t  o f  the annual flow occurs i n  winter, when 
the  i r r iga t ion .  demand is least ;  i n  summer, when ' t h e  demand i s  . :., 
greatest ,  the flow is def ic ient .  , . 

. As discussed under the  previous heading 'Water Rights," diver- 
s ions i n  Safford Valley a re  dependent t o  some extent upon the ': 

quantity of water . ' s ta red  i n  San Carlos Reservoir. Consequently, : 
landowners both upstwarn and downstream from Coolidge Dam have' an 

: interes% i n  having as-much floodflow as  possible reach San Carlos 
Reservoir. 

Under present conditions, phreatophytic growth within the  
channel of the Gila River transpires tremendous amounts of water 
annually; Saltcedar, mesquite, arrowweed, and baccharis are t h e  
principal phreatophytes i n  the river-channel area. According t o '  
theBureau of Reclamation, the;,net annual use ,of water'per acre 
fo r .  salixedar (whi.ch~.comprises over 80 percent :of the': mowth t o  be 
cleared), assuming100 percent density, .amounts.to 6.6 acre-feet - 
nearly twice the  annual water m e  (about 3.5.acre-feet) fo r  c u l t i -  
vated crops, The' average annual t ranspirat ion by phreatophytes i n  
the channel of the Gila River from the upper end of Safford Valley 
t o  San Carlos Reservoir. and from t h e  mouth of the San Pedro River 
t o  Buttes Reservoir s i t e  is estimated by the'Bureau, a f t e r  cofisider- 
ing the a rea l  and ver t ica l  densi t ies  of the various phreat ophytes 
i n  the channel area, a t a b o u t  48,000 acre-feet. (See Appendix 3: 
Water salvage a d  benefits ,  channel clearing - G i l a  River, Safford- 
San Carlos Coordinated Investigations .) Such consumptive water use 
reduces the amount of water available for  diversion. 

exis t ing storage capacity is ample for  maximum feasible  cokervat ion 
and regulation of the t o t a l  inflow. However, the  flow of the San 
Pedro River, which enters  the G i l a  River downstream from Coolidge 
Dam and upstream from the Ashurst-Hayden diversion dam, is not regu- 
la ted  and much of the floodflow i s  wasted or inef f ic ien t ly  ut i l ized.  
The i r r iga ted  and b r i g a b l e  acreage i n  the San Carlos project i s  much 
greater than the area that can be i r r iga ted  by the controlled surface- 
water supply. The surface-water supply i s  supplemented by pumping 
f'rom wells, but the combined surface and ground-water supply has 
never been suf f ic ien t  t o  i r r i g a t e  a l l  project  lands, and those lands 
tha t  have been i r r iga t ed  have seldom received a f u l l  supply of water. 
The maximum acreage ever i r r iga t ed  was about 80 percent of the  t o t a l  
project  lands, and i n  recent years the i r r iga ted  acreage has averaged 
only 55 percent of t h e  project area. 



38. SEDIMENT PROBLW 

Deposition of sediment i n  San Carlos Reservoir i s  decreasing 
the water-storage capacity. Because the reservoir was completed a t  
t he  beginning of a long dry period and has never been f i l l ed ,  the 
decrease i n  net  capacity has had no e f fec t  on the y ie ld  from the  
reservoir up t o  the present time. Over a long period, however, a 
reduction of the average annual yield of water for i r r iga t ion  of ' 
the  San Carlos project w i l l  r e su l t  and, unless preventive measwes 
are  taken, sedimentation of the reservoir w i l l  shorten its u s e f i l  
l i f e  , 

I 

In  many places upstream frolh the mouth of the Sa l t  River, s i l t  
is deposited on agricul tvral  lands d i r ec t ly  by floodwaters or bJr' 
water diverted from streams for  i r r igat ion.  Generally, i n  the 
valleys above Coolidge Pam, surplus winter streamflow is used t o  
f lush the si l t  from the  canals; but, i n  the San Carlos project, no 
surplus flow is available f o r  tha t  purpose. S i l t  from the San Pedro 
River is deposited i n  the i r r iga t ion  canals am3 l a t e r a l s  throughout 
the San Carlos project. S i l t  deposited by i r r iga t ion  water on the  
cultivated land causes the surface of the f ie lds  t o  be uneven, lowers 
the permeability of certain types of so i l ,  reduces crop yield, increases 
i r r iga t ion  costs,  and thus reduces farm revenues. Removing the silt 
from tha ditches, and releveling ard reclaiming the land are expensive 
operations. 

39.  METHODS OF IMPROVEMENT CONSIDERED 
a 

Maximum u t i l i za t ion  of the  water resources of the Gila River 
above the S a l t  River requires coordinated development for  f l o d  
control, water conservation, and sediment control. The oontrol of 
Moods by flood-control reservoirs, multiple-purpose reservoirs, 
and channel improvements was considered. Detailed consideration 
i n  t h i s  report i s  limited t o  channel iniprovments. 

I a 

, i . '  
8 .  
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! I SECTION X I  - PLANS OF IMPROVFNENT CONSIDERED 

I 40. i PLANS CONS IDERED 

The plan of improvement presented i n  d e t a i l  i n  t h i s  report  was 
I developed as: par t  of a Comprehensive plan (a)  t o  control the flood- 

waters :of the..'Gila and Sah".Ped?o Rivers, ' (b) t o  salvage as  much of 
those floodwaters a s  praot icable  f o r  u t i l b a t i o n  by i r r iga t ion  
intereljts, and (c) t o  reduce the sediment deposition i n  S&,Carlos. 
Reservoir and on the lands of the San Carlos project.  The plan of 
development i s  t h e  resu l t  of a joint  investigation by the Corps of 

- Engineers and. the Bureau of Reclamation. Thecorps  of Engineers is 
primarily responsible for the .  formulation of and the, design of the 
channel improvements and Earven Reservolr. On the ,o ther  hand, the 
Bureau of Reclamation i s  primarily responsible fo r  ' the formulation 
of and design of.Buttes Reservoir and appurtenances. 

. . . .  
. . 

1 COMPRMENSIVE FUN OF I M P R O ~ E N T  . . . . 

To provide optimum Me of rmt& ,resources i n  the drainage a r e a  
of the Gila River between Camelsback Reservoir s i t e  'and the mouth of 
the Salt-River,  consideration was given t o  a comprehensive plan of 
improvement providing for: (a) A flood-control reservoir a t t h e  
Earven s i t e  o n  t h e  G i l a  River - a t  r i ve r  mile b39; (b)  channel improve- 
ments consisting of channel clearing along the  Gila River between a (1) t h e  upper end. of Safford Valley (r iver  mile 435) and the San 

. ,Carlos Reservoir ( r iver  mile 357) and (2) themouth :of the  San Pedro 
River ( r iver  mile 319) t o  'the upper end of Buttes Reservoir s i t e  
( r iver  mile 303); and ( c )  a multiple-purpose reservoir a t  the Buttes 
s i t e  ( r iver  mile 287). A reservoir a t  the Earven s i t e  with suf f i -  
c i en tcapac i ty  t o  control a standard project f lood would increase 
flood. stages Ln the .  c i t y  of Clifton, Arie. Therefore, consideration 
w i l l  be given t o  a reservoir providing pa r t i a l co r i t ro l  f o r  Safford 
Valley. Clearing the channel from the upper e n d o f  Safford Valley 
t o  the Buttes Reservoir s i t e  would resu l t  i n  p a r t i a l  protection t o  
lands and improvements i n  Safford Valley and i n  the San Carl- Indian 
Reservation upstream from Coolidge Dam and would reduce the non- 
beneficial  use of water by phreatophytes in the channel area. Buttes 
Reservoir would provide for the conservation of the floodflows 
originating downstream from Coolidge Dam, The reservoir would provFde 
flood and sediment control and water conservation. 

b2. PLAN OF IMPROVEMENT CONSIDERED I N  THIS RFPORT 

I Studies on the comprehensive plan indicate t h a t  the channel 
! 
i improvements can be constmcted, a t  t h i s  time, as  an economically 

feasible un i t  under t h a t  plan. Construction of the channel improve- 
ments is not dependent upon the other units considered. As a resul t ,  

i detai led consideration i s  limited i n  t h i s  report  t o  channel improve- 
1 ments only. The Bureau of Reclamation, with the  cooperation of the 

i * Corps of Engineers, is studying Buttes Reservoir and is scheduled, t o  

I 
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complete a f e a s i b i l i t y  report  of tha t  reservoir i n  about 1 year. 
The Corps w i l l  give fur ther  consideration t o  the Earven Reservoir 
under the outstanding authori ty  fo r  a comprehensive study of the 
Gila River Basin. 

Channel improvements along the Gila River would consist of a 
cleared floodway for  about 94 miles from t h e  upper erd of Safford 
Valley t o  San Carlos Reservoir and from the mouth of t h e  San Pedro 
River t o  the Buttes Reservoir s i t e .  The Gila River channel from 
Coolidge Dam t o  the mouth of the San Pedro River is narrow and is 
limited by rock formations. Practically no phreatophytic vegetation 
is i n  t h i s  reach of the r iver .  Saltcedar and other vegetative growth 
within the proposed cleared area (about 14,300 acres)  would be cleared 
by mechanical means. The area t o  be cleared would have a maximum 
width of about 5,000 f e e t  and an average width of about 2,500 feet .  
A f r inge area, with a width of 50 f e e t  adjacent t o  the bank, would 
be l e f t  untouched t o  prevent bank erosion. Aerial maps, plates  2 
t o  10, indicate the location and extent of the channel clearing under 
the recommended plan. 

Consideration was given t o  an excavated and leveed channel t ha t  
could convey flood releases of 5,000 cubic f e e t  per second f rm 
Earven Dam s i t e  t o  Buttes Reservoir. Such a channel was estimated 
t o  cost  about $4,000,000. However, s tud ies  indicate ( a )  t h a t  such 
a channel would be economically infeasible  t o  maintain and (b) t h a t  
no appreciable savings of water would r e s u l t  from t h i s  construction. 
Therefore, no fur ther  consideration was given t o  inclusion of an exca- 
vated or leveed channel i n  the area under consideration. 
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SECTION . X I 1  . - ESTIMATES OF FIRST COSTAND ANNUAI; CHARGES 
. . 

43. ESTIMATES OF FIRST 'COST 

The estimated first cost f o r  the  improvements considered i n  
d e t a i l  i n . t h i s  r epo r t  comprises expenditures for  clearing the r i ve r -  
b o t t ~ m  g r d h  and f o r  rights-of-way. No appreciable costs  are 
involved.. for  re locat ion of roads, bridges, o r  u t i l i t i e s .  Estiinates 
of cost  are  based on price leve ls  f o r  December 1957. Allowances a r e  
made f 6 r  engineering, overhead, ,inspection, ,and contingencies. 

. . ., 

~ h r e e  methods of destroying phreatophytes, principally saltcedar,  
were considered: (a) Burning, (b) chemical treatment, and (c) mechani- 
c a l  meins.' (See Appendix 1: Bases f o r  design and .,cost estimates. ) 
Numerous experiments a r e  berng conducted by Federal, s t a t e ,  and loca l  
groups on these means of eradication, but no N n a l  conclusions have 
been reached. Information t o  date indicates t ha t  burning and chemical 
treatment a r e  not completely e f fec t ive  and would s t i l l  reauire  mechani- 
c a l  means of clearing the  floodway. Therefore, fo r  t he  purpose of 
preparing an adequate cost estimate,, destruction of phreatophytes by 
mechanioalmeans was assumed. Material would be removed from the area 
by burning or  other adequate means of dispcssl .  

. .  . 

  he first cost  of the proposed channel c lear ing. .based on. 
December 1957 prices, i s  estimated a t  $1,770,000, of ,which $1,570,000 

i i s  for  'construction and $200,000 i s  for  rights-of-way. Detai ls  of 
the estimated first cost  of the  recommended plan are given $n 
appendix 1. 

. . . . I 44. ESTIMATES OF ANNUAL CHAROES i 
; 

The estimate of annual charges for  the plan of improvement con- 
sidered i n  t h i s  report  Includes i n t e r e s t  on the t o t a l  investment, 
amortization of t h e  t o t a l  investment i n  50 years, and average annual 
costs of maintenance anrl operation. Maintenance and operation charges 
for  the above plan of improvement a r e  estimated a t  $50,000 annually. 
(See appendix 1 . )  The construction period for  the  channel improve- 
ments i s  estimated a t  om calendar year; therefore, i n t e r e s t  during 
construction would not  be charged against t h a t  par t  of the plan. 

The construction cost of the  channel improvements would be borne 
i by the  United States ,  but  repayments would be required from water- 
I conservation in t e r e s t s  for  t h a t  par t  of the cost al located t o  water 

1 conservation. The cost  of lands, easements, and rights-of -way, and 
! 

the cost  of maintenance and operation would be borne by loca l  in te res t s .  
i Estimates of the first cost  and annual charges for  the recommended 
i plan a r e  given i n  the  following table: 
i 

1 

i 
! 
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Estimated f irst  cost  and annual charges, channel clearing,  Gila 
River, upper end of Safford Valley t o  Buttes Reservoir s i t e  ' 
n a s e d  on pr ices  for  December lYb7) 

a. Federal first cost  and investment: ........... (1) Cost of clearing channel.. $1,570,000 

b. Federal annual charges8 - 
(1) In te res t  and amortization i n  

50 years a t  2.5 percent, 
0.03526 times item a , .  ............. - 55,000 

(2 )  Total  Federal annual charges.... 55 , 000 - 
c,  Mon-Federal f i r s t  cost and investment: - 

(1)  Rights-of-way. .................... . J .  200 000 A 
d. Non-Federal annual charges: - 

(1)  In te res t  and amortivation i n  
50 years a t  2.5 percent, 
0.03526 times item c.. ............. 7 , 000 

(2)  Maintenance and operaxion 
(average annual ) ................... 50,000 

( 3 )  Total  non-Federal annual 
charges....... .,.............. 57 000 A 

e . .  Total  annual charges: - . . . (1)  Fsderal ................................. 55,000 
( 2 )  Won-Federal.. . . ......................... 

