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_ REPORT OF THE DISTRICT ENGINEER .
"‘""i_O'N -
SURVEY FOR FLOCD CONTROL, GILA. RIVER
" GAMELSBACK RESERVOIR SITE TO SALT RIVIR, ARIZ.

SYLLABUS

The district engineer finds that a flood problem exists in
Arizona along the Gila River from the upper end of Safford Valley
to.the mouth of the Salt River, and that the. water supply available
for utilizatlon igs not adequate to satisfy the irrigation-needs of
the.area. He.also finds that river~bottom growth along .the Gila
Rlver creates a major flood ‘menace and transpires large amounts of

. water annually.

The district engineer finds that optlmum development of the
water resources of the area could be accompllshed by a comprehensive

~ improvement providing for (a) a flood~ control. reservoir at the Earven

81te, (b) channel . improvements consisting of .channel clearing along

“the Gila River from the upper end of Safford ‘Valley to the Buttes
JReserv01r site, and (c) a multlple-purpose reservoir at the Buttes
~site, However, in this report, detailed. congideration is limited

to., channel improvements ‘only because (a) congtruction of the channel
imif rovements is not: dependent upon the other units considered ,
(b) .completed studies on thesé channel improvements indicate that
the improveménts are well justified, snd (¢) studies of the other
units of- the comprehensxve plan-are not complete.

The district engineer finds that a cleared floddway along the
Gila River from the upper end of Safford Valley to San Carlos
Reservoir and from the mouth of the San Pedro River to the Buttes
Reservoir site would provide partial protection to areas in Safford
Valley that are primarily agricultural and would also result in a
net increase to the farmer of 19,800 acre-feet of water annually.

The district engineer estimates the total Federal first cost
of the channel improvements at $1,570,000 {December 1957), and the
total non-Federal first cost at $200,000 (December 1957). He esti-
mates the total average annual charges at $112,000, including an
average of $50,000 annually for maintenance and operation, He
estimates the.average annual primary benefits that would accrue
from flood control and water conservation at $32},000, He finds
that the ratio of average annual primary benefits to average annual
charges would be 2,9 to 1, He ¢oncludes that the project would be
justified on the basis of the tangible primary benefits alone. Use
of secondary and intangible benefits would further increase the
Justification,




The district engineer is of the opinlon that, because of the
water-conservation benefits that would result from construction of
the recommended project, local interests should be required to reim-
burse the United States for that part of the project construction
cost that is allocated to water conservation, and such reimbursement
should be made in L0 equal annual payments without interest. On
the basis of December 1957 prices, the estimated amount of $862,000
would be repaid in L0 equal annual payments of $21,550.

The district engineer recommends that the construction of
channel improvements, consisting of a cleared floodway along the
Gila River from the upper end of Safford Valley to San Carlos
Reservoir and from the mouth of the San Pedro River to the Buttes
Reservoir site, be authorized, subiject to the condition that local
interests furnish assurances satisfactory to the Secretary of the
Army that they will (a) provide necessary landy, easements, and
rights-of =way; (b) m#intain and operate the channel improvements
in accordance with regulations to be pregcribed by the Secretary
of ‘the 'Army at an average annual cost estimated at $50,000;

(o) keep the flood channél of the Gila River from the upper énd -

of Safford Valley to San Carlos Reservoir and from the mouth

of the San Pedro River to the Buttes Reservoir site fres from
" encroachment; (d) repay to the United States 5L.9 percent of the
total construction cost in Lo equal annual payments without interest
(the exact amcunt of the annual payments, presently estimated at
$21,550, to be adjusted on the basis of actual costs of constructing
the project - annual payments to be made to the Secretary of the -
Interior, who, in turn, shall deposit such funds in the Treasury

of the United States as miscellaneous receipts), (e) hold and save
the United States frée from all damages arising from construction
and’ operation of the work; and (f) adjust all water-rights claims
resulting from construction, operation, and maintenance of the
hmrmmmmms. o _ _ _ o .
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U, S ARMY ENGINEER DISTRICT LOS ANGELES
. . CORPS o ENGINEERS
OFFICE OF THE DISTRICT ENGINEER :
- Los: Angeles, Gallf., December 31, 1957.

Sﬁbjéct; VReport on survey, flood control Glla Rlver, Camelsback
Reservoir sjte to Salt River, Ariz.

AN

Throughﬁf‘The Div151on Englneer, U. 5, Army Engineer Dmvision, .
-~ South Paclfic, San Franclsco, Gallf._

To: The Chief- of Englneers, Department of the Anmy, :

SECTTION. T - INTRODUCTION

1. AUTHORITY _ . ‘ :
' 3 This report is submitted purSuant to resolutlon, dated Angust 7,
. 1956, by the Committee on Public Works United States: Senate 3 which

reads in part as . follows:

G * # 3 That the Board of Engineers for Rivers and '
-rHarbors, #*'3# % be, and is hereby, requested to review.
the. reporis of the Chief of Engineers on the Gila
.- River and tributaries, Arizona and New Mexico, pub= ..~
. -1ished as House Document numbered 331, Eighty-firet
- Congress, -1lst session, and other reports, with a
view to determining whether further improvements for
flood control and allied purposes are advisable in ,
the Gila River Watershed at this time; with particular - -
reference to’ (1) Construction of a flood control dam TR L
_ on the’ Gila River at or in the vicinity of .the =~ =~ .. 7. L
" ‘Canelback site in eastern Arisona; (2) Comstruction . ... - ..
of a flood control dam at or near the Buttes site or | ...
-at & site above the mouth of the San Pedro River; - T
'(3) Rectification of the Gila River channel down- -
. -gtream from the location of that dam to the San .
.. Carlos Reservoir and from-the Coolldge Dam downstream LtoLLT
'i"to the Hayden~Ashurst Dam. _ S

* #* # % % *




2, SCOPE -

. a. GCeneral, The survey described in this report was made to
(1} indicate a comprehensive plan of flood control and optimum water
use in the Gila River Basin between the Camelsback Reserveir site
and the Salt River and (2) develop in detail that part of the compre-
hensive plan that shows promise of providing, at this time, an eco-
nomically feasible unit that would provide flood protection for the
Safford Valley and water conservation for the Safford Valley amd for
the San Carlos project. S " ‘ ST

Under a memorandum of understanding formulated at 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 unit considered in detail in this report;

(2) the design of Earven Dam, one of the comprehensive-plan units

to be studied further; and (3) the evaluation of flood-control
benefits aceruing from all units. The Bureau was made responsible
for (1) the design of Buttes Reservoir and appurtenances, the other
comprehensive-plan unit still under study, and (2) the evaluation

of water~consérvation benefits accruing from all units. In this
report, detailed development of flood problems was limited to the
Safford Valley and detailed development of water-conservation. ~ = -
features was limited to those that would result from the construce
tion of the recommended plan, . No detailed consideration was given
to other comprehensive-plan units, including Earven and Buttes Dams,
The Bureau of Rec¢lamation, with the cooperation of the Corps of
Engineers, is studying Buttes Reservolr and is scheduled to complete
a feasibility report-on that reservoir in about 1 year, The Corps
will give detailed consideration to Earven Reservolr under the -out-
standing authority for a comprehensive study of the (Gila River Basin,

Consideration was given by both agencles to the preservation
and protection of established and potentlal uses of water and to the
development of comprehénsive and coordinated projects for improve-
ments, B R o B

b. Topographic surveys and mosai¢s, "Aerial surveys of the
area under consideration were made in October and November 1956,
Aerisl mosaics baged on those surveys were used in conjunction with
other data in economic studies and in preparation of maps, Check
cross sections at selected points on the Gila River in the area were
made in 1956. These check sections and the aerial mosaics were used .
to adjust data-developed prior to 19LS.

¢. Dconomic and other investigations. Orop reporis of the San

Carlos project and of adjoining areas were analyzed to develop up-to-
date estimates of crop distribution, ylelds, and values, Information




| . ' : - obtained during a field reconnaissance made in March 1957 was used
to adjust available data on type and value of property in the over-
flow areas, A field inspection of the ares was made by the district
engineez_'. '

3, - PRIOR ‘REPORTS

. No prior survey“‘repor'bf on flood control in the ‘Gila River Basin
from Camelsback Reservoilr $ite to the Sglt River, Ariz,, has been
submitted to Congress by the Corps of Engineers, United States Army .

i




SECTION IT - DESGRIPIION o ®
L. LOCATION AND EXTENT

- The Gila River Basin, the largest drainage area tributary to
the lower Colorado River, includes most of the southern half of
Arizona and part of southwestern New Mexico. (See index map, pl. 1,
“at the back of this report,) The drainage area of the basin come
prises sbout 58,200 square miles, 51,500 of which are in Arizona,
5,600 in New Mexico, and 1,100 in Sonora, Mexico, The Gila River
Bagin upstream from the Salt River comprises about 29,300 square
mlles.