. . 
57,000 . . 

. . ...... . ., . '  , , .  , . . 
( 3 ) '  Total  annual charges. ............. . . 

112,000 



SECTION XI11 - FSTIK4TES OF BENEFITS 

45, TANGIBLE BEXEFITS 

Tangible benefits  from plans of improvement considered i n  t h i s  
report  would r e s u l t  from (a) prevention of d i r ec t  and indirect  flood 
damages and (b) conservation of w a t e ~  for  i r r iga t ion  use. No appre- 
ciable tangible benefi ts  from an increased u t i l i za t ion  of land would 
r e s u l t  from the  hprovements considered. The shortage of  water i n  
t h e  areas under consideration would prevene an appreciable increased 
u t i l i za t ion  of property. 

6 BENEFITS FROM ILOOD CONTROL 

Clearing of the Gila River channel would e f f e c t  p a r t i a l  flood 
control by increasing channel capacit ies w i t h  attendant lowering of 
the  water-surface elevations of future  floods and with resul tant  
reduction i n  the extent of the flooded areas. Primary flood-control 
benefits  from channel c lear ing were obtained by determining the 
difference between those primary flood damages (d i rec t  and indirect)  
t h a t  would occur i f  the considered improvements were not provided 
and those primary flood damages tha t  would r e s u l t  even a f t e r  con- 
s t ruct ion of the improvements. Total  average annual primary flood 
damages along the  Gila River from the upper end of Safford Valley 
t o  San Carlos Reservoir would be reduced from $337,000 t o  $245,000. 
Average annual primary flood-control benefits  from channel clearing 
would theref ore amount t o  $92,000. More de ta i led  information regard- 
ing the determination of flood-control benefits  is given i n  appendix 2. 

47. BENEFITS FROM WATER COLISERVATION 

Eradication of the phreatophytes i n  the Gila River channel would 
r e s u l t  i n  the salvage of some of the  water presently consumed by the  
r ive r  growth. The Bureau of Reclamation estimates tha t  the net  
increase of water t o  the  farmers resu l t ing  from clearing the  Gila 
River channel from the upper end of Safford Valley t o  the Buttes 
Reservoir s i t e  would amount t o  19,800 acre-feet annually. (See 
Appendix 3: Water salvage and benefi ts ,  channel clearing - Gila 
River, Saf f ord-San Carlos Coordinated Investigations. ) 

The Bureau of Reclamation has estimated the i r r iga t ion  benefits  
on the basis  of those increases i n  ne t  income t h a t  would r e su l t  from 
project development. It was assumed, fo r  purposes of this study, . 
t h a t  the conserved water would be used t o  i r r i g a t e  additional land 
within the confines of existing farms. The d i r e c t  i r r i ga t ion  benefits  
a s  defined by the  Bureau were measured by the increased net  income 
t o  the project farmers. The indirect  benefits  from i r r iga t ion  as  
defined by the Bureau represent the increase i n  ne t  income t o  the 
off-farm handlers and processors of the  increased production. Average 
annual water-conservation benefits  were estimated by the Bureau a t  
$232,000 d i r e c t  (primary) benefits  and $714,000 indi rec t  (secordary) 
benefits, fo r  a t o t a l  o f  $9~6,000. 



The conserved water would not  be physically separable frcon the 
natural  flow i n  the stream and would not be delivered t o  any indi-  
vidual, group, o r  i r r i ga t ion  d i s t r i c t .  The r i v e r  powth upstream 
&om Coolidge Dam reduces t he  inflow i n t o  San Carlos Reservoir and 
somewhat reduces the amount of water avai lable  f o r  diversion i n  
Safford Valley. Phreatophytes downstream from Coolidge Dam reduce 
the amount of water available f o r  diversion a t  Ashurst-Haydev Dam, 
Under the Gila Decree (see previous paragraph on 'Water Right&"), 
diversions upstream and downstream from Coolidge Dam are  dependent 
t o  some extent upon the quanti ty of water stored i n  San c a r d  
Reservoir upstream from Coolidge Dam. The Gila Decree a f fec t s  

' 
lande' i n  Virden Valley i n  New Mexico and Duncan and Safford Valleys 
i n  Arieona. Downstream from Coolidge Dam, the decree a f fec t s  lands 
i n  the v i c in i ty  of Winkelman, Aria., and i n  the Sen Carlos project, 
which comprises both Indian and non-Indian lands. 

b8. INTANGIBLE BEWITS 

Many benef i ts  not susceptible of monetary evaluation, but  
nevertheless of importance, would accrue from the improvements 
considered i n  t h i s  report. Pa r t i a l  control  of the floods would 
lessen the interference by floods with normal home and soc ia l  l i f e  
and agr icul tural  ac t iv i t i e s ,  and might e f f e c t  a savings i n  l i f e .  
Intangible benef i ts  from water conservation would include p a r t i a l  
s t ab i l i aa t ion  of property values by reducing the water shortages 
i.n the  area. The proposed improvement would help t o  reduce agr i -  
cu l tu ra l  retrenchment due t o  depletion of the water resources. 

* 
49. SUMMARY OF BEXEFITS 

The estimated average annual benef i ts  t h a t  would accrue from 
the construction of channel improvements along the Gila River from 
the  upper end of Safford Valley t o  the Butfes Reservoir s i t e  a r e  
summariaed i n  t he  following table:  

. , 
a 
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Estimated average annual benefits  from channel improvements along 
Gila River f romthe upper end of Safford Valley t o  Buttes Reser- 
voir s i t e ,  Arizona 

Type of benefi t  Amount 

Flood-controlbenefits........ ..............,...; $92,000 

Water-conservation benefits:  
Primary benefits+$. ......................... : 232,000 .............. Total, including secoldary.lW. : (946,000) 

Total  benefits, considering primary : 
benefits  onlpwe .................. ..: 324,000 

Total benefits ,  including secondary : 
benefitsiHt, ......................... : 1,038,000 

+c Direct water-conservation benefits  as  defined by the Bureau 
of Reclamation are considered t o  be primary benefits. 

. Indirect  water-conservation benefi ts  as  defined by the 
Bureau of Reclamation a re  considered to  be secondary benefits ,  

+He% Primary benefi ts  include primary benefi ts  a s  defined by the  
Corps of Engineers and d i r e c t  benefits  as defined by the  Bureau 
of Reclamation. 



SECTION XIV - ECONOMIC JUSTIFICATION 

50. . COMPARISON OF BEEFIT$ AND COSTS 

The recommended plan of improvement provides fo r  channel clear- 
ing along the Gila River from the upper end of Safford Valley t o  the  
Buttes Reservoir s i t e .  The first cost of the improvement is es t i -  
mated a t  $1,770,000 (December 1957), and the average annual charges 
$112,000. The t o t a l  average annual primary benefits  a r e  estimated 
a t  $324,000, including $92,000 fo r  flood control and $232,000 f o r  
water conservation. The r a t i o  of average annual primary benefits 
t o  average annual costs would be 2.9 t o  1. I f  consideration is 
given t o  the  secondary water-conservation benefits, the  t o t a l  
annual benefits  would amount t o  $1,038,000, and the benefit-cost 
r a t i o  would equal 9.3 t o  1. Accordingly, the  improvements a re  
justif ied.  



. . 

The separable costs-remaining benefits  method was used i n  
' . arbitring a t  an' equi table 'dis t l ibut ion of costs between flood 

control .and watkr oonservation;;: The following. table  summarizes 
the r e su l t s  of :usi@'the.above method.ln the al locat ion of first 
cosfs ' :for:the recommended plan of improvhent t o  ,flood control and 

' water con3ervation. A more detai led development of the method of 
allocation of costs i s  given i n  Appendix h: 'Allocation of ,costs.  

Allocation of first costs ,  channel clearing along G i l a  River from 

F i r s t  cost:  

.: : 

Reclamation law permits loca l  in te res t s  t o  repay, i n  LO years 
wi thout in te res t ,  t ha t  par t  of the first cost of reclamation proj- 
ec t s  allocated t o  water conservation. klthough t h i s  project would 
be authorized as  a flood-control project, local  interests  should 
be permitted t o  a v a i l  themselves of interest-free  repayments i n  
reimbursing the United S ta tes  for tke portion of the cost  allocated 
t o  water conservation. 

The recommended channel improvement would be constructed by 
the United States  a t  an estimated t o t a l  f i r s t  cos t  of $1,570,000 
based on prices p-eyailing i n  December 1957, subject to  reimburse- 
ment by l o c a l  in te res t s ,  i n  consideration of water-conservation 
benefits, of 54.9 percent of the t o t a l  construction cost i n  40 
equal annual payments without in te res t .  On the bas3.s of 



December 1957 prices, t he  estimated amount of $862,000 would be 
repaid i n  40 equal annual payments of $21,550. The allocations and 
repayments would be adjusted on t h e  basis of ac tua l  construction 
costs. 

On the foregoing basis, loca l  i n t e r e s t s  would (a )  provide a l l  
lands, easements, and rights-of-way; (b) maintain and operate the 
en t i re  project  a t  l oca l  expense a f t e r  completion; and (c) reimburse 
the United S ta tes  i n  40 equal annual payments, without in te res t ,  
fo r  t h a t  par t  of the project  construction cost t h a t  is allocated t o  
water conservation. 

3 ,PROPOGED .LOCAE TOOPERATION . . > .  : . , .; .: . , 
. . 

, . . I  :, . . . . , . . , .  . . . .  
, . , . . .  

I , . ,  .. 
'' ' As ci.requisite t o  construct ion of the r ecomnded  plan by the 

United States ,  responsible.  l o c a l  i n t e r e s t s  would :,be' required. to:  
. . . .  . . . , . .  

a. Provide'necessary lands, easements, and rights-of-way a t  a 
cost  sst imated a t  $200,000 (December 1957); 

. . 

b. Mtixiitain and dperate ' the channel inip&vements i n  accordance 
with ?egulatione, t o  be. prescribed by the Secretary of the Army a t  an 
average arinual cost  estimated a t  $9,000; 

c. Keep the f l o d  channel of the Gila River from the upper end 
of ~ a T f o r d  Valley t o  San Carlos Reservoir and from the mouth of the 
San Pedro River t o  Buttes Reservoir site f r ee  from encroachment; 

.? ,:, : ' > 
. . 

. , d. I n  cbnbidepation of thewater-conservat'ion bikieftts, r e h -  
burse-the United S ta t e s  an amount, a l located t o  water conservation, 
equal t o  54.9 percent of t he  t o t a l  construction c c i s t i n  40 equal 
annual payments, without i n t e r e s t .  On the bas i s  of':present pAces, 
the. estimated amount .of $862,000 would be rep,+id i n  40 equal annual 

.. payments of $21,550,. The allocati.on8 and repkypents Lwould b6 adjusted 
on the bas i s  of ac tua l  construotion costs; I 

. . 
i. Hold and s a w .  the  united S ta tes  f r e e  from any daniagee a r i s ing  

from zonstruction and operation of the work; arid - ' ' ' . . 
. . 

' f. Adjust a l l  water-rights claims resul t ing from constructLon, 
operaxion,. and .maintenance, of the improvdmbritii. 

<.. . .  
. . 

. .  . , . 
., 

. . 

. ,. ": 
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1 SECTION X V I  ' - COORDINATION WITH OTHER FEDERAL AGENCIES 

54. ASSuRArJCEs OF LOCAL COOPERATION 
i 

A ,public meeting was held i n  Phoenix, Ariz., on December 18, 
1957,: for  the, purpose of acquainting local  i n t e r e s t s  with the .find- 
ings of the investigation and survey and t o  indicate  the require- 
ments of. l oca l  cooperation a s  a requis i te  t o  construction of the 
proposed p r o j e c t . , .  Resolutions regarding loca l  co.operation have 
been received from the San Carlos I r r iga t ion  and Drainage Di s t r i c t ,  
representing in t e re s t s  downstream fromcoolidge Dam, and from G i l a  
Valley I r r iga t ion  Dis t r ic t ,  representing i n t e r e s t s  i n  SaffordValley 
upstream from Coolidge Dam. (See Appendix 5 :  Resolutions by local 
interests . )  The San Carlos I r r iga t ion  and DraLnage Di s t r i c t  agreed, 
i n  its resolution, t o  (a). assume joint  sponsorship of the recommended 
project with other appropriate agencies and (b) attempt t o a r r i v e  
a t  an equitable d5stribution between the respective loca l  agencies 
of those cos ts  and-items tha t  are the obligation of local interests .  
The Gila Valley I r r iga t ion  Di s t r i c t  agreed %n its resolution t o  the 
same items as indicated above, but made such agreement conditional, 
tentative, and dependent upon an overal l  project  thatwould include 
the construction of a dam upstream from Safford Valley and i n  the 
v i c in i ty  of the Camelsback Dam s i t e .  

. . . . ,  

5 .  COORDINATION WITH OTHER FEDERAL AGENCIES 

A s  indicated under a preceding heading , ltScope,fl this survey 
is the r e s u l t  of a coordinated investigation with the Bureau of 
Reclamation. Complete agreement was reached on all items t h a t  were 
the mutual concern of the two agencies. Division of work waa accom- 
plished t o  u t i l i a e  the  respective s k i l l s  and backgrounds of the two 
-agencies i n  the f i e l d s  of water conservation and flood control. 
Plans for  the. recommended improvement do not confl ic t  with plans 
of other Federal o r  non-Federal agencies. 

. , 

. , 

. , 

. . .  . . 
, . 

.. . ' .  ' 

. . 

, . 
;:'. .' . . ,  

, . : ,  , . ,  , "  
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SECTION X V I I  - SUMMARY 

56. DISCUSSION 

The Gila  River Basin, the' l a rges t  drainage area t r i bu t a ry  t o  
. lower Colorado River, comprises about 58,200 square miles, mostly 
i n  Arizona and New Mexico. That pa r t  of t h e  Gila River Basin tha t  
i s  under consideration i n  this report  comprises the Gila River Valley 
from the upper end of Safford Valley t o  the mouthof S a l t  River. 
The drainage area of the Gila River.near the upper end of the Safford 
Valley amountsto 7,900 equare miles and'the drainage area of the 
Gila River above the mouth of the S a l t  River. amounts to 29,300 
square ,miles. . . ,  , : .., . . , . . .  ,. . ,  . 

ii-.>. 3 :  

Floods aldng the  ~ila":kiv;r ,, in t$ area u d e r  cons ide ra t i&  
cause recuerent damage of ,,mamaj6*, ijr6port?oiis. . . ,< .: i .. . . Upstream from San 
Carlos Reservoir, about:12,800 acres  .of . ,intensively developed irri- 
gated farmland. (about';&? 'percent of the..:totai cul t ivated acreage 
i n t h e  area) a r e  subject  t o  averflaw and damage. A combination of 
a comparatively dry r ive r  channel a n d a  high water table  i n  par t s  
of SaffordValley has resu l ted  i n  an in fes ta t ion  of water-loving 
plants (phreatophytes) t h a t  have achieved almost maximum densi ty  
i n  many locations. With the channel thus choked, i t s  capacity i s  
ser iouslv reduced and the  occurrence of even a small flood alona J .  
t h e : ~ i l i ~ i t $ r  a .: '-.(' : c d d d  r e su l t  , i n  , serious damage t o  the agricultur& 7" 
area; ' . . .  . . s .. ., . . ,  . . .. . .  

> ,  
. '  Flood problems along the  G i l a  River are re la ted  closely t o  

t he  problems of water conservation and u t i l i za t ion .  Under present 
conditions, phreatophytic growth within the channel area of t h ~ .  
Gila River t ranspires  tremendous amounts of water annually.   he 
ne t  annual use of water per acre  f o r  saltcedar (one.of the,..principal 
phreatophytes), assumiii 100 percent density, amo'lntsto 6.6 acre- 
f e e t  - nearly twice theannua l  water use of cul t ivated crops. The 
average annual t ranspirat ion by phreatophytes i n  the c h w w l  ,of the 
Gila River from the upper end of Safford Valley t o  San :C&+los 
Reservoir. and from ,the mouth of the  San Pedro River. t o  %uttes 
~'esev.voir s i t e  is estimated at. about ,!.$3,000 acre-feet., ::Such use 
redices the amoht  of water .avai.lab,Je~ fo r ,  diyersiori ,,, ,'! ,,.:; :, ,,.+ . . . .  . . . . > .., . , ,  : 

.. . f , . , , , . ; . . . ,  : j,,.i . . .  : . .  . ,., .' t , , .  

'' ' '  The plan b f  &$rov&m&t presented $ p  ' d e t a i i  i n  ti& rep&$ 
was developed as  pa r t  of 'a!comprehensive plan t o  provide optimum 
use of water resources i n  t he  area. The comprehensive plan con- 
sidered royides f o r  (a) a flood-control reservoir  a t  the Earven 
s i t e ,  (b 7 c d ~ n n e l  improvements consisting of channel clearing along 
t h e  G i l a  River from the upper end of Safford Valley t o  the Buttes 
Reservoir s i t e ,  and (c) a multiple-purpose reservoir  a t  t he  Buttes 
s i t e .  Detailed consideration is l imited i n  t h i s  report  t o  channel 
improvements only because (a)  construction of the  channel improve- 
ments are not dependent upon the other units  considered, (b) com- 
pleted studies on these channel improvements indicate tha t  the  
improvements a r e  well jus t i f ied ,  and (c) s tudies  of the other un i t s  
of the comprehensive plan a r e  not complete. 



I 

The recommended plan provides for  a cleared floodway for  about 
9b miles along the Gila River from the upper end of Safford Valley 
t o  San Carlos Reservoir and from the mouth of the S& Pedro River 

The t o t a l  first cost  of the recommended plan i s  estimated a t  
$1,770,000 (December 1957). Annual charges f o r  maintenance and 
operation a re  estimated a t  $9 000. The t o t a l  annual charges under 
the  'recoinmended plan would be $112,000. 

. . 

Clearing the Gila River channel would e f fec t  p a r t i a l  flood 
control  by increasing channel capacit ies with attendant lowering of 
t he  water-surfaceelevations of future  floods and with resul tant  
reduction i n  t h e  extent of the flooded areas. I n  addition, eradi- 
cadion of the  phreatophytes would r e su l t  i n  t he  salvage of some of 
the  water presently consumed by the r i v e r  growth. The Bureau of 
Reclamation estimates tha t  the ne t  increase of water t o t h e  farmers 
resu l t ing  from the proposed clearing would amount t o  19,800 acre- 
f e e t  annually. 

would be 2.9 t o  1. If consideration is given t o  secondary water- 
conservation benefits ,  the  t o t a l  annual benef i ts  would amount t o  
$1,038,000, and the benefit-cost r a t i o  would equal 9.3 t o l .  The 
project  is j u s t i f i e d  by a subs tan t ia l  margin. 

Allocation of costs  between flood control and water conserva- 



57. CONCLUSIONS 

The dia t r i c  t engineer concludes t h a t  : 
.: .,r;. .,->. .. 

a. A flbod. problem ex i s t s  along the Gila River from the upper 
end 07 Safford Valley t o  the mouth of S a l t  River: 

b. The water supply available for  u t i l i e a t i o n  is not adequate 
t o  aaxisfy the i r r i ga t ion  needs of the area. 

. , c. River-bottom growth along the Gila River is a major f lood 
menacz and t ranspires  large amounts of water annually. . . ,, , 

d. Investigations to  date  indicate  t h a t  the plan f o r  the develop- 
ment z f  water resources of the area would include (1) a flood-control 
reservoir  a t  t h e  Earven s i t e ,  (2) channel improvements consisting of 
channel clearing along the Gila River from the upper ervl of Safford 
Valles t o  San Carlos Reservoir and fiom t h e  mouth of the San Pedro 
River t o  the Buttes Reservoir s i t e ,  and (3) a multiple-purpose reser-  
vo i r  a t  the Buttes s i t e .  

.. , .  . ~. .,. . . . ,  

6, Tli& oh&el improvement~..aGe not dependent upon construction 
of th; other un i t s  of the  comprehensive plan. 

f .  Pa r t i a l  protection t o  mostly agr icu l tura l  areas along the 
Gila River from the upper end of Safford Valley t o  San Carlos Reser- 
vo i r  can be provided by a cleared floodway. 

8, The proposed channel clearing would r e su l t  i n  a net increase 
t o  t h e ,  farmer, of 19,800 acre-feet annually. To assure.  this saving, 
adequa$e,.,maintenance . . would be required. 

. . ~. . . .. . . . . .. . 

h. I n  consideration of t h e  water-conservation. benef i ts  t h a t  
would-result from constr ommended project ,  l o c a l  
i n t e r e s t s  should be requ the U.nited S ta tes  f o r  t h a t  
par t  of the project  c ocated t o  :water conservation, 
and such reimbursement l.0 equal annual payments 
without in te res t .  I' 

i. The t o t a l  f i r s t  cost  of the proposed improvement would be 
$1,775,000 (December 1957), and the t o t a l  annual charges would be 
$112,000. The average annual tangible benefits ,  considering only 
primary benefits ,  from construction of t he  improvement would be 
$324,000. 

. The r a t i o  of tangible primary benef i t s  to cost would be 
2 .9  t o  I. The recommended project  is feas ib le  from an engineering 
standpoint and is well j u s t i f i ed  by the tangible benef i t s  alone. 



8 .  RECOMMENDATIONS 

The d i s t r i c t  engineer recommends tha t  construction of channel 
improvements, consisting of a cleared floodway along the Gila River 
from the upper end of Safford Valley t o  San Carlos Reservoir and 
from the mouth of the San Pedro River t o  the Buttes Reservoir s i t e ,  
be a u t h o r i ~ e d  a t  a Federal first cost  estimated a t  $1,570,000 
(December 19571, subject  t o  the condition tha t  l oca l  i n t e r e s t s  
furnish assdances  sa t i s fac tory  t o  the Secretary of the Army t h a t  
they w i l l  ( a )  provide necessary lands, easements, and rights-of-way; 
(b) maintain and operate t he  channel improvements i n  accordance with 
regulations t o  be prescribed by the Secretary of the  Amy a t  an 
average annual cost estimated a t  $50,000; (c )  keep the  flood channel 
of the  Gila River from the  upper e d  of Safford Valley t o  San Carlos 
Reservoir and from the mouth of the San Pedro River t o  Buttes Reser- 
vo i r  s i t e  f r e e  from encroachment; (d) repay t o  the United S ta t e s  
5b.9 percent of the  t o t a l  construction cost  i n  40 equal annual pay- 
ments without i n t e r e s t  (the exact amount of the  annual p p n t s ,  
presently estimated a t  821,550, t o  be adjusted on the basis of actual  
costs  of constructing the project  - annual payments t o  be made t o  
t he  Secretary of the In te r ior ,  who, i n  turn, s h a l l  deposit such funds 
i n  the Treasury of the  United States  as  miscellaneous receipts);  
(e)  hold and save the United S ta tes  f r e e  from a l l  damages a r i s ing  
from construction a d  operation of the  work; and ( f )  adjust  a l l  
water-rights claims resu l t ing  from construction, operation, and 
maintenance of the improvements. 

C. T .  NEWTON 
Colonel, Corps of Engineers 
D i s t r i c t  Engineer 
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:. GILA RIVER, CAMELSBACK RESERVOIR SITE TO SALT RTVER, ARIZ. . . . 
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. . ., . 

. .  . 
. . SECTION I - INTRODUCrION . . .  

.1. SCOPE , .  . .  , , 

. . . . . . . .. . .  . . . 

T h i s  appends  was t o  present t h e  engineering aspects and 
I the  estimated construction and maintenance costs of channel clearing 
1 along.the Oila River ,from the upper end of Safford Valley t o  the Buttes 
1 Reservoir s i t e ,  Arizona. 

1 2 . . LOCATION . AND DESCRIPTION ... 
, ., , . . 

, . .,. .. , 

. . The locat ion of the. improvements i s  along the Gila River,channel 
, ' i n  the ,  vic ini ty  of Safford and Kelvin, Ariz. (see pls .  1 t o  10, . 

inclus,iva, .of the  main report) . .  The improvements, which would be : . '  

eas i ly .  accessible v i a  .county roads.  and highways,. would comprise channel. 
clearing i n  two~reaches of the r iver .  The first reach, about.78.miles 
long, wo;uld:extend downstream from the upstream end of SaffordVdLey 
to: the .mouth of the San Carlos River, i n  the San CarlosReservoir. 
The second reach, about 16 miles long, would extend downstream from 
the.mouth of the' SawPedro River t o  Kelvin, a t  the  upper ena of the  
ButtesReservpir s i t e .  .The width of the .  channel clearing would be.very 

, , 

. , :  : 
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saltcedar,  thr ive whenever the water t ab le  is within about 10 f e e t  of 
the  ground surface. 

e 
During the analysis of dens i t i es  of growth within the proposed 

clearing, a s  observed on the a e r i a l  mosaics, the work was divided i n t o  
areas of dense growth (80 t o  100 percent of maximum density) and areas 
of sparse growth (under 80 percent of maximum density).  The number of 
acres i n  these categories is estimated a t  7,665 acres of dense growth 
and 6,620 acres of sparse growth. The t o t a l  of 14,285 acres d i f f e r s  
somewhat from the t o t a l  (13,840 acres)  given i n  Appendix 3: Water 
aalvage and benefits ,  dhannel clearing - Gila River, Safford-San Carlos 
Coordinated Investigations. Additional small areas  not considered i n  
the United S ta tes  Bureau of Reclamation water-salvage study would be 
cleared for  purposes of flood control. 

5. METHODS OF ERADICATING PHREATOPHYTES 

In general, three methods of eradicating phreatophytes are  now i n  
use: ( a )  Burning, (b) chemical treatment, and (c )  mechanical treatment. 
Numerous experiments are  now being conducted by Federal, s t a t e ,  and 
loca l  agencies dealing with t h i s  problem, but no sa t i s fac tory  solutions 
have been determined thus f a r .  Burnin has been unsuccessful whenever 
t r i ed .  Experiments using 2,&-D and 2, !t ,5-T and combinations of these 
compounds have been the most promising i n  the chemical treatment. How- 
ever, a l l  experience t o  date indicates t ha t  ( a )  the percentage of k i l l  
by a single treatment may be a s  low as  40 percent and is seldom 100 
percent, (b) the treatment must be repeated, ( c )  t he  t reated area is 
reinfested by seeding from other areas,  (d)  considerable painstaking 
care must be practiced t o  protect  crops when spraying close t o  farm 
areas, and ( e )  chemical treatment is more expensive than mechanical 
treatment. Based on information available t o  date,  mechanical treatment 
appears t o  be the most e f fec t ive  and the l e a s t  expensive bo.th for  i n i t i a l  
clearing and f o r  annual control. 