5. STREAMS

The Gila River, the main stream in the drainage area, rises
on the west slope of the Continental Divide in southwestern New
Mexico and flows generally westward for 156 miles to the mouth of
the Salt River and thence for 198 miles to the Colorado River, The
principal tributaries that join the main stream upstream from the
Salt River include the following streams, in downstream order: The
San Francisco River (drdinage 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 square 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 northj .
and San Pedro River (drainage area, 1,500 square miles) and Santa
Cruz River (drainage area, 8,600 square miles), which enter the
main stream from the south, ,
The headwaters of the Gila and San Francisco Rivers are perennial,
Surface flow in other parts of the Gila River Basin upstream from the
Salt River is 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 feet in the vicinity of Coolidge Dam to about
11,000 feet along the Continental Divide. 4bout 85 percent of this
area is mountainous, Stream valleys, which range in width from a
few thousand feet to several miles and in length from about 2 to
5 miles, constitute 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 -
in places narrowing to rock-walled box canyons less than 100 feet
in width, Canyons of this type along the upper Gila River separate
the Safford, Duncan-Virden, Red Rock, and Cliff Valleys,

The drainage area between Coolidge Dam and the Salt River com-
prises the large drainage areas of the San Pedro and Santa Cruz .
Rivers and those areas directly tributary to the maln stream,




B GEOLOGY AND son,s

Elevations range from about 1,000 feet at the mouth of the Salt’
River to more than 9,000 feet at the ¢rests of the mountains. The
Gila River flows dn' a cafyod frém Gooladge Tam' to a point near,

- Flopencey. Ariz., ‘Whereé ‘the river entérs a wide plaln of about”
- 700,000 .-s0res “extending -£o the Sdlt River. ‘Except "for scattered
% low mountains, the surface of ﬁhis plain is- generally unbroken.,

LA ‘t.:"' R

Tn general, the mountains in the Glla River Bas1n are of"

. +igneous rock - mostly granitic, schistose, or volcanie. The valleys
along the main dtrean and its tributaries are alluvial fills of -

- varying depths:  The g0il in the valleys is generally fertile; ‘and,

- ‘where water without-a high ‘saline .content is availdble for irrlga-
'tlon, the crop vlelds are high '

s, STRENM CHARACTERI TIeS

In general stream slopes in the GlLa Rlver Basmn are not

‘excesgive. - The gradients of most streams are steep near the head-
‘waters but decrease progressively downstream. In the aréa under

congideration in this report, the average slope of the Gila River
is sbout 9.5 feet per mile through the Safford Valley, 11 feet per
mile between Coolidge Dam and Ashurst-Hayden diversion dam, and

7.5 feet per mile between AshurstuHayden dlver31on dam and the
Salt River. I

In most of the hlgh mountaln areas, the streams have carved
narrow, -deep channels of sufficient capacity to carry floods with
very little local damage, In the nmarrow agricultural valleys lower
in 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, OStreams issue from these valleys and follow courses
across the desert plains in wide, shallow channels that are usually
inadequate to accommodate even moderate floodflows,

Safford Valley, the main agricultural area shove Coolidge Dam,
has an average width of about 1,5 miles and a meximum width of almost
4 miles.,” The river charnnel is l7 miles long. Flows in excess of
about 12,000 cubic feet per second cause appreciable damage to agri-
cultural land, The channel, which is unstable, meanders in a flood
plain, which has & width renging from 1/h to 1~1/2 miles. The
channel has become overgrown with phreatophytes, principally salte
cedar and mesquite, which have choked the channel to such an extent
that small floods overtop the banks and cause damage to adjoining
land, Dowmstream from Safford Valley, the Gila River flows through
the San Carlos Indian Reservation and empties into San Carlos
Regervoir at Coolidge Dam, The river flows in a deep, winding 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
to the mouth of the Salt River, Downstream from Ashurst.Hayden
diversion dam, flows up to 20,000 cubic feet per second are confined -
to a wide, shallow channel, but major floods spread over an area
ranging in width from 1 to 5 miles.

5.




9. VEGETATION

- The type, density, and distribution of natlve vegetation in the
Gila River Basin upstream from the Salt River reflect the difference
in. altitude, temperature, and precipitation., In general, the desert
vegetation is sparse, Cactus, creosotebush, and desert sage are the
dominant plants in most of the desert area, Mesquite, saltcedar, and

arrowweed grow in dense thickets in river bottoms and similar areas
where the water table is closde to the surface.n- -

. Native. grasses, 1nterspersed with desert and semidesert shrubs,
grow at altitudes betwsen 3,000 and 8,000 feet above sea level,
However, .the density of cover is low. at altitudes below 4,500 feet
and only fair at higher altitudes. Overgrazing has destroyed much
of the natural grass, resulting in sparse vegetation or the replace-
ment of grass by rabbitbrush and snakeweed. Woodlands of chaparral,
ogk, pinon, and juniper grow at altitudes between 4,000 and 7,000
feet above sea level, Aspen and such conifers as fir, spruce, and
pine grow where elevations exceed 6,000 feet, but only the high moun-
tain areas receive sufficient moisture to support dense stands of
these forest types. S

10.  MAFS

An index map showing the drainage area and the location of the
improvements considered is attached at the end of this report,
together with nine aerial mosailcs showing the areas subject to
overflow and the. location of the recommended improvements,




SECTION IIT - ECONOMIC DEVELOPMENT
11, POPULATTON

~ The areas affected by improvements considered in this report

¢ 116 principally in Graham and. Pinal Counties, Ariz, According %o

~the United States Census, the populations of those counties were
12,985 and 13,191, respectively, in 1950, The 1950 population -
estimatea for the principal citles and towns that would be affected
--are.as follows: Safford, 3,756; Thatcher, 1, 28h, Florence, 1, 7763
Pima, 82&; Wlnkelman, Shﬁ and Goolidge, ﬂ

"12 OCCUPATIONS AND INDUSTRIES

- - The principal occupatlons in the area along the Gila River

from Camelsback Reservoir site to the Salt River are agriculture,
stock ralsing, -and mining.  About 90,000 acres were irrigated:in’
1956, providing crops with an annual groas value of about $16,000,000,
'Dairying and fattening of range 1ivestock are 1mportant enterprises.

13, AGRICULTURE

. Modern agrlcultural development in Safford Valley: began about
1870. . In 1899, about 20,000 acres were under cultivation. By 1935,
the area under 1rrigation had increased to 32,000 acres and since
that date there has been very little increase in the agrienltural
- ayeas There are no storage reservoirs above San Carlos Reservoir,

the reservoir created by Coolidge Dam, Diversions from the Gila
River and pumping from underground storage are the sources of - -
irrigation-water supply. Since 1940, the quantity of water pumped
‘has: increased, : In 1910, about 120 wells were in use; by the fall

- of 194k, about 215 wells were being pumped; and 581 wells were in
-uge in 1952, The following table summarizes data on amount of water
diverted and pumped in Safford Valley from 1940 to 1956+ '

Data on water diverted and_pumped in Safford Vallqy

- ’ T
. .

g Galendar.year e Surface water : Pumped’water-s 'Total"
S o : Acre-feet Acrenfeet' : Acre-feet
191:[0.--0c|a¢sooo.nao‘lo B 99 693 : 2l-|- 600: 121‘. 293
.19h5q.q1.l..oocwolo-’.og‘. ! 11[.8 675 35,000 H 183,675
19500 iiiveviadaniaradsss 68, s50L 0 . 90,000": . 158,50l
1953--»;._----:--..- vess 39’31{2 I 120’000 AN 159’3h2
195640 ennirrerionaionst 2,779 1 190,000+ -132,779