6. INITIAL CLEARING 

Mechanical treatment t o  destroy the phreatophytic growth and t o  
c lear  the floodway was assumed f o r  the purpose of preparing an adequate 
cos t  estimate. I n  order t o  destroy the exis t ing growth, it must be 
removed below the root crown t o  a depth of 12 t o  15 inches below the 
ground surface. A considerable amount of phreatophyte clearing has 
been accomplished along the Rio Grande by the Bureau of Reclamation and 
the International Boundary and Water Commission. I n i t i a l  clearing by 
mechanical treatment is being effected by both agencies. Available 
information indicates t h a t  the equipment used by the International 
Boundary and Water Commission would be sa t i s fac tory  f o r  use along the 
Gila River. That agency has used two Towner stubble diskplows drawn i n  
s e r i e s  by a D-8 Caterpil lar .  This type of equipment has been used t o  
cu t  down and deroot sal tcedar  from 2 t o  8 inches i n  diameter and from 
1 0  t o  15 f e e t  i n  height. 

1 
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7, MAINTENANCE OF CLEARING 
,. .. . 

. The fac tors  iff&f.ing"the select ion of t h e  treatment f o r  i n i t i a l  
c lear ing are  the Sam6 .$,those t h a t  apply tb selecting the treatment 
for maintenance. A cleared channel can be maintained by continual 
destruction (mechanical or  chemical) or by cut t ing of newgrowth. I n  
addition, consideration was given t o  maintenance of clearing by planting 
selected grasses i n  a l l  areas where moisture conditions a re favorab le .  
The International ' ~ o u n a a r ~  and Water Commission has demonstrated Chat 
a good cover of grass w i l l  discourage re infes ta t ion  by saltcedar.  The 
land thus planted could be leased for  pasture, and the leasecould  con- 
t a i n  a proviso for  maintenance of clearing f ree  from reinfesta t ion.  
However, def in i te  information on the costs and benef i ts  involved i n  
such maintenance is not available. 

Maintenance of .a  cleared floodway is being accomplished along the 
Rio Grande by the Bureau of Reclamation and the International Boundary 
and Water Commission. The Bureau of Reclamation i s  applying chemicals 
by a e r i a l  and ground spray r igs ,  but supplemental mechanical work is 
required t o  c lear  dead growth and t o  grub or remove the top portion of 
the root system. The International Boundary and Water Commission is 
using an 8&-inch brush cu t te r  drawn by a LO-hp. rubber-tired t r ac to r .  
For the purpose of prep,aring an adequate cost  e s t ima te fo r  maintenance, 
mechanical treatment similar t o  t h a t  being used by the International 
Boundary ard Water Commission was assumed. The areas now c lass i f ied  
a s  covered with dense growth (7,665 acres) would be cut about one xnd 
one-half times a year with power equipment. The areas now c l a s s i f i ed  
as  covered with sparse growth (6,620 acres)  would be cu t  about once a 
year. However, the frequency of cut t ing would vary from year t o  year 
according t o  surface-water conditions and water-table levels.  

8. UTILITIES AND OTHER OBSTRUCTIONS 

No u t i l i t y  re locat ions  are contemplated. 

SECTIOIJ 111 - COST ESTIMATES 

9. GENERAL 

Estimated costs  f o r  the work performed and f o r  the use of equip- 
ment i n  i n i t i a l  clearing of the recommended project  are  based on pr ices  
prevail ing i n  1957. The estimates r e f l e c t  the cost of labor, the cost  
of using equipment and supplies incidental  t o  the performance of the 
work, and the cost  of required rights-of-way and aasements. No 
appreciable costs are involved for  relocation of roads, bridges,or 
u t i l i t i e s .  

10, AI'PLYING ANALYSIS OF PAST ESTIPIATES 

Information obtained from engineering periodicals and from various 
technical  papers on phreatophyte clearing and control was studied, and 
the r e s u l t s  were used as  a check on the cost  estimates given i n  t h i s  
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11. OTHER COST FACTORS CONSIDERED 

The f i e l d  conditions, t h e  geographical locat ion of the  proposed 
project ,  and the  cost and ava i l ab i l i t y  of loca l  labor and materials 
were considered i n  preparing the cost estimates. 

12. CONSTRUCTION PlRIOD 

The time required t o  clear the e n t i r e  project  i s  estimated a t  
one calendar year. 

Annual maintenance costs were based on the assumption t h a t  
the  responsible local  i n t e r e s t s  would purchase two irO-horsepower 
rubber-tired t rac tors  and two Ah-inch brush cut ters ,  and t h a t  
t h i s  equipment would be used the year around i n  t he  maintenance 
of the cleared channel. Annual costs were based on equipment 
.ownership expense, fuel ,  operator's wages, insurance, overhead, 
and contingencies. Considering these factors,  and on the basis  
of December 1957 prices, annual maintenance costs f o r  the recom- 
mended project  a r e  estimated a t  $50,000. This amount was checked 
f o r  reasonablenebs by comparison with ac tua l  costs given i n  
published and unpublished papers on phreatophyte clearing. 



Channel clearing along Gila River from upper end of Safford Valley t o  
Buttes Reservoir s i t e  (based on pr ices  for  December 1957) 

cost  : : 
acct. : Description : Unit : Buan- : U n i t  : Amount 
no. : : t i t y  : price : 

: : 
FEDERAL COSTS : 

09. : Channels: 
: Clearing floodway of : Acres.. : 7,665 : $100 : $766,500 

dense growth, 
: Clearing floodway of :. ..do.. .: 6,620 : 60 : 397,200 

sparse growth. 
Contingencies.. : 236,300 . .......................... ........ 

: 
Total, clearing.. .. : ........ : ....... : ....... : 1,400,000 

: ? 

30. : Engineering and design.. .. :. ....... :. ...... : ...... .: @5,400 
31. : Supervision and :... ..... : ....... :.......: 8b,600 

: administration. 
: 

Total  Federal cost .  :. ..,.... :. ......:....... : 1,570,000 
: 

NON-FEDERAL COSTS 
: : : 
: Rights-of-way and .......................... 200,000 
: easements. : 

: Total first cost  .......................... 1,770,000 
of  project. : : 
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B E N E F I T S  F R O M  F L O O D  C O N T R O L  

GILA RIVER,. CAWLSBACK RESERVOIR SITE. TO, SILT..RIVER,, ~ R I Z .  
. . . < ,  , 

..,. . ,  : ,  l;'lrS'cb* ; ' ' . . . 

. . ., . 

. . 
This appendix presents supplemental material  covering the e.valua- 

tion:..of. flood-control benef i ts  from channel clearing along t h e  Gila 
River'$$om the'  upper end o f  Saffo'rd Valley t o  tHeSan Carlos Reservoir. 

, . .  . , ,. ~. . 
a ,  ' F e l c i  i n d s t i g a t i o n s  were made t o  determinb t'h$ extent, 'character, 

and value of the overflow area. Topographic maps, t o  a scale of 
1" = 6001 and with a contour in te rva l  of 2 fee t ,  o r ig ina l ly  developed 
by the United States  Soi l  Conservation Service i n  1935, were extended 
i n  1939 by the Corps of Engineers. Cross sections were taken i n  1939 
a t  about 2-mile in te rva ls  throughout the length of the valley. Check 
cross sections were taken i n  December 19.56 t o  determine the changes 
tha t  have taken place since the previous survey. Aerial  surveys of 
the area were made i n  October and November 1956. Crop repor t s  of the 
University of Arizona, the San Carlos project ,  and the Sa l t  River 
project  were analyzed t o  obtain up-to-date estimates of crop dis t r ibu-  
t ion,  yields,  and values. A f i e l d  reconnaissance was made i n  March 195'7 
t o  determine the change i n  development t h a t  has taken place since .. previous detai led surveys made i n  the e a r l y  19&O's. Office studies were 
made t o  determine the frequency of floods, the estimated damage from 
future floods, and the  estimated benef i ts  from the proposed improvement. 

2. FLOOD FREQUENCIES 

The principal sources of information concerning past  floods on the 
Gila River i n  Safford Valley are  records of the United States  Geological 
Survey, reports of the Reclamation Service, congressional documents, 
newspaper accounts, and testimony of loca l  residents. His tor ical  
references t o  destructive floods along Gila River i n  and near the area 
under consideration extended back t o  188L, but records of peak flows are  
available only f o r  the period 1915 t o  1955, inclusive. The greates t  
floods of record occurred i n  January and October 1916, but descriptions 
and estimates, of the floods of Wovember 190.5, February 1891, December 
1906, February 1905, and February 1884 indicate t ha t  they were of com- 
parable magnitude. The California modified method, as  described i n  
Geological Survey Water-Sunply Paper 771, was used t o  determine plot t ing 
points f o r  the discharge-frequency curve. In  general, the peak d is -  
charges of a l l  recorded floods during the period considered were used. 
However, if two or more floods occurred within a 4-month period, only 
the maximum c re s t  flow was considered. 

The peak discharges, thus selected,  were tabulated i n  order of 
decreasing magnitude, and a discharge-frequency curve was prepared on 
logarithmic probabili ty paper from the tabulated data by using the 
equation: 

2 3  
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i :.:. . . .  
. . .  . . . .  ! . . .  / . ' . . . .  

. . . . .  . 
Estimated f l o o d  frequencies' and magnitudes, :Gila River a t  head of .. I Safford Valley, n e a r  Solomon, .hi z. 

-- . - .- . -- 
: Number of : 

Date : Peak . : f l o o d s i n :  n : f 
: discharge : 72 years+ : . : (188h-1955) : 
: 9 

: Cubic f e e t  : . , 

. . : per  second : 
. November 1905 ....... , .................. : 1 : 1 : 0.69 
January 19 1916 .,....... : 1C0, 000 : 1 : 2 . : 2.08 ............. February 1891 .......... , , : 1 : 3 : 3.47 ............. ........... December 1906 , ;: 1 : 4 . : .4.86 
bctober 14, 1916 ......... : 67, 900 : 1 : s  : 6.25 ............. ............ February 1905 : : 1 : 6  ~ 7 . 6 4  ........ ................. ~ e b r u a r y  1884 , : 1 : 7 : 9.03 .. ... hcember 20, 1914 .., , : 50, 000 : 1 : 8 : 10.4 ....... September 30, 1941 : 31,9.00 : 1.76 : 9.38 : 12.3 
January 14, 19b9 ......... : 25, 200 : 1.76 : 11.14 .. 14.8 
October h ,  1914 .......... : 24, 000 : 1.76 : 12.90 : l7*2 ........ February 10, 1932 : 24, 000 : 1.76 : 14.66 : 19.7 
February 8,1937 ......... : 23, 700 : 1 .76  : 16.42 : 22.1 .. ....... ~ u g u s t  27, 193h .. : 23, 000 : 1.76 : 18.18 : 2k.6 
July 26, 1915.. .......... ,. 20, 000 : 1.76 : 19.94 : 27.0 
January 19, 1952 ......... : : 19, 700 : 1.76 : 21.70 : 29.5 ... .... December 31, 1940 : : 17, 600 : 1 .76 .  23.h6 : 31;9 . . . . . .  September 3, 1925 ... .'.... 15, 900 : 1.76 : 25.22 : 36.4 ........ September 25, 19& 15, 800 : 1.76 : 26.98 : 36.8 .......... ~ u g u s t  21, 1921 . : 15, 700 : 1.76 : 28.7l.1 : 39.3 . ~ u g u s t  3, 1919 .......,,.. : 15, 000 : 1.76 : 30.50 : 41.7 
July .. 30, . 1929, ........... : 12, 700 :' 1.76 : 32.26 : b.1 

.... 
. ........ . August 12, 1923 .. 12, 600 : 1.76..  34.02 : 46.6 

March 15, 19b1 .......... 2 : 12, 300 : 1.76 : 35.78 : 49.0 
. ............ July 214, 1955 : 11, 700 : 1.76 : 37.54 : 51.5 

December 28, 1923 ....... , : 10, 600 : 1.76 : 39.30 : 53.9 
February 15, 1931 ........ : 10, 500 : 1.76 : 4l.% : 56.4 
February 21, 1915, ........., : 10, 500 : 1.76 : 42.82 : 58.8 
~ u g u s t  11, 1930 ........... lo, 100 : 1.76 : 4h.58 : 61.2 
March 24, 1953 ............ 9, @so : 1.76 : b6.34 : 63.7 ........ September 6, 19h0 : 9 ,  @hO : 1.76 : 48.10 : 66.1 ......... September 9, 1933 : 9, 600 : 1.76 : 49.@6 : 68.6 ....... September U, 1927 : 9, 320 : 1.76 : 51.62 : 71.0 
August 30, 1947 .......... : 9, 250 : 1.76 : 53.38 : 73.5 .. : 

a peak discharges available f o r  h l  years of record, 1915-1955; 
h i s to r i ca l  accounts r e l a t e  only t o  those  floods exceeding 50, 000 
c.f.s. and are  f o r  e n t i r e  72-year period . 

i 
i 
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3. DAMAGE FROM FUTURE FLOODS 

A summary of estimates of primary (d i r ec t  and ind i rec t )  damage 
t h a t  would r e s u l t  from future  floods of various magnitudes along the 
Gila River from the upper end of Safford Valley t o  San Carlos Reservoir 
i s  given i n  the  main report. A curve showing the re la t ionship between 
peak discharges i n  cubic f e e t  per  second and t o t a l  damage i n  do l la rs  
under average future  conditions i s  shown on p la te  2. The discharge- 
damage curve was combined with the discharge-frequency curve (pl .  1 )  
t o  obtain a damage-frequency curve (see p l .  2). The area under the 
damage-frequency curve represents the estimated t o t a l  flood damages 
during a 100-year period; the  t o t a l  f o r  the  overflow area divided by 
100 is the estimated average annual damage f o r  the area. 

Clearing of the Gila River channel from the upper end of Safford 
Valley t o  San Carlos Reservoir would provide p a r t i a l  flood control  by 
increasing channeJ, capacit ies with attendant lowering of the water- 
surface elevations of future  floods and with resu l tan t  reduction i n  
extent of the flooded areas. The following t ab l e  shows a comparison 
of resul tant  damage under ex is t ing  channel conditions and under improved 
channel conditions. 

Co arison of estimated damages under cleared conditions with damages 
un e r  exis t ing conditions, Gila River, upper end of Safford Valley +- 
t o  San ~ar los--~aservoir ,  Ariz. 

: 
Estimated damage from s ing le  floods 9 

Discharge r e  sen cleared 
conditions : conditions 

: 
Cubic f e e t  per  second : 

175,000 $4, l&O, 000 $3,760,000 
72,000 1,830,000 1,430,000 
35,000 750,000 : 510,000 
17,000 180,000 : 60,000 

. . . , 
A damage-frequency curve was drawn indi&ting the damage tha t  

would not be prevented i f  the channel were cleared (see pl .  2). The 
following table  summarizes the  estimated average annual tangible 
primary benef i ts  t h a t  would r e s u l t  from dama$Bs prevented'under t he  
proposed plan of improvement. 

9 
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WATER SALVAGE Am BENEFITS 

CHANNEL CLEARIIVG - GILA RIVER 
SAFFORD-SAN CARLOS COORDINATED INVESTIGJITIONS . . 

Clearing of the r i ve r  bottom vegetation i n  the flood plains 
of the Gila River i n  the' two reaches from the head of Safford Valley 
t o  the San Carlos Reservoir apd from the mouth of San Pedro River 
t o  Kelvin a t  the head of the  po ten t ia l  Buttes Reservoir would r e su l t  
i n  salvage of water which could be put t o  benef ic ia l  agr icu l tura l  
use. The.tota1-ammint o f  water which could be salvaged from clearing 
an estimated 13,840 acres of r iver  bottom land is estimated a t  34,000 
acre-feet. Of t h i s  amount it i s  estimated t h a t  19,800 acre-feet 
would be avairlable a t  points of farm delivery. The estimated economic 
value of the salvaged water delivered t o  the farm i s  approximately 
$9.00 per acre-foot, Estimated annual d i r ec t  and ind i rec t  benefits. 
t o t a l  $945,660, 

... . 

A discussion of the  arocedures used i n  estimating the  amount: of 
water salvaged, the value of the water, and the benefits, together 
with the r e su l t s ,  is contained i n  the following paragraphs. 

Bottom Land Vegetation Survey 

a A survey was conducted t o  estimate the  density and. type of 
native vegetation i n  the  flood p la in  of the Gila River f rom the  Brown 
Canal heading t o  the storage pool above Coolidge Dam and from the 
confluence of the San Pedro River near Winkelman t o  t,he head of the  
Buttes Reservoir s i t e  near Kelvin. The l i n e  transect method was used 
t o  estimate the  a r e a l  dens i t i es  of each type of native vegetation i n  
each of the  selected classes. .  The l i n e  tra.nsect method is a procedure 
for  sampling vegetation designed t o  lessen the e f f ec t  of mrsona l  . . .  

judgment' and bias  by the observer i n  determini.ng densi t ies .  The prin- 
c ipa l  densi ty  or type classes were del ineated by examination of the 
shading on a e r i a l  photographs. River channel and barren areas were 
outlined. bifferences i n  species were discernible from the shading 
and apparent variances i n  cover density provided a breakdown of types. 
A f i e l d  examination was then made t o  determine if the classes as 
selected were appropriate. Accessible transect locations were selected 
and marked on the  a e r i a l  photographs. The t ransects  selected werethen 
sirveyed i n  the  f i e ld .  The vegetation i n  the rj.ver reaches was c lass i -  
f i ed  i n t o f o u r  density classes with a f i f t h  c lass i f ica t ion  used t o  
designate bare groundor  grassy areas. The c lass i f ied  areas were 
outlined on appropriate maps. Transects were 100 f e e t  each i n  length 
and 109 t ransects  were surveyed i n  the reach upstream from Coolidge 
Dam and. 46 t ransects  were run i n  the downstream reach. Heights of 
vegetation were noted a s  the  t ransects  were surveyed t o  provide the 
basis f o r  estimating ve r t i ca l  densit ies.  Average a rea l  and ve r t i ca l  
dens i t i es  as  determined from the  t ransects  selected f o r  each of the 

a four classes of vegetation were applied t o  a l l  areas of similar 
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c lass i f ica t ion  i n  each of the two r i v e r  reaches. The vohme densi t ies  
were com~uted as the p o d u c t  of the a r e a l a n d  v e r t i c a l  dens i t i es  f o r  
each type of vegetation i n  each class  i n  each r i v e r  reach. The areas  
of the various classes outlined on the maps were determined by planim- 
eter ing anrl the  eouivalent areas of 100 percent volume density were 
esti.mated for  each type of vegetation i n  each c lass  i n  each r i v e r  reach. 
The acreage and density data  f o r  the reach from the Brown Canal heading 
t o  San Carlos Reservoir are  aunmariaed i n  Table 1, and Table 2 presents 
a summary f o r  the reach from the mouth of the San Pedro River t o  the 
Buttes Reservoir' s i t e .  

Under the  plan of development f o r  the Middle G i l a  River area, 
the  Gila River channel would be improved by clearing r iver  bottom 
vegetation. A SO-foot vegetative f r inge would be l e f t  along both 
banks of the  f l ood  plain  t o  help protect  the  banks from erosion. 
The acreages of the various classes of vegetation i n  the 50-foot 
f r inge were determined as  shown i n  Table 3.  

Consumptive Use by Bottom Land Vegetation on Area t o  be Cleared . 

The consumptive use minus precipi ta t ion (U-R) r a t e s  were e s t i -  
mated by the Blaney-Criddle Formula (U - KF) f o r  s a l t  cedar, mesquite, 

and arrowweed or  baccharis f o r  100 percent volume density from the  
data presented i n  Appendix B of t h e  Bureau of Reclamation's November 
1952 "Report on Water Supply of t he  Lower Colorado River Basin." 
Appendix B had been prepared bv Messrs. Harry I?. Blaney and Karl Harris 
of the United States  Department of Agriculture t o  present consumptive 
use of water r a t e s  i n  the various areas of the  Lower Colorado River 
Basin. The r a t e s  were applied t o  the acreages of each type of vege- 
ta t ion  t o  estimate the  consumptive use by native vegetation i n  the  
areas t o  be cleared i n  the  trio r i ve r  reaches as  presented i n  Table 4, 

Water Salv* 

Water salvage would be realized f romthe  removal of the native 
vegetation. However, continuous maintenance o r  the establishment of 
a benef ic ia l  vegetative cover such as  native grasses i n  the  place of 
the present phreatophytic growth would be required t o  r ea l i s e  the '  
water  salvage estimated to  
yegetation. The consumptive 
re@,owth of vegetation under 
i s  estimated t o  average one 
area. ; % .  ... , , ,~.. '  . . .  

The area t o  be cleared'amounts t o  11,200 acres between the head- 
ing  of the  Brown Canal and the San Carlos Reservoir and about 2,6LO 
acres f o r  the reach from the mouth of the  San Pedro River t o  t he  
Buttes Reservoir s i t e  o r  a t o t a l  of 13,840 acres with an estimated 
t o t a l  consumptive use of 47,840 acre-feet (Table h). 
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Table 1 

BOTTOM LANE VEGETATION SURVEP 
Gila River Channel 

. . B r o w n  Canal Heading t o  San Carlos Reservoir 

Transect Equivalent 

Vertical V o l d  : 

Density Classification 

. Class B 
Sa l t  Cedar 

Salt  Cedar 

Sa l t  Cedar 
. , 3L3 18 83.3 15 276 

Salt Cedar 

Arrowweed or baccharis -- -- 92 



BOTTOII WJD VXGETATION STJRmi 
G i l a  River Channel 

Confluence of San Pedro River to Buttes Reservoir S i te  
Middle G i l a  River Area, Arizom 

Transect Eouj val ent. 
Total Length - Area Total - Covered A r  

I W.5"'. -I -,, *'- -- --A- A -J '.-L&"i Y J  

Density Classification I/ Transects atophytes 3 /  h / Densitv 5/  
and Type of Vegetation ( ~ F r e s )  (Feet) (Feet) (Percent) 

Class A l d d  1,100 
Nesquite -- -- 9LL 86 97 83 366 

Class B 1,286 1,900 
Salt  Cedar -- -- 1,603 a 79 1,016 
Mesquite -- -- 156 8 8 103 
Arrowweed or baccharis -- -- 17 1 100 1 13 

,.I - 
k class c 451 1,100 

I Sal t  Cedar -- -- 249 23 75 17 77 
Nesquite - -- 40.5 37 78 29 U1 

Class D 674 -- 500 
xesquite -- 175 35 86 30 202 
Arrowweed or baccharis -- -- I.& 3 71 2 I 3  

A= classes - Totals 2,852 L,600 

I 
Sal t  Cedar - -- 1,852 - -- -- 1,093 
Mesquite -- -- 1,680 -- -- -- 802 
Arrowweed or baccharis -- -- 31 -- -- -- 26 



Table 3 

BOTTOM LAND VEGETATION SURVEY 
Gila River Channel 

SO-Foot Vegetative Fringe Alonp: Both Banks of Flood ~ i a i n  . , 
Middle Gila River Area, Arizona 

Volume 
Total  Density Equivalent 
Area From Area of 

of Tables 100% Volume 
Density Classi f icat ion Fringe 1 and 2 Density 1/ 
and Type of Vegetation .(Acres) (percent) ( ~ c r e s 7  

BROWN CANAL HEADING TO SAM CARLOS RESERVOIR 

Class A 101 . . 

Mesquite 65 66 
Class B 5b9 

'Salt Cedar 69 379 
Mesquite 1 6 

Class c 165 
S a l t  Cedar 39 6k 
Mesquite 2 3 

~ i a s s  D 112 
S a l t  Cedar 7 8 
Mesquite 15 1 7  
Arrowweed or baccharis 5 

A l l  Classes - Totals 927 
S a l t  Cedar -- -+ 

LR 
Mesquite , _ -- 92 
Arrowweed or baccharis -- 6 

CONFLUENCE O F  SAN PEDRO RIVER TO BUTTES RESERVOIR SITE - 
Class A LO 

Mesquite 83 33 
Class. B 100 

79 S a l t  Cedar 79 . '  

Mesquite 8 8 
Arrowweed or baccharis 1 1 :  

Class:.C 45 
S a l t  Cedar 1 7  8 i 
Mesquite 2 9 13 I 

Class D 31 
Mesquite 30 . , 9 
Arrowweed or baccharis 2 1 r 

A l l  Classes -' Totals 216 . . 152 ; 
S a l t  Cedar 87 
Mesquite 63 
Arrowweed or baccharis 2 - 

y P~oduct  of volume density and t o t a l  a k a  of fringe.  

! 
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Table 4 
CCINSUM;JPIVE USE BY NATIVE mETATIOX ON ARJL4 TO BE CLEAREE 

G i l a  River Channel 
Middle G i l a  River Area, Arizona 

Consumptive 
Use Eff ec- 

Coefficient t ive  
100% Volume Consumptive Consumptive Precipi- Consumptive Use Rate Area 

Type of Density Use Factor Use tat ion 100% Volume Density 100% Volume Consumptive 
Native Vegetation K F U 8 U-R Use 

(Inches) (Inches) (Inches) (Feet) (Acres y (Acre-Feet) 

BROdN CMAL HEADDIG TO SAN CARLOS RESERVOIR 

Salt  Cedar 1.50 58.16 87.24 8.01 79.23 6.60 5,622 37,105 
Mesquite -75 58.16 43.62 8.01 35.61 2.97 610 1,812 
Arrowmeed or 

baccharis 1.00 58.16 58.16 8.01 50.15 11. 18 86 360 
Total 

W 
'69 318 39,277 

& CONFLUENCE OF SAN PZnRO RIVER TO BIJTTE RESERVOIR SITE - 
Sal t  Cedar 1.50 58. U 87.19 10.119 76.70 6.39 1,006 6,L28 
Mesouite 75 58-13 U.60 10.119 33.I.l 2.76 739 2 ,040 
Arrowweed or 

baccharis 1.00 58.U 58.13 10.119 47.611 3.97 2& 95 
Total 1,769 ,563 

1/ Computed by subtracting totals  l i s ted  for  each species in Table 3 from those l i s ted i n  Tables 1 and 2. - 
K = Enpirical coefficient developed fo r  the Lower Colorado River Basin. 
F = Sum of monthly consumptive use factors for  the growing season of a s ~ e c i f i c  area. The monthly consumptiv? 

use factor i s  the product of  mean monthly temperature and monthly percent of daytime hours f o r  a specific ares 
U = KF = Consumptive use i n  inches. - 
R = Effective precipitation for the growing season of a specific area i n  inches. Only monthly ra infal l  exceeding 

0.55 inches has been considered effective. Montns with precipitation of 0.55 inches o r  less  are omitted from 
the computations and the ent i re  precipitation for  months wi th  precipitation greater t lzan 0.55 inches is in- 
cluded. 
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i. The consumptive use required t o  support a beneficial  vegetative 
cover such a s  native grasses, or t o  support the regrowth of the native 
vegetation under normal maintenance i s  estimated a t  the r a t e  of one 
acre-foot an acre or 11,200 acre-feet  a year f o r  the acreage t o  be 
cleared between the heading of the. Brown Canal and the San Carlos 
Reservoir. With  resent consumptive use by native vegetation of 
39,280 acre-feet  a year i n  t h i i  'area and consumptive use of 11,200 
acre-feet year subsequent t o  clearing, the estimated water salvage 

!Co:.be reaxised by clearing would average 28,100 acre-feet a year for  
: tWs section of the Gila River.. : 

. . . . . . . . . 