- Alonig the Gila River between Coolidge Dam and the mouth of the
Salt River, nearly all of the agricultural development is inc¢luded




in the 100,000-acre San Carlos project. Lands within the project

were inhabited by an ancient agricultural people who tilled the fertile
soil of the valley and attained considerable skill in the art of irriga-
tion. These lands were later cultivated by the Pima Indians ard by
non~Indian settlers. The Gila River Indian Reservation, including
50,000 acres of project lands, was established on February 28, 1859,
Development of the agricultural lands continued to a point at which
the normal. flow of the river had been overappropriated, so that during
low=flow periods water in the river was insufficient to irrigate all
lands with water rights., Federal funds were made available for-con-
struction of irrigation works on the Indian reservation and for the
construction of two diversion dams to serve both Indian and non-Indian
lands, Ashurst-Hayden Dam, located on the Gila River about 10 river
miles east of the city of Florence, Ariz,, was completed in 1922,

The dam is 11.5 feet high above the dowmstream apron and has a crest
length of 375 feet, Diversion gates have a normal capacity of 1,200
oubic feet per second, Sacaton Dam, located on Gila Eiver about

22 river miles west of the city of Florence, Ariz,, was completed in
1925, The dam is 3 feet high above low~-water surface elevation and
has a crest length of about 2,000 feet. Two canals, with a corbined
capacity of 600 cubic feet per second divert flow from Gila River at
this point., In 192l, construction of Coolidge Dam was authorized to
provide storage on the Gila River for the control and regulation of
floodflow, The dem was completed in 1928, That year, the Indian and
the non-Indian lands were merged, .and the combined development became
known as the San Carles project, The project area was expanded to
include 100,000 acres, and provision was made for the development of
hydroelactric power at Coolidge Dam, ‘ -

. Facilitated by the mild winters and the long growing season,
the areas are well adapted climatically to the growing of highly
profitable crops, At present, cotton is growm on about 50 percent
- of the cropped acreage., Yields of cotton in Arizona are among the
highest in the nation; in recent years, average yields often exceed
2 bales to the acre and yields as high as )| bales per acre have been
obtained by some growers. - Alfalfa and feed grains are grown on most
of ‘the remaining acreage, Crop values in the Salt River project
(near Phoénix, Ariz.) are considered representative of the values
obtained when an adequate supply of water is available., Average
gross crop values per acre in the Salt River project for the years
1952 to 1956 for those crops grown along the Gila River were:
Cotton, $150; alfalfa, $160; barley, $110; and grain sorghum, $80.

1},, WATER RIGHTS -

Water rights along the Gila River from the Virden.Valley in
New Mexico to the confluence of the Gils and Salt Rivers in Arizona
are adjudicated by a decree entered in the United States District
Court on June 29, 1935 (Globe Equity No, 59), locally knowm as the
Gila River Decree. The decree is administersd by the Gila Water
Commissioner, an officer appointed by the court to distribute the
available water supply according to prior rights or apportionments,




Under the decree, the San Carlos project has the right, with priority
as of 192li, to store the waters of the Gila River in San Carlos
Reservoir to the extent of its full capacity whenever water is avail-
able for storage. The decree provides that the commissioner, on
January 1 of each year, or-as soon thereafter ag water is stored in-
San.Carlos Reservoir, shall apportion to the upper valleys from the

. matural flow of the river a quantity equal to the available stored

water, less losses, subject to a-limitation in the amount and rate
of .diversion. Such water is known as "apportioned" water and is:

;diverted in the upper valleys in-disregard.of the priorities of the

San Carlos. project. Although water rights in-the area. were settled
by the Gila Decree, a serious controversy has persisted between
certain interests over the diversion and use of waters of the Gila
River. Safford Valley interests have objected to the construction

of Buttes Reservoir on the basis that the reservoir could be operated,
in conjunction with Coolidge. Dam, to the-detriment of .their interests,
They .point out that water could be maintained in sterage in Buttes

Regervoir rather than in San Carlos Reservoir and-thereby their. eppor-

tionment might be adversely affected. They, therefore, cbject to

‘construction of Buttes Reservoir unless a reservoir upstream from

Safford Valley is constructed to ¢ompensate for this: interference_
with the present operation of - the Gila Decree, - i~ _

On the other hand, “San- Carlos progect 1nterests would object
to any construction of improvements upstream from Coolidge Dam that
might tend to decresse the inflow to San Carlos Reservoir., They
indicete.bhat:e_reservoir'upstream.from Safford Valley might be
operated to increase the diversions in Safford Valley or to increase
the percolation to the. ground water, Therefore; before any plan of
improvement involving storage along the Gila River from Camelsback
Reservoir site to Salt River could be recommended, agreement regard-
ing water rights betmeen upstream and downstream interests would have
to be thained. D e : . , O

15. TRANSPORTATION FACILITIES

Arterial highways and rallroads connect the Glla Rlver Ba31n
with centers of manufacturing and commerce throughout . the nation, '
United States Highway No. 70 traverses the entire length of Safford
Valley. United States Highway No. 666 extends from the Mexican border
to the State of Colorado and crosses Safford Valley at Safford, Arisz.
United States Highways Nos. 80 and 89 cross: the ‘San Carles project
at: Florence, Ariz. State and county highways and roads supply conhect=
ing links, and many local roads: complete a network that adequately
serves present: needs, The main line. of the Southern Pacific railroad
crosses -the :San Carloes. project at Coolidge, Ariz. Branch lines of the
Southern Pacific railroad :extend the length of most .of Safford Valley
and connect the mining communitles elong the Gila- Rlver belew Coolldge
Dam wi$h the main 11ne. : i oo




| SECTION IV - CLIMATOLOGY
16, GENERAL -

The climate of the area along the Glla River from Safford to
the Salt River is subtropical and arid, . Short, mild winters and
long, hot summers are characteristic of the area. Relative himidity
18 low.and evaporation is high, The average frost-free period is
a3 ‘high as 250 days and the growing season extends throughout the
entire year for some crops, The mean daily temperatures at Safford
and at Cass Grande are about 66° and 71° above zero Fahrenheit.

L/
17. PREGIPITATION RECORDS B _ o _\_;.

‘ Records of - precipitation are availsble for more than hOO sta-
tions in or near the area drained by the Gila River and its tribu-
taries above the S8alt River.  However, the records for about:300 of
these stations-are of short duration and many of the records are -
fragmentary or incomplete. Fort Bsyard, N. Mex., and Bowie, Ariz.,
have the earliest records. Monthly totals at these stations since
1867 are available extept for a few short periods, The longest
unbroken record of daily precipitation is for Tucson; it began in
1891, Recording rain gages have been maintained at Phoenix singe
1906, -at Tucson since 192?, and at Superior, Ariz,, since 1939.
Each of these stations is in or near- the basin.

The computed -average annual preclpitation for the 71-year

- period 1869 to 1939, inc¢lusive, ranges from 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 distinet rainy
seagons, The winter season is from November to March, and the
summer season from June until the early part of September. The
average summer rainfall over the eastern and southern parts of -
the drainage basin is slightly greater than one~half the average
annual precipitation; the ratio of sumner to 'winter. precipitation
decreases from southeast to northwest

18. STORMS | S

Three types of. storms produce rain in the Gila River Baain"
Pacific storms, Mexican storms, and local thunderstorms, Pacific
storms, which occur- during the winter rainy season, originate over
the Pacific Ocean and are composed of polar Pacific and- tropical
Pacific air masses moving eastward. Such storms reflect an oro-
graphic influence and, though low in intensity, may last 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 largs
areas., Such storms are subject to a small extent of orographic

10




influences. They usually occur during late summer or early fall,

and ogcasionally as early as July or as late.as. February., Local

thunderstorms, whlch are frequent summer phenemena, cover compara-

tively small areas and have high ralnfali 1nten31ties of short .
duration. ’

. Floods may result from any of the three types of storms. . The
most destructive floods on the Gila River have been produced by o
Pacific or Mexican winter storms of long duration, ‘but in the San. -
Pedro and Santa Cruz River Basins, the worst floods on record: have
been:produced -by Mexican storms in late summer or early autumn, In
general, local surmer’ storms, though higher in intensity than” general
-~ storms, have not caused such severe flood conditions because they are
. of short duratlon and the areas covered are small. '

19, SNOW
Many pre01p1tat1on records since 1900 for stations in the area

"_include information on snowfall. Snow-course chservations have been
"made since 1937 at’ several points in the upper Gila River Basin, In

”_winter 8now may’ accumulate to considerable depths at elevations.