The present consumptive use of the 2,6b0 acres of native vegeta- 
t ion  t o  be cleared i n  the r iver  reach between the mouth of the San . . 
Pedro River and the Buttes Reservoir s i t e  would average e,560 acre- 
f e e t  a year. Allowing for  an annual consumptive use of one acre-foot 
an acre fo$ the  2,6b0 acres subsequent t o  clearing, the estimated 
water salvage resu l t ing  from the improvement would average 5,920 
(rounded 5,900) acre-feet  a year f o r  t h i s  reach of the Gila River. 

The water salvaged by the removal of phreatophytes would decrease 
t h e  present val ley depletions upstream and downstream from Coolidge 
Dam. It cannot be s t a t ed  def in i te ly  how and where the salvaged water 
would be used as  par t  of the water would be salvaged downstream from' 
the points of upper val ley diversions. For the purpose of estimating 
the net  amount of'salvaged water available for  farm use, it was neces- 
sary t o  make cer ta in  assumptions as  t o  where the water would be used. 
O f  the 28,100 acre-feet  salvaged upstream from Coolidge Dam, it is 
estimated tha t  4,600 acre-feet  would be salvaged upstream from the 
heading of the F t ,  Thomas Consolidated Canal and 23,500 acre-feet 
downstream. It was assumed t h a t  the b,600 acre-feet  salvaged upstream 
from the heading of F t .  Thomas Consolidated Canal would be used i n  the 
Safford Valley by e i the r  pumping from the ground-water reservoir  or  
gravi ty  diversion and t h a t  15 percent of the salvaged water would be 
l o s t .  i n  delivering the water t o  the farms. The 23,500 acre-feet  s a l -  
vaged between t h e  heading of the Ft.  Thomas Consolidated Canal and the 
San Carlos Reservoir and the 5,900 acre-feet salvaged between the mouth 
of the San Pedro River and the Buttes Reservoir s i t e  were considered as .  
being routed t o  Ashurst-Hayden Dam. In  routing the water t o  the .farms, 
it was estimated tha t  20 percent of the water salvaged between the 
heading of the Ft .  Thomas Consolidated Canal and San Carlos.Reservoir 
and 1 0  percent of the water salvaged between the mouth of the San PBdr6 
River and the Buttes Reservoir would be l o s t  en route t o  Ashurst-Hayden 
Dam. On the basis of past  diversions, it i s  estimated t h a t  3b percent 
o f  the water diverted a t  Ashurst-Hayden Dam would be l o s t  en route t o  
the farms. 

3 . .  

1 Table 5 a summary of the water salvaged and delivered 

i t o f a r m s  resul t ing from the proposed clearing of native vegetation i n  

I the Gila River flood p la in .  
, , 

. .  . . , > <,: 
. . . ~ ::. , 
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Table 5 
WATER SUPPLY SUMMARY 

Middle Gila River Area, Arizona 

Present Subsequent Water Salvaged 
Consumptive Consumptive Salvaged Water 

Location of Acreage Use on Land Use on Land (Rounded) Delivered 
Channel Clearing Cleared t o  be Cleared Cleared (2)-(3) t o  Farm 

Brown Canal t o  
Ft. Thomas Canal 2,000 6,590 2,000 4,600 3,900 

Ft. Thomas Canal 
t o  Coolidge Dam 9,200 32,690 9,200 23,500 12 ,k00 

Mouth of San Pedro 
River t o  Buttes 
Reservoir S i t e  2,640 8,560 2,640 5,900 3,500 

Total 13,840 b7,840 13, 8bO 3h,000 19,800 

Areas of Water Conservation Benefit 

The agr icu l tura l  areas i n  the Safford Valley and i n  the San Carlos 
Project  area i n  Pinal County wobld be the pr incipal  areas  benefit ing 
d i r ec t ly  from the water t h a t  would be salvaged from the eradication and 

a 
control  of phreatophytes along the Gila River. The water would be 
available f o r  i r r i ga t ion  of agr icu l tura l  crops and would therefore con- 
s t i t u t e  a d i rec t  benef ic ia l  addit ion t o  the  exis t ing agr icu l tura l  economy. 
The comparatively small amount of incremental water and the manner i n  
which it would become available would, however, prohibi t  any subs tan t ia l  
increase i n  the  i r r i ga t ed  areas.  Although t h i s  supplemental water could 
be used t o  more completely provide an adequate supply t o  the crop acreage 
presently i r r iga ted ,  i n  t h i s  study it is assumed t h a t  the  water will be 
used t o  i r r i g a t e  addi t ional  land within the confines of ex is t ing  farms. 

Project Lands - 
The i r r i ga t ed  areas of the Safford Valley and San Carlos Project  

areas have developed on the a l l u v i a l  f i l l e d  val ley s o i l s  of the Gila 
River. The Safford Valley has some 32,500 acres of i r r i ga t ed  land while 
the San Carlos Project ,  although containing 100,000 acres of land en- 
t i t l e d  t o  water, has only been ablb t o  i r r i g a t e  about 60,000 acres an- 
nually during the past  several  years. The s o i l  material  consists 
primarily of old, water-laid unconsolidated deposits  which or ig ina l ly  
had t h e i r  so;lrce i n  a var ie ty  of formations i n  which grani te  and r e -  
l a ted  rocks predominate. The s o i l  body is qui te  heterogeneous, both 
i n  texture  and depth, and consis ts  generaily of various s i ze s  of 
qua r t z i t i c  sands. Most of the s o i l  bodies are composed of coarse 

e 
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textured loamy sards and sandy loams although there a re f iner : tex tu i ' ed  
s i l t  loams and clay deposits i n  loca l  areas .  Surface drainage is 
g e ~ e r i l l y  good 'over most of ' the  ' i r r igated area but i n t e rna l  drainage 
i s  r e s t r i c t ed  i n  places by  compact subsoil.materia1. The lan' a reas  
a r e  usually smooth and comparatively f l a t o r  gently sloping but near 
the present channel of the r i ve r  the land areas a reoccas iona l ly  d i s -  
sected by old meanders of the stream. Excess quant i t i es  o f  soluble 
s a l t s  r e s t r i c t  crop growth i n  l o c a l a r e a s  of small extent;  however, 
th i s .adversecondi t ion  is often a r e su l t  of having inadequate water 
t o  keep the s a l t s  leached out of the s o i l  body. Shallow s o i l  cover 
over coarse sand and gravel, or lime cemented !!caliche!! areas cause 
crop production trouble i n  places but generally t h i s  condition i s  not 

Agricultural Ec,onomy 

The agr icul ture  i n  both the Safford Valley and the San Carlos 
P r o j e c t a r e a  i s  quite similar.  Both areas experience watershortages 
and.the farmers! adjustments t o  these shortages a r e  much the same. 
The ' typical  adjustment t o  the highly variable water shortage is t o  
reduce the i r r i ga t ed  area and use the available water for  i r r i ga t ion  
of higher value annual crops having lower water requirements. Cotton 
is b y f a r  the most important crop i n  both areas with a l f a l f a ,  barley, 
and sorghum accounting f o r  most of the remaining i r r i ga t ed  land. The 
lands i n  the Indian owned and operated section of the,San Carlos Proj- * ec t  have not been farmed as  intensively i n  the past those i n  the 
other areas. The qua l i ty  of the land and the water supply available 
t o  them, however, are' comparable t o  other areas. In  t h i s  study 

areas resu l t  in ,c rops  being grown a l l  year long. It i s  acomnion 
.pract ice ,  when suf f ic ien t  i r r i ga t ion  water is available,  t o  double 

a common practice i n  places. 

The analysis of agr icu l tura l  value and benefit  of the salvaged 
water was made on 'a  reconnaissance level .  As it was not possible t o  
co l lec t  complete basic information of the agr icu l tura l  practices and 
costs under the time allowed for  the study it became necessary t o  
r e l y  on information already available i n  the Bureau of Reclamation 
f i l e s .  Previously furnished data on the San Carlos Project  operations 
and published bul le t ins  of the University of Arizona were thepr inc ip .a l  
s ources of information. 
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Land Use and Crop Yields 
a 

A s  most of the available information dea l t  with the agr icul tural  
pract ices  of the San Carlos I r r iga t ion  and Drainage Dis t r ic t ,  the hofi- 
Indian portion of the San Carlos Project ,  and since the farming 
pract ices  and the crop yields  were s imilar  t o  other areas  t h a t  would 
be benefited, the non-Indian farmed portion of t h i s  project  was used 
as  the basis f o r  developing the agr icu l tura l  value and benef i ts  of 
the program. 

The period 1950-1951, was used t o  determine the average crop yields  
and the acres  i r r igated.  In  t h i s  period an average of about 30,000 
acres  or about 60 percent of the 50,000 acres i n  the D i s t r i c t  were 
cropped. Cotton occupied about 68 percent of the  ne t  area  cropped 
with a l f a l f a  hay and pasture, barley, and sorghum comprising the r e s t  
of the acreage. Only 2 percent of the t o t a l  area cropped was occupied 
by crops other than those l i s t ed .  

The yields  obtained by these crops f o r  the period 1950-1954 were 
adopted a s  representative of future long time yields  f o r  the study. 
The increased water supplies available through phreatophyte removal 
are  expected t o  r e su l t  i n  a corresponding increase i n  the  cropped 
acreage ra ther  than i n  increased yields.  Hence, the same l eve l  of 
yie lds  was assumed t o  prevai l  i n  the  future.  

Representative Farm and Farm Prices  • 
After study of the ownership records of San Carlos I r r iga t ion  

and Drainage Di s t r i c t  lands, a farm containing 200 acres  was selected 
a s  a representative farm for  use i n  determining the value of water 
salvaged from phreatophyte removal. During the 1950-1954 period ap- 
proximately 60 percent of the acreage was cropped, thus on the repre- 
sentative farm 120 acres of the 200 acres  was assumed t o  produce crops. 
The pr ices  used i n  t h i s  analysis  are  long-term projections expected 
t o  prevai l  over an extended period i n  the future.  These pr ices  are  
based on a general l eve l  equal t o  250 percent of the 1910-1914 l eve l  
for. prices received by farmers and a l e v e l  of 265 percent of the 
1910i191L l e v e l  for  pr ices  paid by farmers f o r  items used i n  farm 
production. 

This leve l  and re la t ionship of pr ices  paid and received has been 
adopted by the Bureau of Reclamation f o r  making agr icu l tura l  studies 
a s  those which may be expected t o  prevai l  over an extended period of 
years under assumptions of r e l a t i ve ly  high employment. 

Agricultural Value of Water 

The agr icu l tura l  value of the  salvaged water was calculated by 
use of a farm budget method using the crops, crop yields,  and pr ices ,  
and the s i ze  of farm a s  discussed previously. A representative farm 
budget was prepared and the value derived represents the average value 
of one acre-foot of water delivered t o  the farm. a 

3 -10 

b 



The r e su l t s  of the  budget s t u d y a r e  summarized i n  Table 6. Two 
values a r e  developed, $11.75 and $ 8 . 9 ~  (rounded t o  $9.00). The higher 
value i s  comparable t o  the, maximum amount $hat might be,,available..fpr 
water charges without allowing any p ro f i t  t o  the owner f o r  management 
of t h e  farm. The lower figure recognizes . a  prof . i t  . t . o , , ~ e . ,  ,fg.mer,.(for . . .  
h i s  management of the concern. . , 

Agricultural Benefits of Salvaged Water 
. . , .  . . .  . 

The annual i r r i ga t ion  benefits  creditable t o  salvaged water are  
based on a net  increased annual farm delivery of 19,800 acre-feet as  
shown i n  Table 5.  A t  a  farm del ivery r a t e  of 3.5 acre-feet 'per  acre 
the 19,800 acre-feet would serve an equivalent acreage of about 5,650 
acres. . Crop d is t r ibu t ion  used i n  the representative farm budget sum- 
marized i n  Table 6 is about the same as t ha t '  i n  the period 
1950-195b except the cotton acreage was reduced somewhat and the 
a l f a l f a  acreage increased f o r  the long-time projections of farm . ' 

operations. This adjustment permits a more sui table  crop rotat ion 
plan from the standpoint of productivity and crop divers i f icat ion 
and fits i n  be t t e r  with the development of a l ivestock enterprise.  
Crop d is t r ibu t ion  on the 5,650 .acres was assumed t o  be t h e  same as  
t ha t  used i n  the farm budget. This d i s t r ibu t ion  i s  shown i n  Table 7. 
Likewise, i n  the  budget analysis and the benef i t  calculations,  it was 
assumed t h a t  the farm would be operated a s  a cotton-livestock enter-  
prise.  The cotton was considered sold a s  a cash crop. 'Livestock was 

a considered purchased and fat tened f o r  sa le  through feeding of the 
forage crops. .. . 

The agr icu l tura l  benefits  include d i r ec t  and indirect  benef i ts  
resul t ing from the increased production a t t r ibu tab le  t o  the added 
water supply. The d i r ec t  benefits  a r e  measured a s  the increased 
net income t o  the project  farmers. The ind i rec t  benefits  represent 
the increase i n  net  income t o  the off-farm handlers and processors 
of the increased production and are  measured by applying appropriate 
factors  t o  the  farm value of the increased production. Derivations 
of the d i r ec t  and ind i rec t  benef i ts  a r e  summarized i n  Tables 8 and 9. 

The t o t a l  benef i ts  resul t ing from the salvaged water by t h i s  
method are  estimated t o  average (j9L5,660: annually. The d i r e c t  annual 
benefitswould amount t o  $231,950 and the ind i rec t  annual benefits  
would be $713,710. 

. . .  

. . 
, . 

. . 

a 
. . .  
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Table 7 .. 
. . . . . .  IRRIGATED IA N D  GQUIVALENT OF . .. . . ~ .  . 

' '.'"",.SALVAGE WATER FROM RIVER CHANYEL C I S A R I N G .  . ' . . 
,.., . 

' lviiddle GilCRiver drea, Arizona 
. . . .  . . . . . . 
. , . , . 

i,& Item. ; : . , .,,.. .. , 
, . : , . . . . . ,. 

. .  . 
' '  , , 

~ s t i m a t e d  'water savings, farm delivery - 1/ 19,800 ~ c r e - ~ e e t  

Estimated per acre water use, farm del ivery - 2/ : 3.5, Acre-Feet 

irrigated land equivalent, t o t a l  5,650 Acres 

Cotton (40 percent) . . 2,260 
. .  ~ 

Alfalfa (40 percent) 2,260 
. . .  

Barley (20 percent) 1,130 
. . 

Sorghuni (20 percent) double-cropped (1,130) 

. . . ~ 

. , .  
1/ A s  estimated i n  Table 5. - 
2/ Based on records of past measured del iver ies ,  and  estimates of - 

urneastred deliveries.  

. . 
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Table 8 
COiWUTATION OF DIRECT IRR~GATION BENEFITS 

FROM RIVER CHANNEL CLEARI-NG : :. 

iviiddle Gila River Area,' Ai-iioia 

. ... ............... . ,.. , .  

Item Amount 
............ . . 

IL . . . .  
Increased gross farm income . '  , 

' ,  ..: ;  
' Cotton l i n t  - 2,260 acres  a t  '$228 1/ . .  ($513,280 

Cotton .seed - 2,260 acres a t  $50 17 . . . .  1U,000 
Livestock' - 5,8f!7 head a t  +,I63 T/ ' ' I  ' . - 959,580 

Total , ' ' 1,587,860 

Increased farm' costs 

Livestock purchases 2/ 
A l l  other farm costs-3/ - 

Total  1,355,910 

Increased net income (d i r ec t  benef i ts)  231,950 

1/ Derived f o r  un i t s  shown from 'data 'devel&e.d i n  Table 6.: - . . 
2/ 5,887 head a t  an average weight of 375 pounds and a t  an average - 

price of $21.75 per cwt. 

3/ Based upon estimated average farm costs of i240 per i r r i ga t ed  - 
acre l e s s  :$85 f o r  l ivestock purchases a t  1.042 head per irri- 
gated acre ($155 per acre).  





To accompany report  on survey f o r  flood control, Gila River, 
Camelsback Reservoir s i t e  t o  Sa l t  River, Aria,,  dated 
December 31, 1957. 
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A L L O C A T I O N  O F  C O S T S  , 

GILA R I ~ R ,  CAMELSBACK R~SERVOIR SITE TO SALT RIVER, ARIZONA " . . 

. ., 

, . 
- 1 . e .  GENERAL 

. . . . 

This appendix presents the d e t a i l s  of t h e  a l locat ion of &st 
costs and annual charges f o r  the improyernents recommended f o r  con- 

' s t ruct ion a t  t h i s  time along the Gila River from the Camelsback 
Reservoir s i t e  t o  the S a l t  River, Ariz. 

The recommended plan of improvement provides f o r  clearing of the  

. . ,  
r i ve r  channel growth along the Gila River from the upper end of 
Safford Valley t o  the Buttes Reservoir s i t e .  Both flood-control and 
water-conservation benef i ts  would be provided under the recommended 
plan. The first cost of improvements under the plan is estimated a t  
$1,770,000 (December 1957); and the average annual cost of maintenance 
and operation, .?\5'0,000 (December 1957). 

Various methods of a l locat ion.of  costsbetween flood control and 
water conservation were considered, a s  follows: (a )  Separable costs-  
r e d i n i n g  benefits  method, (b) use of f a c i l i t i e s  method, ( c )  benefit  
method, and (a) incremental method. Consideration of a l l  these methods 
indicates tha t ,  i n  t h i s  par t icular  case, the separable costs-remaining 
benefits  method is the.preferable  method.. 

2.  - SEPARABLE COSTS-REpNINING BENEFITS NETHOD (RECOMMENDED), 
. . .  , . .  , ..,# ,~ 

' 

The report ,  "Proposed pract ices  f o r  Economic Analysis of River'.'. 
Basin Projects," prepared by the Subcommittee on Benefits and Costs; 
Federal Inter-Agency,River Basin Committee, under date of Nay 1950,: 
recommends use of the separable costs-remaining benefits  method of 
cost  al location.  The report  s t a t e s  tha t  "equitable d i s t r ibu t ion  may 
be obtained by preventing costs  al located t o  any purpose from exceeding 

. :corresponding benefits;. by requiring each purpose' t o  carry a t  l e a s t  i t s  
. . . , 'separable cost;  and, within these maximum and minimum limits, by pro-. 

viding f o r  proportional sharing of - the  savings resul t ing from m u l t i -  
purpose  development.".^: The amount of benefits  used.as .a basis for  the 
a l locat ion is limited by the cos t .  of available single-purpose a l terna-  
t i ve  projects. .  

In t h i s  specif ic  case, the only a;lternative plan t o  develop 
similar flood-control or water-conservation benefits  would be the.same 

I as  the recommended plan. Thus, the annual charges f o r  the a l te rna t ive  

! plans for  flood conteol or  water conservation are  equal t o  the annual 

i , charges f o r  the recommended plan and no separable costs  would r e su l t  . . 

, . 
from including the individual function i n  the multiple-purpose project .  I .  . . 

i . . 
. . The follbwink table  summariies the' c i lcu la t ions  i n  the: determi- 

a 
* nation of a l l ~ c a t ~ o n  of costs f o r  the recommended plan, hsing the 

separable costs-remaining benefits  method. 
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and rkpayments woild be adjusteh on the basis of ac tua l  construction 
costs.  

'3. USE OF FACILITES PETHOD 

. .The use of f a c i l i t i e s  method i s b a s e d  on the premise tha t  the..: 
jo int  .costs should be proportioned among the various functions , . 

accordine to .  t h e i r  amount of "usel1 of the joint  f a c i l i t i e s .  Joint  

control  and water conservation would have equal use of the  required 

functions: "AS indicated i n  the previous paragraph, no separable. costs 
are involved fo r  e i t h e r  of  the two purposes. 

. .   he followine table  summaj..izes the c@&lations i n  the deterrnkation 
o f ,  al locat ion of costs  f o r  the recommended plm, using the. use o f  
f a c i l i t i e s  method. . , 

. . . .  . . . .  (Use of f a c i l i t i e s  method) . . 

: Flood j 
.Item .. Total control  : conservation : 

. . 
. . . . ,  . , . 
Separable. costs. .......... ., : 0 :  0 : 0 

, j .Allocated joint  costs . . .  ........ : ('average .annual).. .: i~$56,'00.0 : c$56,000 I $li2,000 
, :  

, . : T o t a l  a l locat ion . . .  ........ . . .  (average annual). .: 56,000 : 56,000 : 112,000 
Allocated f i r s t  c o s t  of 8 ........... construction.. .: 785,000 : 7C5,OOO : 1,57'0,000 , 

Allocated ' f i r s t  cost  of ........... . rights-of -way... : 100,000 : 100,000 : -200,000 
Al&ocated t o t a l ,  . ,  . . : 
.. f)st cost..  .,............. :- 885,000 : . 885,000 : 1,770,000' 
Allocated maintenance I : : ............ : end operation. : 25,000 : 25,000 : 50,000 

. ,  . : 

a Both flood control  and water conservation require 1 0 0  percent 



The costs al located t o  flood control would be fur ther  a l located i n  
accordance with the general po l ic ies  expressed i n  a c t s  of Congress. On 
the basis  of present (December 1957) costs, the allocated f i r s t  cost  t o  
the United States  f o r  flood oontrol would be $785,000, which i s  50 per- 
cent of the estimated construction cost. The al located first cost  t o  
l oca l  i n t e r e s t s  f o r  flood control f o r  rights-of-way would be ~100,000. 
The f i r s t  cost t o  loca l  i n t e r e s t s  f o r  water conservation would be 
.;j885,000, of which $785,000 (50 peroent of the estimated construction 
cost)  would be for  construction and "i100,OOO would be f o r  rights-of-way. 

The use-of-faci l i t ies  method is not considered a s  desirable as  the 
separable costs-remaining benef i ts  method. The former method does not 
consider the re la t ive  value or benefits  received by each of the purposes. 
It is a l so  d i f f i c u l t  i n  t h i s  case t o  evaluate the degree of use of the 
project. Although the project  is required a t  a l l  times f o r  both flood- 
control  and water-conservation purposes, t h i s  does not necessari ly mean 
tha t  each should share equally i n  the cost  of the project .  

L. BEWEFIT 1mTHOD 

The benefit  mthod provides f o r  the allocation of the t o t a l  cost  
among the various functions i n  proportion t o  the i r  estimated benefits .  
The following table  summarizes the calculations in the determination of 
a l locat ion of costs f o r  the recommended plan, using the benefit  method. 

Allocation of costs,  recommended plan of improvement, Gila River, Camels- 
back Reservoir s i t e  t o  Sa l t  River, Ariz.,(based on' December 1957 prices1 

(Benefit method) 

Flood Water I 
Item Total  control  conservation ; 

: 
Benefits (average annual). .......... : $92,000 : $232,000 : $324,000 
Percent of t o t a l  benefits..  ......... : 28.4 : 71.6 : 100.0 
Allocation of costs: : ............... Construction costs. :$446,000 : 31,124, 000 : $1,570,000 

Rights-of -way costs. .............. I 57,000 : 143,000 : 200,000 .............. Total f i r s t  costs..  .: 503,000 I 1,267,000 : 1,770,000 
Maintenance and operation costs.,  . : 14,200 : 35,800 : 50,000 

1 

The cos t s  al located t o  flood control  would be fur ther  a l located i n  
accordance with the general po l ic ies  expressed i n  a c t s  of Congress on the 
basis of present (December 1957) costs. The allocated f i r s t  cost t o  the 
United S ta tes  f o r  flood control  would be fi446,000, which is 28.4 percent 
of the estimated construction cost ,  The al located f i r s t  cost  t o  loca l  
i n t e r e s t s  fop flood control  f o r  rights-of-way would be 957,000. The 
f i r s t  cost  t o  l o c a l  i n t e r e s t s  f o r  water conservation would be $,267,000, 
of which $1,124,000 (71.6 percent of the  estimated construction cost)  
would be f o r  construction and $3143,000 would be f o r  rights-of-way. 
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t ion.  These a l te rna t ive  measures should be l i y i t i n g  fac tors . . to  be 

5,  INCRFslFsJTAL METHOD 

The incremental hethod al locates  the  separable costs to t h e i r  
respective purposes -and the t o t a l  jo int  cost t o  the  one basic  pur- 
pose t h a t  is considered the pr incipal  or basic functPon of the 
project. This  method is .generally used where on6 purpose. i s  c lear ly  
incidental  t o  the overal l  purpose of the project. I n  t h i s  par t icu la r  
case, both flood control and water conservation a re  primary purposes - 
nei ther  can b e  considered a s  secondary or incidental  t o  the overal l  
needs of the s i tuat ion.  

If flood control  were considered the primary purpose of the  
recoinmended plan, flood-control benefits  could not, by themselves, 
j u s t i f y  the project. Assuming a benefit-cost r a t i o  of 1.2 t o  1, 
the ju s t i f i ab l e  average annual expenditure for  flood control would 
be $76,700. On the other hand, if water conservation were con- 
sidered t h e  primary purpose, the water -conservati on benefits  would 
ju s t i fy  the  e n t i r e  cost of the recommended plan. The follcwing 
tab le  sunnnarizes the calculations i n  the determination of alloca- 
t ion  of costs f o r  the recommended plan, using the incremental 
method.. No separable costs  a r e  involved for  e i t he r  of the two 

'' 

purposes. The costs  al located to flood cont ro l  would be fur ther  
allocated i n  accordance with the general pol ic ies  expressed i n  
ac t s  of Congress. 

, . .. . 

. . .  



Allocation of costs,  recommended plan of improvement, Gila River, Camels- 
back Reservoir s i t e  t o  Sa l t  River, Ar'iz. (based on December 1957 pr ices)  

(Incremental method) 

: 
Primary , I : Water : 

Item : 
purpose . Flood : aonser- : ~ o t a l  

: : vation : 
, . 