2,000 :E'eet.

aboveé ﬂ 000 feet but practlcally never falls at elevationg below e

BRI D A
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L SECTTON ¥V ~ RUNOFF AND FLOODS..
20, STREAMFLOW REGORDS

Streamflcw records are available for 67 stations on the Gila
River and its tributaries above the Salt River, Records of discharge
at most stations during flood perlods geperally are inadequate, The
earliest recorded gagings are for 1889 on the (ila River at Buttes
station, Arizona., The longest contimuous record along the Gila
River, in the area urder consideration, began in January 1911 at.
Kelvin, Ariz, The records are published in the water-supply papers
of the Geologlcal Survey, The following table.gives pertinent data
. for representative stream-gaging stations on the Gila River from
- Camelshack Reservoir gite to the Salt. River.

Pertinent data and estimates for representative stream-gaging stations,

Gils R:lver1 Camelsback ﬁeservoir site to Salt River, Ariz,

Pég%Od . Maximum estimated flow

Drain~

Ariz, (about 17 miles
downatream from mouth
of San Pedro River).

. (1911-55

e wh

Location ! age ¢ :
. ' : area : record ! Peak ﬁéte
t Stuar : : Cubic feet ; ,
: mi : : : per second '
Gila River at head of 7,?50 : 1914~55 100,000 : Jan., 19, 1916
Safford Vallsy, near : $ $ :
Solomon, Ariz, : .8 : :
Gila River at Calva, : 11,470 ¢+ 1929-55 100,000 : Jan, 20, 1916
Ariz. (at head of San : : : :
Carlos Reservoir). : ' (1889-90 ') 3
Gila River at Kelvin, ; 18,010 17802 og H 150,000 ; Nov. 28, 1905
: : H

-y

21, TFLOODS OF RECORD

The history of destructive floods on the Gila River has been
compiled for the period 1833-1955, inclusive, Fragmentary historical
records mention general floods in 1833, 1862,1869, 1880, and 188,
Quantitative data are available for floods since 1891,

The greatest floods of record in the areas under consideration
occurred in 1891, 1905, and 1916, but descriptions and estimates of
the floods of 188h and 1906 indicate that they were of comparable
magnitude. Although not larger than the great flooda of earlier
years, those of January 1916 were the most disastrous in the history
of the basin because of the lnereased economic development, Two
Pacific storms, about 10 days apart, brought warm rain to melt
unusually heavy snow covers. The resulting floods were severe and

1?.
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”jjwiéespread Othor larga floods occurred on the Gila Rlver above
" Salt-River in: 191h, 1926;°1930, 1940, 19h1, and 1949. The flood '
ot :September” 1926 is. especially notable in that, it resulted from:'
¢ +d tropical rainstorm- of ‘severe intensity over the southern part of
" “the basin, The following table summarizes the larger floods of 75

record for (a) ‘the Gila River at the head of Safford Valley and

(b)-the Gila River at Kelvin:

C‘-Floods along the Gila Rlver Camelsback Reservoir 51te to the Salt

River, Ariz. S

. o 'Estimated peak discharpgei
© . Date - - - Gila River ., Gila River at Kelvin, Ariz,-
" " tat head of = — -
) . Safford Valley ; Historical | 'Agzgggziiﬁlgf
: Cublc feet .: Cubic feet : Cuble feet - -
ol e o oo o r o oper Second  t per second i per second
‘February 189),,. .00t (8] 1 102,000 - . - 65,000
March 1905, . veeaest (e06) - 3 55 000z - 55,000
November 1905.,.....¢ (***) s 190 000 = 123,000
October 19k, :nuevat - 24,000 1 . W o+ @
December 191k, ...44t - . 50,000°: 67,300 : 67;300
Fuly 1915.2,00000des 0 020,000 1 (#) y
Januvary 1916, ,.,...¢ 100 000 : 132,000 : 70,000
October 1916, ,i.v4et 6?,900 : 55,000 3 15,000
‘September 1926,....: ( ) : 82,000 82,000
August 1930..i..00t (#) -« 42,800 )2, aoo
Febriary 1932.....0%% 21,000 : 2, S
August 193h.. . ieveas 23,000 @ (# = ()
February 1937.....41 . 23,700 : #) e # .
August 1940...eenest - - (#) : o 38,200 1 38,200
September 1941..... 31,900 : (#3 : A#)

- Smaller floods occurring within a period of 60 days of a
larger flood:iwere not considered damaglng and were. therefore not
included in this tabulation. o
## - Egtimated peak dlscharges that would have occurred 1f San
Carlos Regervoir had been in operation since 1888
i No estimate of - peak discharge avallable.
# No flood. . e

22;' FLooD CHARACTFRISTICS

Manv of the - streams in the Gila Rlvar Ba31n rise in: steep :
mountain areas wheré the rate of runoff is relatively high., During
“major storms, the water concentrates quickly in the channels, -




producing violent and deatructive floods, As the valleys widen and
the gradients decrease, the channels increase in size and become more
gbsorptive, Channel storage and losses diminish the flood peaks:when
no additions are made by side-drainage. Winter floods resulting from
general storms of several days' duration are prolonged and relstively
large in total volume., - Peak discharges increase-graduslly and pro-
gress steadily downstream with persistent force. Because winter .
storms usually move from west to east over the basin, the probability
of synchronization of winter floods from the different tributaries

1s emall. Peaks from downstream (western) tribubaries pass on before
the runoff-from the area farther east arrives. Summer floods, because
of the high rainfall intengitles of the storms producing them, ircrease
in discharge rapidly and generally cause severe damage when flowing
through developed areas. Often, however, the summer storms are small
in-areal extent, and the severity exhibibed by the flocds in the
upland aress of their origin is dissipated in the brosder, flatter
valleys downstream., Sumer storms may be stationary or, on southern
tributaries, may move in a general downstream direction; hence,
summer floods: from geveral tributaries are more likely to coincide

in the main stream. The probability of coincidence of peak flows

is somewhat reduced by the fact that summer gtorms usuallv are con=
oentrated on one or 't.wo tribut.aries. : :

. The base flow, made up of contributioms from ground water,
melting snow, and surface runoff from rain prior to the flood- -
producing intensities, is relatively small in the Gila River Basin
streams in comparison with the size of psak floodflows although it
wad _given consideration in the congtruction of hydrographs of
floods. Some authorities belleve that a decrease in the base flow
and an increase in ‘the frequency and magnitude of floods have . -
occurred since the advent of the white man in the (Gila River Basin,
The change in conditions is attributed to the reduction of protec-
tive ground cover and to accelerated erosion caused by overgra.zing
of ths rangelands in the areas producing runoff, _ :

23, FLOM FREQUENCIES

" The probable future frequencies of floods of various magni-
tudes were determined for the purpose of estimating the economic
value of flood-control improvements. DBecause: of the relatively -
ghort period of recorded stream measurements, historical informa-_
tion about floods that occurred prior to those measured was used
in the frequency studies. -This historical information relates
principally to the large floods., The assumption was made that .
smaller floods occurred during the period not covered by records
of measurement with the same frequency as during the period of
record. ‘ .

_Records of peak flows. during the Ll-year peripd 1915-1955 ,
end historical aocounts of floods extending back to lBBh were used
in preparing a discharge-frequency curve for the Gila River at the
head of Safferd Valley, near .Solomon, Ariz, (See pl, 1, apperdix 2.)
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. : ‘Addi¥ional information on frequency studies is given-in. Appendix. 2:
Benefits from flood control.. The estimated frequencies of floods
“of various magnitudes for the (Gila; River near Solomon, Ariz,are
summarized in the follcwing table"““- _

Est;mated flogg frequencies, Gila River at head of. Safford Valleyl
near Solomon, Ariz.

fﬂ;ﬁ:-b y :ﬂ~- o~ f‘~f _ Peak dlscharge
~p.,:jeer of flp?ds,in;100 Ye?r? S equaled or exceeded

Cubic feet per. second

* 48 aw we 38 Jas

0.5'.00.‘0!'...’;;;lou;aot;ilo;'-. . *175,000
"1000005oo'-o‘n'o-;ooo.o--"ac'.--'---"--a : o i 1’..[.0 000
2200 vnnnrrannsnnnrnannaanaseant 110,000
5‘0.'....'.."‘."‘...l..‘.".-...: 69 OOO
10.0uoa-¢co‘¢o'-n-ooao-----o-oaoio: hh,OOO
D0u0unnssnnrasraneannnenrnnat | 26,000
28,00 evrorcnanancovonrorsisasnnost 19, 800
B0.0un s vss s vmnneneeanannant ' ##12,000

# Standard project flood,
## Nondamaging discharge,

2l,, STANDARD PROJECT FLOOD

A standard project flood may be defined as a large hypothetical

. flood that would be exceeded only on rare occasions. Such a flood
could occur in the area under consideration if a storm equivalent
in magnitude to the largest general storm of record in the region
were to center over the basin when ground and meteorological condi-
tions were conducive to a high rate of runoff, Estimates of the
magnitude of such a flood serve not only as a reasonable yardstick
for determining the flood-producing potentialities of that part of
the basin but also as a reasonable upper limit in determining the
size of the flood that should be ‘considered in designing flood-
control improvements.

Upstream from the mouth of the San Pedro River, estimates of
the magnitude of the standard project flood along the Gila River
are based on calculations of runoff that would result if a storm
having characteristics of the January 1916 storm were centered over
the area., Details of the standard project flood at a point just
upstream from Safford Valley are given in the following table:




Estimated peak discharges, standard project flood, Gila River at a
.- _point Juet uggtream from. gafTarE Valley -

$ Ny 1 .
Ttem H ~ Unit H Magnitude
: : R 8 ,
River mile..llll.....OJ':I'.QC,OI...I.QI.C.I..I...I !439
. Drainage area...esvevese’ SQUATE Mil8escinsnessnst ' ‘7,530'
Peak dischar@e.sessevs.s: Cubie feet per second...: - 1755000
vOl‘mel....ti'll.lfci.i." Acre-feetli..lililﬁllll.l 665,000
Duration..‘ll.lﬂ.l.lll.l. Days‘;'!“..IOOOO I.l!..' ’ ' 9
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" 25 LOCA‘I‘ION o ExEnr

The ‘overflow area affected by the imprpvements consmderad in
detail in thms report lies along the - Gila R;ver from the upper end

.....

. imthe Safford Valley and in the San Garlos Indlan Reservatmon.:_
The total area in the flood plain amounts to 22,500 acres.  -Of. the

12,800 cultivated acres subject to overflow, 12 ,500 acres are ‘indluded

; a;rin the Safford Valley and 300 acres are in the San Carlos Indian’
'Ei.fReservation. The principal towns .and communities are .outside the:
., flood plain., A small subdivision of very low-valued homes aboub:
Lo miles east of the city of Safford is, however, subject to overflow.
"g‘The area subject to overflow upstream from San Carlos Reservoir :is
“'shown on aerial mosaics, plates 2 to 5., Wo appreciable flood-control
~;. -benefits would accrue downgtream from Coolidge Dam as a result of
construction of the improvements considered in detail in this report

26, TYPE AND VALUE OF IMPROVEMENTS

The present value of apgricultural property and irrigation works
is estimated at about 85 percent of the total value within the area,
Agricultural improvements include farm buildings (exclusive of dwell-
ings) and equipment, fences, farm roads, crops, and livestock.
Irrigation works include diversion structures, canals and sppurte~
nances, wells, and pumping equipment. Most of the diversion structures
are of temporary character, subject to repeated damage or destruction

by floods. Many low-lying canals are within the overflow area., Farm

dwellings and residential properties are of medium to low wvalue.,

Three highway bridges, at Safford, Pima, and Calva, Ariz,, are
subject to damage. The highway bridge at Calva is now under con-
struction to carry the transcontinental traffic of United States
Highway No., 70, The Calva bridge of the Southern Pacific railroad
is also subject to damage., Utilities subject to damage are electric
transmission lines, telephone and telegraph lines, and gas pipelines.

As indicated under the previous heading "Agriculture,” there
has been very little increase in the agricultural area in Safford
Valley since 1935. The agricultural economy has been generally
stable, Therefore, no increase in agricultural development over the
next 50 years was assumed under existing conditions. A summary of
jnformation on the type and average future value of property in the
overfiow area under detailed consideration is glven in the following
table:
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Value of property subject to damage b standard project flood in the .
overflow areas along the Gila Rgver Trom upper end of Séfford Valley

to San Carlos Reservoir, Aris,

Value

Property - {1957)

es [os aa ae

ReSidentialccaocnogoooo-ooon-aaaooooaooo.-onooooo-ncz T $510,000
Bus:’.ness and ll’ﬁuS'trial..............-u--.o--. veset o C
Publig-.-...-.......u..-............................ ) I ‘ 0
Agr‘i;cul‘bural....-.......-......--...-....-........... - 11,760’000
Irrigatlon works.i'ql.oocootnococ-couuooulu.ttooooccz' 1060 000
Highways and roada..-.--.....--................-.‘..3 s 12h0 000
Railroada...'.......................-.--............u . 180 000
Utilities.lco.oooilol.ct_;noaQ..lllooio.c.ooc.olllloc.: S 60 OOO
B v N \ . - . 3 . °
'Tolbaln.o.-lnhl‘o.oauoo-...lvc-o.'l-loo.looll.ol-‘.|-=7 : 1,..],’810 000
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i | SEOTION VIT - FLOOD DAMAGES
27 DAMACES” FRO PAST FLOODS Lo

Floods on thg Gila River have cogt many 11ves and have caused
_severe damage to property. Completé.data on damages from pasi-floods
-aré not . available, NewsPaper accounts supply incomplete flovd-damage
descriptions of floods that have occurred since 1890, .However,; -

. . monetary estimates ‘ave very limited, Diversion dams, and canal-head~

_;;.ings have. been destroyed repeatedly.  Bank erosion- has robbed the
-jwagricultural valleys of much valuable land, ;

The greatest loss of 1and in any 1 year occurred in 1905, when

"the Gila River was rin flood for L moriths and destroyed several

. thousand acres in Safford Valley. -Compilation of incomplete data

~++ submitted by local interests on floods that occurred. after 1879 on
. the Gila River and tributaries above Coolidge Dam shows that the
“peported damagé was more than $3,500,000 ‘Most of this damage

‘goccurred in Safford Valley,
28, DAMAGES FROM FUTURE FLOGDS

o - Damagés from future floods wvuld be greater than' from past

' floods because of increased development in the area subject 1o over-
flow and because of the deterioration of the flood chammel. In

. estimating the damage from a-single flood, consideration was given
to the prdbable extent of its overflow area, the type and value of
 ‘property subject to damage, ahd the extent of damage that would occur
" 4o each type of property from floodwaters of computed depth and
velocity. The selected magnitudes range from the discharge that
-would cauge a small amount of damage to the discharges of the'standard
project flood. Along the Gila River from the upper end of Safford
Valley to San Carlos Reservoir,. only a small amount- of additional
development is antlcipated over the next 50 years and eStimates of
damages, are.the same under averaga future condxtians as under present
\condltions. . : o

: Pertinent informatlon on the dlrect and indirect damages undar
average future conditions in the overflow area along the Gila River
fprom the upper end of Safford Valley to San Garlos Reservoir 15 given

in the following two tables: =
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Estimated damages from a flood of 175,000 cubic feet per secondi# in .
the overfiow area along the Gila River from the upper end of Safford
Valley to San Uarlos Reservoir

- : - Value. .. ; Eatimated damge
Type of property : P8 :
;  (1957) Direc'b 1 Indirect :-_Tatal
Rosiden'bial..... esevenet  $510,000 ¢ $260,000 3 $50;00‘o ¢ $310,000
Business and - - : I SRS I A : o
industrial..eeseseeast 0: 0. 0 0
Pllblic.l.......I‘Olll.' 0 = ’ 0 : ’ 0: a ‘. 0
Agricultural,icscececest 11,760,000‘: 1 3h0 000 : 220,000 : 1,560,000
Irrigation works,....eef 13;060,000 & 660 000 3 130,000 : 790,000
Highways and roads.,...: 1,240,000 : 950 000 : - 190,000 1,140,000
Railroads...esvisvsnnaet 160,000 160 000 : 160,000 : 320,000
Utilitiea............... : 60 000 : 10 OOO': 10,000 : 20,000
Total.............. 1u,810,ooo : 3,380,000 ;760,000 5 ;140,000
% Diecharge at upper end of Safford Valley,
Estimated damage from future floods of various magnitudes in overflow .