Flood : Saparab$e..cogt of water :...........: 0 :........., 
control. : cons'ervation. . 

: Flood-control benef i ts  : $92,000 : ........... : .......... 
: (average annual). : ............ .......... : Just i f iable  expenditure : 76,700 : : 
: f o r  f l o o d  control  : 
: (average annual ) .* : 
: Allocated costs  : 76,700: $35,300: $Xi.2,000 
: (average annual). : 
: Allocated f i r s t  cost  of : 1,075,000 : 495,000 : 1,570,000 
: ' construction. 
: Allocated f i r s t  cost  of : 137,000 : 63,000 : 200,000 
: rights-of-way. 
: Allocated t o t a l  f i r s t  : 1,212,000 : 558,000 : 1,770,000 

, : cost. 
:Al located maintenance : 34,000 : 16,000 .: 50,000 
: and operation. . . 

Water : Separable cost of 0 ....................... 
conser- : flood control ,  : : 
vation, -r Water-conservation bene- r...........: 232,000':. .......... 

: fits (average annual). r : . 
. r. Jus t i f iab le  expenditure r...........: 193,000 I.......... 

r f o r  water conser- 1 : 
: vation.3~ : r : 
: Allocated costs  0 :  112,000: 112,000 
: (average annual). : : : 
: Allocated t o t a l  first : 0 : 1,770,000 : 1,770,000 
: cost. : : : 
: Allocated maintenance : 0 : 50,000 : 50,000 
: and operation. 

Assuming a benefit-cost r a t i o  of 1.2 t o  1. 

On the assumption t h a t  flood control  were the primary purpose of the  
recommended plan, the allocated first cost t o  the United States  f o r  flood 
control would be :)1,075,000, which is 68.5 percent of the estimated con- 
s t ruct ion cost. The al located first cost t o  l oca l  i n t e r e s t s  f o r  f lood 
control  for  rights-of-way would be :4137,000. The f i r s t  cost  t o  l o c a l  
i n t e r e s t s  f o r  water conservation would be :>558,000, of which $495,000 
(31.5 percent of the estimated construction cost)  would be fo r  construction 
and $63,000 muld  be f o r  rights-of -way. . 



On the assumption tha t  water conservation were the primary 
purpose of the recommended plan, water-conservation features  would 
pay the en t i r e  cost  of the recommended plan. 

The incremental method i s  not considered a sui table  method 
of a l locat ion of costs  i n  t h i s  spec i f ic  case. As indicated above, 
nei ther  of t h e  two purposes (water conservation or flood control)  
can be considered as secondary or incidental  t o  the  overall  needs 
of t he  s i tua t ion ,  I n  addition, t h i s  method v io la tes  one of the 
principles of a l locat ion of costs - t h a t  joint  costs  be a l located 
i n  such a way t h a t  each purpose w i l l  share equitably i n  the savings 
o r  economies resul t ing from the  joint  use. 

6. RECOW@NDATIONS 

The separable costs-remaining benefits  method of a l locat ion 
of costs  i s  recommended f o r  use i n  t h i s  report, 
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R E S O L U ' i ' I O N S . B Y  L O C A L  I N T E R E ' S T S  

- RFiSOLUTION' 

, . ,  : 

San Carlos Reservoir and from the Coolidge Dam downstream t o  the 

. , .  

t h a t  no money appropriated s h a l l  be'expended oh the construction of 
any project  u n t i l  States ,  po l i t i ca l  subdivision thereof,  or any other 
respbnsible l o c a l  agencies have given assurances s a t i s f a c t o r ; y t o t h e  
Secretary of the Amy t ha t  they w i l l  assume cer ta in  enumerated 
obligations:; a n d  

I 
I WHEREAS, protection against  flood damages would be provided 
! 
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NOW, THEREFORE, BE I T  RESOLVED by the Board of Directors of 
the San Carlos I r r iga t ion  and Drainage Di s t r i c t  t h a t  i f  a flood-control 
project  comprising channel clearing along Gila River be found economically 
feasible  and be authorized by Act of Congress, the  San Carlos I r r i ga t ion  
and Drainage Di s t r i c t  w i l l  par t ic ipate  t o  the best  of its a b i l i t y  by (1) 
assuming joint  sponsorship of the proposed project  with other appropriate 
agencies and (2)  attempting t o  a r r ive  a t  an equitable d i s t r i b u t i o ~  
betvteen the respective agencies of those costs  and items tha t  are t he  
obligation of l o c a l  in te res t s .  We understand tha t  t he  obligations of 
l o c a l  in te res t s ,  a s  t h e i r  par t  of the proposed project ,  are a s  Pollowst 
(a )  Acquire and provide, without cost  t o  the  United States,  lands, 
easements and rights-of-way necessary f o r  the  construction of the project; 
the cost  of such rights-of -way i s  presently estimated a t  $200,000; (b) 
hold and save the IJnited States  or any instrumentality, deaartnent, or 
agency thereof, f ree  from any damages a r i s ing  from construction, mainte- 
nance, and operation of the work; ( c )  maintain and 6perat.8, upon completion, 
a l l  works i n  accordance with regulations t o  be prescribed by the Secretary 
of the Army; (d)  es tab l i sh  and enforce flood-channel limits and regulations, 
sa t i s fac tory  t o  the Secretary of the Army, f o r  the preservation of t he  
flood-carrying capacity of the channel; ( e )  in consideration of the water- 
conservation benefits ,  enter i n t o  a contract  with the United States  f o r  
repayment of the costs  al.located t o  water conservation; such costs, now 
estimated t o  be 5b.9 percent of the t o t a l  construction cost ,  t o  be repaid 
i n  hO equal annual payments without i n t e r e s t ;  on the basis of present 
prices,  the estimated amount of :862,000 would be repaid i n  hO equal 
annual payments of $21,550; the a l locat ion of repayments t o  be adjusted 
on the basis  of ac tua l  construction costs;  and 

@ 
BE I T  FURTHER RESOLVED t h a t  i n  the event the  Graham County 

in t e r e s t s  are #unwilling t o  approve or  t o  par t ic ipate  i n  the project ,  then 
t h i s  D i s t r i c t  w i l l  par t ic ipate  t o  the bes t  of its a b i l i t y  i n  assuming 
joint  sponsorship of a project  designed t o  eliminate such upper val ley 
areas as  a r e  unwill ing,to par t ic ipate  and, i f  such a l t e r e d  project  be 
found feasible ,  w i l l  lend i ts  best  e f f o r t s  toward seeking sponsorship 
and approval of such a l te red  or modified project  by those other public 
agencies found t o  be benefited thereby; and 

BE I T  FURTHER RESOLVED, t h a t  t h i s  resolution be entered i n  the 
minutes of the Board of Directors, San Carlos I r r iga t ion  and Drainage 
Dis t r ic t ,  and tha t  the Secretary of sa id  D i s t r i c t  be, and he is hereby 
directed t o  forward a c e r t i f i e d  copy of t h i s  resolut ion t o  the D i s t r i c t  
Engineer, United States  Army Engineer Dis t r ic t ,  LQS Angeles, Corps of 
Engineers, P. 0. Box 17277 Foy Station, Los Angeles 17 ,  California. 

Passed and approved by the Board of Directors of the San Carlos 
I r r iga t ion  and Drainage Dis t r ic t ,  Pinal County, Arizona, t h i s  28th day 
of December, 1957. 

/s/ 0. W. Rugg 
0. W. Rugg, President 
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ATTEST : 

CERTIFICATE - 
RIZOWA ) 

ss 



RESOLUTION 

WHEREAS, Section 6 of Public Law 761, 75th Congress, approved 
June 28, 1938, authorized the preliminary examination and survey f o r  
flood control  on Gila River and t r ibu ta r ies ,  Arizona and New Mexico; -. 
and 

WHEREAS, a ~ r e l i m i n a r y  examination report  on Gila River and 
t r i bu ta r i e s ,  Arizona and New Mexico, indicated the advisab i l i ty  of 
a flood-control survey of the e n t i r e  Gila'River Basin, including the 
area along Gila River from Camelsback Reservoir s i t e  t o  Sa l t  River; 
and 

WHEREAS, the Senate Public Works Committee Resolution of 
August 27, 19.56, requested the Board of Engineers f o r  Rivers and 
Harbors t o  review the reports  of the Chief of Engineers, with a view 
t o  determining what fur ther  improvements f o r  flood control  ,and a l l i e d  
purposes were advisable for  Gila River Basin a t  t h i s  time, With par- 
t i c u l a r  reference t o  (a )  construction of a flood-control dam on 
G i l a  River a t  or  i n  the v i c in i ty  of Camelsbaclc s i t e  in eastern 
Arizona; (b) construction of a flood-control dam a t  or near the  Buttes 
s i t e ,  or a t  a s i t e  above the mouth of San Pedro River; and (c )  
r ec t i f i ca t ion  of the Gila River channel downstream from the location 
of t ha t  dam t o  the San Carlos Reservoir and from the Coolidge Dam 
downstream t o  the Ashurst-Hayden Dam; and @ 

WHEREAS, an Interim Report on Survey f o r  Flood Control, Gila 
River, Camelsback Reservoir s i t e  t o  Sa l t  River, Arizona, has been 
authorized by the Chief of Engineers, United States  Army; and 

WHEREAS, Section 3 of Public Law 738, 7&th Congress, provides 
t ha t  no money appropriated s h a l l  be expended on the construction of 
any project  u n t i l  States ,  p o l i t i c a l  subdivisions thereof, or  any other 
responsible l oca l  agencies have given assurances sa t i s fac tory  t o  the  
Secretary of the Army t h a t  they w i l l  assume ce r t a in  enumerated 
obligations; and 

WHEREAS, the laws of the State of Arizona permit i r r i ga t ion  
d i s t r i c t s  t o  cooperate with the United States  i n  the  ccr.struction of 
flood control  projects and other purposes; and 

WHEREAS, protection against flood damages would be provided t o  
property along the Gila River in the Gila Valley I r r i ga t ion  Di s t r i c t  
by channel clearing along the Gila River between the upper end of 
Safford Valley t o  the  Buttes Reservoir s i t e ;  and 

NOW, THEREFORZ, BE I T  RESOLVED by the Board of Directors of the 
Gila Valley I r r iga t ion  Di s t r i c t  t h a t  i f  a flood-control project  
comprising channel clearing along Gila River be found economically 
feasible  and be authorized by Act of Congress, the Gila Valley 
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I 

I r r iga t ion  d i s t r i c t  w i l l  par t ic ipate  t o  the best  of i t s  a b i l i t y  by 
(1)  assuming joint  sponsorship of the proposed project  with the 
San Carlos I r r iga t ion  and Drainage Di s t r i c t  and other interested 
par t ies ,  and (2)  attempting t o  a r r ive  a t  an equitable d i s t r ibu t ion  
between the respective groups of those costs and items t h a t  a r e  the 
obligation of loca l  in te res t s .  lde understand t h a t  the  obligations of 
loca l  in te res t s ,  a s  t h e i r  par t  of the proposed project ,  are  as  follows: 
( a )  Acquire and provide, without cost  t o  the United States,  lands, 
easements, and rights-of-way necessary for  the construction of the 
project;  the cost  of such rights-of-way i s  presently estimated a t  
$200,000; (b)  hold and save the United States  or any instrumentality, 
department, or agency thereof, f r ee  from any damages a r i s ing  from con- 
s t ruct ion,  maintenance, and operation of the work; ( c )  maintain and 
operate, upon completion, a l l  works i n  accordance with regulations t o  
be prescribed by the Secretary of the Army; (d)  es tab l i sh  and enforce 
flood-channel l i m i t s  and regulations, sa t i s fac tory  t o  the  Secretary 
of the Army, for  the preservation of the flood-carrying capacity of 
the channel; ( e )  in consideration of the water-conservation benefits ,  
enter i n to  a contract with the United States  f o r  repayment of the costs  
a l located t o  water conservation; such costs, which amount t o  54.9 
percent of the t o t a l  construction cost ,  t o  be repaid i n  bO equal annual 
payments without in te res t ;  on the basis of present prices,  the estimated 
amount of $862,000 would be repaid i n  bO equal annual payments of 
$21,550; the a l locat ion of repayments t o  be adjusted on the basis of 
actual  construction costs;  and 

ON BEHALF of the Gila Valley I r r iga t ion  Di s t r i c t  t h i s  approval 
is conditional and ten ta t ive  and i s  dependent upon an over-all project  
t o  include the building of a dam i n  the v ic in i ty  of Camelback, and tha t  
a proper agreement with respect t o  the use of the  salvaged water and 
who pays f o r  what and how much, between the two i r r i ga t ion  d i s t r i c t s ,  
and tha t  the  r i g h t s  under the Gila Decree be not impaired or modified 
without an agreement; and 

BE I T  FURTHRR RESOLVED, That t h i s  resolution be entered i n  the 
minutes of the  Gila Valley I r r iga t ion  Dis t r ic t ,  and that .  the Secretary 
of sa id  D i s t r i c t  be and he is hereby directed t o  forward a c e r t i f i e d  
copy of t h i s  resolut ion t o  the D i s t r i c t  Engineer, United States  Army 
Engineer Dis t r ic t ,  Los Angeles, Corps of Engineers, P. 0, Box 17277, 
Foy Station,  Los Angeles 17, California. 

Passed and approved by the Board of Directors of the Gila Valley 
I r r iga t ion  Di s t r i c t  t h i s  6th  day of January, 1948. - 

GILA VALLEY IRRIGATION DISTRICT 

! 
i 

/s/ M. J ,  Ferguson 
President' 

i /s/ E m i l  Crockett 
Secretary 
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