- area along the Gila River from the upper end of Se.fford Vallev to
San Carlos Reservoir '

Estimated damage

Flood ménitude%%

H .
. ¢ Direct  :  indireot . : Total
e —————— ‘ : ‘ — \
Cubic feet per second ¢ 8 ' o H
——,w,%oo——. s $3; 380,000 : - $760,000 i $h,1uo 000
- 72,000 : 1,520,000 : 310,000 1,830,000
35,000 : 640,000 110,000 750,000
17,000 : 150 000 30,000 180 000

s+ Discharge at upper end of Safford Valley.

29. AVERAGE ANNUAL DAMAGES FROM FUTURE FLOODS

A curve was drawn showing the relationship between peak dis~-
charges and average future damages for the overflow area between
the upper end of Safford Valley and San Carlos Reservoir. This curve
was combined with the discharge-frequency curve previously described
to obtain a curve showing the estimated number of times in 100 years
that damages from single floods would be equaled or exceeded, (See .
pl. 2, appendix 2.) The area under the damage-frequency curve
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represents the estimated total flood damages during & 100eyear -
period; and that total, divided by 100, is the estimated average
arnual flood damsge. The average annual future flood damage in the
overflow area along the Gila River between the upper end of Safford
V&lléy and San Cirlés Reservoir is estimated at $33?,000. Additional
“information on flood damagea 1s glven 1n Appendix 2- Benefits from
'*flood control. ”“;

30, INTANGIBLE DAMAGES FROM FUTURE FLOGDS

Future floods along the Gila R1ver would cause serious demages
not. caleulable’ in terms of monétary value, The flood of 1891 caused.
the loss of eight 1ives in Safford Valley, Intangible demages from
futuré floods would tesult from loss of life, deélay in shipment of
»-perishable products,  interruption of passenger travel on rallroads
and highways, isolation.of comminities, interruption of home life
and of school and othéer comminity activ1ties, inconveniences canged
Hbycinterription of public-utility services, lowering of property -
values because of fear of floods, and general lowerlng of communlty

“marale,
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- SECTION VIII - EXTISTING IMPROVEMENTS
31 EXISTING CORRS oF ENGINEERS FLOOD OONPRQL PROJECTS

- Two flood-control projects have been authorized for construc-
tion by the. Corps of Engineers in the Gila River Basin upstream,from
“"the mouth of the Salt River. Neither of these two projects, Whitlow
Ranch Reservoir -(on Quéen Creek) or Tucson flood=-control channel
(in the vicinity of Tueson), affect the flood problem in the area
under detailed consideration in this report,

3 32, THPROVEMENTS BY OTHER FEDERAL avp NON—FEDERAL AGRNGIES

: Goolidge Dam on tho Gila River at mile 3h9 was constructed by
the United States Indian Irrigation Service at a cost of $5,250,000.
The large capacity of San Carlos- ‘Reservoir,. initially 1,195,000
acre-feet, is required for long holdover storage in the 1nterest of
water.. conservation. Although empty space in the reservoir frequently
1s. Bufficient to catch and store all floodwaters from the drainage
area above the dam, the availability of such space cannot be depended
_upon for flood:control because the methéd of operation is designed
primarily to conserve water. J9an Carlos Reservoir is ébove the ‘mouth
of the San Pedro River and therefore has no effect on floods that"
originate on that stream.
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.' - 'SECTION IX - IMPROVEMF‘NTS DESTRID

N\ >

33. PUBLIC HEmRING

Two public hearings were held jointly: by ‘the’ Department of the
“Army and the Department of AgFiculture to determine the deésires of
local interests concerning flood control along the Gila River from.
Camelsbaek Reservoir site to the Salt River. They were attended by
. 270" persons, including representatlves of various agencies of ‘the
Federal Government, officials of the State of Arizona and its polit-
~ _ical subdivisions, representatives of local eivic organizations, -
and interested private citizens. The meetings were held at Safford,
Ariz,, end Phoenix, Ariz., on September 29, 1937, and Octdbar 20,
1938 respectlvely. :

3h IMPROVEMENTS DESIRED BY LOCAL INTERESTS

The public hearlngs and subsequent contact with local 1nterasts
diselosed ‘that local interests desire construction of (a) a dam at
‘or near the Camelsback site on the Gila River upstream from Coolidge
Dam, (b) & dam downstream from Coolidge Dam either at the Buttes site
on the Gila River or on the San Pedro River near its mouth, and (¢)
channel 1mprovements extending from a dam at or near ‘the Gamelsback
site to’ the Ashurst-Hayden dlversion dam,

() 5 HEASONS ADVANCED B JUSTIFICATION OF IMPROVEMENTS DESIRED |

The prlnclpal development above Coolldge Dam is in Safford

"Valley, where a total of about 32,500 acres of land has been reclaimed

by irrigation. - These lands, whlch are marginal to the Gila River,
.are to'a great extent subject to flood damage due to bank erosion

and overflow, Since the beginning of irrigation in this valley in

1872, progressive erosion of stresmbanks has destroyed more than -

10,000 acres of arable land. Local interests also point out that

1arge water losses occur &5 a result of the infestation of phreato—

phytes along the channel of the Glla River.

Floodwaters downstream from Coolldge Dam cause damage to agri-
- eultural lahds, irrigation works, and other improvements in the San
Carlos project area. The silt-laden floodwaters of the San Pedro
River commingle with the waters of the Gila River., A part of this
flow is later diverted into the irrigation canals leading to the
San Carlos irrigation ¥roject and a part is wasted downstream. The
811t causes great damage to crops., A severe shortage of water exists
in “the San Carlos project area, No stordge exists to control and
regulate summer floods occurring on the San Pedro Rlver. Local
interests in the San Carlos project area stress the ne09531ty for
optimum control and utilization of the flow in the San Pedro and
Gila Rivers. They therefore desire a multiple~purpose reservoir -
either on the Gila River upstream from the Ashurstuﬂayden diver81on
'. ' dam or on -the San Pedro River. :
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SECTION X ~ FLOOD PROBLEMS AND-RELATED PROBLEMS
36, FLOOD PROBLEMS

Floods along the Gila River cause recurrent.damage of major
proportions by eroding farmlands, cutting streambanks, and changing
the shape and location of chamnelsj overflowing stream channels and
causing inundation of farmlandg; and damaging and destroying irriga-
tion, communication, and transportation facilities., -In Safford:
Valley, about 12,800 acres of intensively developed irrlgated farm-
land (about 4O percent of the total cultivated acreage in the valley)
are subject to overflow and damege,. Below. Coolidge .Dam and upstream
* from the Salt River, about 50 percent cf ‘the area cultivated in 1955
is subject to damage. Coae © o _“4{____ o

,."Flobdwaters of ‘the tributary:streamsrare heavily laden with
gilt eroded from the land surface and scoured from the channels..
During summer floods on the tributaries, when the Gila River is not
usually -in flood, the force of the peak flows from.the side “treams
is dissipated rapidly in the main channel and much of the silt load
is deposited, causing divided channels and meandering flow in the
Gila River., Because depositing the silt load reduces the chamnel
capacity - and because the subsequent growth of vegetation in the
~ deposited material increases its resistance to scour, small flash-
l‘floods may, overflow the banks before degrading the streambed.‘,

A coﬁbinatlon of a comparatively dry river channel and a high
water table in parts of Safford Valley has resulted in an infesta-
‘tion of water-loving plants (phreatophytes) that have achieved almost
maximum density in many locations., With the channel thus .choked;-

its capacity is seriously reduced and the occurrence of even & small
flood along the Gila River could result in serious damage ‘o the
agricultural area in Safford Valley.. : .

37. WATER;GCNSERVATION PROBLEMS

. Flood problems along the Gila River are related clesely to the
preblems of water conservation and water utilization. : Because of
the flaghy nature of the streamflow and the high sediment content
of floodwaters, utilization of the runoff is incomplete, That pro-
portion of the water resources of the area that can be utilized
effectively under present condltions closely governs values of lands
and improvements and limits the area under cultivation, Because.
water is a vital factor in the ‘econcmy of the area, meximum utiliza-
tion of the available water supply is essential, Control of the
Gila River to prevent flood damage should. be accompanied by- conserva-
tion for later beneficial use of as much 4as possible of the flood-

. waters,

 The Gila River i_s a -violently fmct}ﬁaiing istréé.m whose flow
is not by nature adapted to the seasonal demands of irrigation. .
Since 191, the amnual discharge at the head of Safford Valley
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has ranged from abou‘b 73,000 acre-feet in 1951 ’co about 1, 600 ooo
acre-feet in 1915, with monthly variations of proportlonal magnau
tude, The' greater part of the annual flow occurs in w1nter, whenl
the irrigation demand is least; in summer, when the- demand is:
greatest, the flow 1s deficient.,

Except for the year: 19&9, streamflow along tHe'Gila River has

' been below average since 1941, Since September 1945, San Carlos

Reservoir, which has a capacity of about 1,200 000 acresfeet, has
been practically empty (below 50,000 acre-feets except for brief
periods. in 1949,-1950, 1952;: and 1954=57;- inclusive, : In December

m*1957, the water stored in the reserVOir was about 70 000 acre—feet.

As dlscussed under the previous heading "Water nghts " dlvern

.¢sions in Safford Valley are dependent to some extent upon the .
-+ quantity of water stored in San Carlos Reservoir. ‘Consequently,

landowmers both upstream and downstream from Coolidge Dam have an

‘interest in having as-much floodflow: as p0531b1e reach San Carlos

Reservoir.

‘Under present condltlons, phreatophytic growth withln the
channel of the Gila River transpires tremendous amounts of water

- annually, ‘Saltcedar, mesquite, arrowweed, and baccharis are the 1

principal phreatophytes in the rnver-channel area, According to"
the Bureau of Reclamation, the:net annual use of water per acré
for- saltcedar (which comprises over 80 percent of the: growth to be
cleared), assuming 100 percent density, amounts to 6,6 acre-feet =~
nearly twice the annual water use (about 3.5 acre—feet) for culti-
vated crops, The average annual transpiration by phreatophytes in
the channel of the Gila River from the upper end of Safford Valley
to San Carleos Reservoir and from the mouth of the San Pedro River
to Buttes Reservoir site is estimated by the Bureau, after consider-
ing the areal and vertical densities of the various phreatophytes
in the channel area, at about 48,000 acre-feet. (See Appendix 3:
Water salvage and benefits, channel clearing - Glla River, Safford-
San Carlos Coordinated Investigations.) Such consumptive water use
reduces the amount of water available for diversion.

\

Safe~draft studies of San Carlos Reservoir indicate tha& the
exigting storage capacity is ample for maximum feasible comservation
and regulation of the total inflow. However, the flow of the San
Pedro River, which enters the Gila River dowmstream from Coolidge
Dam and upstream from the Ashurst-Hayden diversion dam, is not regu-
lated and much of the floodflow is wasted or inefficiently utilized.
The irrigated and irrigable acreage in the San Carlos project is much
greater than the area that can be irrigated by the controlled surface-
water supply. The surface~water supply is supplemented by pumping
from wells, but the conbined surface and ground-water supply has
never been sufficlent to irrigate all project lands, and those lands
that have been irrigated have seldom received a full supply of water.
The maximum acreage ever irrigated was about 80 percent of the total
project lands, and in recent years the irrigated acreage has averaged
only 55 percent of the project area.
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38. SEDIMENT FROBLEMS

Deposition of sediment in San Carlos Reservoir is decreasing
the water-storage capaclty., Because the reserveir was completed at
the begimning of a long dry period and hag never been filled, the
decrease.in net capacity has had no effect.on the yield from the
reservoir up to the present time. Over a long period, however, a’
reduction of the average annual yleld of water for irrigation of '
the San Carlos project will result and, unless preventive measures
are taken, sedimentation of the reservoir will shorten ita useful
life. : ’

In many plaCeS'upstream frof the:mouth of the Salt River,‘silt
is. deposited on agricultural lands directly by flocdwaters or by
water. diverted from streams for irrigation, -Generally, in the
valleys above Coolidge Dam, surplus winter streamflow is used to
flush the silt from the canals; but, in the San Carlos. project, no
surplus flow is available for that purposa. Silt from the San Pedro
River is deposited in the irrigation canals and laterals throughout
the San Carlos project., Silt deposited by irrigation water on the
cultivated land causes the surface of the flelds to be uneven, lowers
the permeability of certain types of soil, reduces crop yleld, -increases
irrigation costs, and thus reduces farm revenues. Hemoving the silt
from the ditches, and releveling and reclaiming the land are expensive
operations,

39. ME’I‘HS oF mPROVEMENT CONSIDERED

Maximum utilization of the water ‘regources of the Oila River
above ‘the -Salt River requires coordinated development for flood
control, water conservation, and sediment control, The control of
floods by flood-control reservoirs, multiple-purpose reservoirs,
and channel improvements was considered. Detailed consideration
in +this. report is limited to channel irprovements. -




~ SECTION XT - PLANS OF IMPROVEMENT CONSIDERED
10, +PLANS GONS IDERED | |

The plan of improvement presented in detail in this report was
developed as: part of a’comprehensive plan (a) to control the flood-
waters:of the Gila and San“Pedro Rivers, (b) to salvage as much of
those floodwaters as practicable for-utilization by irrigation :
interests, and (c¢) to reduce the seédiment deposition in San Carlos
Regservoir and on the lands of the San Carlos projeet, ‘The plan of
development is the result of a joint investigation by the Corps of

<+ Engineers and the Bureau of Reclamation. ‘The Corps of Engineers is
. primarily responsible for the formulation of and the design of the

channel improvements and Earven Reservoir. On the other hand, the
Bureau of Reclamation is primarily responsible for the formulation
of and design of Buttes Reservolr and appurtenances. . .

}1.. COMPREHENSIVE PLAN OF TMPROVEMENT

To provide optimum usé of water vedources in the drainage area

of the Gila River between Camelsback Reservoir site 'and the mouth of

the Salt ‘River, consideration was given to a comprehensive plan of
improvement providing for: (a) A flood~control reservoir at the
Earven.site on the Gile River -at river mile 439; (b) channel improve-
ments congisting of chennel clearing along the Gila River between

(1) the upper end.of Safford Valley (river mile L35) -and the San
.Carlos Reservoir (river mile 357) and (2) the mouth :of the San Pedro

River (river mile 319) to the upper end of Buttes Reservoir site

~ (river mile 303); and (c) a multiple-purpose reservoir at the Buttes

site (river mile 287). A reservoir at the Farven site with suffi-
cient icapaeity to control a standard project flood would increase

. flood stages :In the city of Clifton, Ariz. Therefore, consideration

will be given to a reservoir providing partial control for Safford

. Valley. Clearing the channel from the upper end of Safford Valléy

to the Buttes Reservoir site would result in partial protection to
lands and improvements in Safford Valley and in the San Carlos Indian

Reservation upstream from Coolidge Dam and would reduce the non-

beneficial use of water by phreatophytes in the channel area, Buttes
Reservolr would provide for the conservation of the floodflows
originating downstream from Coolidge Dam, The reservoir would provide
flood and sediment control and water conservation,

2. PLAN OF IMPROVEMENT CONSIDERED IN THIS REPCRT

Studies on the comprehensive plan indicate that the channel
improvements can be constructed, at this time, as an economically
feasible unit under that plan, Construction of the channel improve-
ments is not dependent upon the other units considered, As a result,
detailed consideration is limited in this report to channel improve-
ments only. The Bureau of Heclamation, with the cooperation of the
Corps of FEngineers, is studying Buttes Reservoir and is acheduled to
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complete a feasibility report of that reservoir in sbout 1 year,
The Corps will give further consideration to the Earven Reservoir
under the outstanding authority for a comprehensive study of the
(tile River Basin,

Channel improvements along the Gila River would consist of a
cleared floodway for about 9} miles from the upper end of Safford
-Valley to San Carlos Reservoir and from the mouth of the San Pedro
River to the Buttes Reservoir site, The Gila River channel from
Coolidge Dam to the mouth of the San Pedro River is narrow and is
limited by rock formations, Practically no phreatophytic vegetation
is in this reach of the river, Saltcedar and other vegetative growth
within the proposed cleared area (about 1k,300 acres) would be cleared
by mechanical means, The area to be cleared would have a maximum
width of about 5,000 feet and an average width of about 2,500 feet.
A fringe area, with a width of 50 feet adjacent to the bank, would
be left untouched to prevent bank erosion, Aerial maps, plates 2
to 10, indicate the location and extent of the channel clearing under
the recommended plan,

Consideration was given to an excavated and leveed channel that
could convey flood releases of 5,000 cubic feet per second from
Farven Dam site to Buttes Reserveir., Such a channel was estimated
to cost about $,000,000, However, studies indicate (a) that such
a channel would be economically infeasible to maintain and (b) that
no appreciable savings of water would result from this construction.
Therefore, no further consideration was given to inclusion of an exca-
vated or leveed channel in the area under consideration, ’
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: SEC'I'ION xrr - ESTIMATES OF FIRST (COST AND ANNUAL CHARGEQ b
43, ESTmATEs OF FIRST GOST

The estimated first cost for the improvements considered in -
detail in. this report comprises expenditures for clearing the river~
bottom growth and for rights-of-way. WNo appreciable costs are
involved. for relocation of roads, bridges, or utilities., ZEstimates
of cost are based on price levels for December 1957.: Allowances are
made for engmneering, overhead, “inspection, - and contingencies,

Three methods of destroying phreatophytes, prineipally saltcedar,
were considered: (a) Burning, (b) chemical treatment, and (¢) mechani-
cal means. (See Appendix 1: Bases for design and cost estimates,)-
Numerous experiments are being conducted by Federal, state, and local
groups on these means of eradication, but no final conclusions have
been reached. Information to date indicates that burning and chemical
treatment are not completely effective and would still reouire mechani~
cal means of clearing the floodway. Therefore, for the purpose of
preparing an adequate cost estimate, destruction of phreatophytes by
mechanical means was assumed, Material would be removed from the area
by burning or other adequate means of disposal.

The first oost of the proposed channel clearing, based on .
December 1957 prices, is estimated at $1,770,000, of whi.ch $1,570,000
is for comstruction and $200, 000 is for rlghts—of—way. Details of
the estimated first cost of the recommended plan are. glven ln
appendix 1. :

Lk, ESTIMATES OF AVNUAL CHARGES - | - o )

The estimate of annual charges for the plan of improvement con-
sidered in this report includes interest on the total investment,
amortization of the total investment in 50 years, and average annual
costs of maintenance and operation. Maintenance and operation charges
for the above plan of improvement are estimated at $50,000 annually,
(See appendix 1l.) The construction period for the channel improve~
ments is estimated at one calendar year; therefore, interest during
congtruction would not be charged against that part of the plan,

The construction cost of the chammel improvements would be borne
by the United States, but repsyments would be reguired from water-
conservation Interests for that part of the cost allocated to water
conservation. The cost of lands, casements, and rights-of-way, and
the cost of maintenance and operation would be borne by local interests.
EBgtimates of the first cost and annual charges for the recommended
plan are given in the following table:
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Estimated first cost and annual charges, channel clearmg, G:Lla .

River, upper end of Saiford valley Lo Buttes Beservoir site
{based on prices Tor DEcem’Eer IFSAFJ

a. Fedaral flrst cost and investment: e
(L) Cost of clearing channel............. $1g570g000

b Federal annual chargesz ' '
(1) Interest and amortization in
50 years at 2,5 percent,

: A 003526 tmes ltem a'.............. 55!000
’*(2) Total Federal annual charges.... 55,000

Cy Non~Federal first cost and investment: . :
(1) nghts—of-way...........-.cl.....f.i- - 200’000

d. Non-Federal annual charges:
(L) Interest and amortization in-
. 50 years at 2.5 percent,

0 03526 timeS item C;--angn-}{Loc;c ?,000
(2) Maintenance and operalion : ‘

(average annual}yus.veeerersoecnnss 50,000 -
(3) . Total non-Federal annual . o -

| charges..................f.... 57}000 .
8., Total annual charges: ‘ :

(l) FBdBraloo-........a.3;u;--.-.-..--... ’ 55’000
(2) Non-Federal--a...-.o;------..-.---... B ) 57,000 s
(3) Total annual charges...;;......ij' ' 112,000
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| SBOTION XIIT - ESTIMATES OF BENEFITS
LS. TANGIBLE BENEFITS

_ Tangible benefits frcm plans of improvement con51dered in this
report would résult from (a) prevention of direct and indirect flood
damages and (b) conservation of water.for irrigation use., No appre-
ciable tangible benefits from an 4increased ubtilization of land would
result ‘from the improvements considered. The. shortage of water in
the areas under consideration would prevent an appreclable 1ncreased
utilization of property. ‘

h6 BENFFITS FROM FLOOD CONTROL

Clearing of thé Gila River channel would effect partial flood
control by increasing channel capacities with attendant lowering of

- the water-gurface elevations of future floods and with resultant

reduction in the extent of the flooded areas. Primary flood-control

‘benefits.from chamnel clearing were obtained by determining the

difference between those primary flood damages (direct and indirect)
that would occur if the considered improvements were not provided

and those primary flood damages that would result even after con-
struction of the improvements, Total average annual primary flood
damages ‘along the Gila River from the upper end of Safford Valley

to San.Carlos Reservoir would be reduced from $337,000 to $2145,000,
Average annual ‘primary flood-control benefits from channel clearing
would ‘therefore amount to $92,000, More detailed information regard-
ing the determination of flood-control benefits is given in appendlx 2

h?. BENEFITS FROM'WATER CONSERVATION

Eradication of the phreatOphytes in the Glla River channel would
result in the salvage of some of the water presently consumed by the
river growth. The Bureau of Reclamation estimates that the net
increase of water to the farmers resulting from clearing the Gila
River channel. from the upper end of Safford Valley to the Buttes
Reservoir site would amount to 19,800 acre~feet annually, (See
Appendix 3: Water salvage and benefits, channel clearing - Gila

" River, Safford-San Carlos Coordinated Investigations,)

The Bureau of Reclamation has estimated the irrigation benefits
on the basis of those increases in net income that would result from
project development., Tt was assumed, for purposes of this study, °
that the conserved water would be used to irrigate additional land
within the confines of existing farms. The direct irrigation benefits
as defined by the Bureau were measured by the increased net income
to the project farmers. . The indirect benefits from irrigation as
defined by the Bureau represent the increase in net income to the
off-farm handlers and processors of the increased production. Average
annual water-conservation benefits were estimated by the Bureau at
$232,000 direct (primary) benefits and %?lh,OOO indirect (secordary)
benefits, for a total of $946,000,
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The conserved water would not be physically separable from the
natural flow in the stream and would not be delivered to any indi-
vidual, group, or irrigation district. The river growth upstream
from Coolidge Dam reduces the inflow into San Carlos Reservoiyr and
somewhat reduces the amount of water available for diversion in
Safford Valley, Phreatophytes downstream from Coolidge Dam reduce
the amount of water available for diversion at Ashurst-Haydeg Dam,
Uhder the Gila Decree (see previous paragraph on "Waterdﬂlghyé"),
to some extent upon the quantity of water stored in San Carloé

Reservoir upstream from Coolidge Dam. The Gila Decree affects
* lands' in Virden Valley ih New 'Mexico and Duncan and Safford Valleys.
in Arizona. Downstream from Coolidge Dam, the decree affects lands
in the vicinity of Winkelmen, Ariz., and in the San Carlos project,
which comprises both Indian and non-Indian lands,

LB, INTANGIBLE BENEFITS

Many benefits not susceptible of monetary evaluation, but
nevertheless of importance, would accrue from the improvements
considered in this report. Partial control of the floods would
lessen the interference by floods with normal home and social life
and agricultural activities, and might effect a savings in life.
Intangible beneflts from water conservation would include partial -
stabilization of property values by reducing the water shortages
in the area. The proposed improvement would help to reduce agri-
cultural retrenchment due to depletion of the water resources.

.?t9- SUMMARY. OF BENEFIIS

The estimated average annual beneflts that would accrue from
_the construction of channel improvements along the Gils River from
the upper end of Safford Valley to the Buttes Reservoir site are-

summarized in the following table:
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Estimated average anmmal benefits from channel improvements: ‘along
T Gila. River from the upper end of Safford Valley to Buttes Reser-
voir site, Arizona

Type of benefit = : - Amount

Flood"control benefitﬂ.........‘o-.o'.'...--..-" ---5 ; . 392,000
Water;cohservatlon benefits: - R
Primry benefltse‘.. L3 I B B Y ] ' EIC R N R NI B B AN I . 8 h e : . ’ 232 OOO

Total including secomlary .. eeveereesssan? (9h6 000)
o Total benefits, considering primary e o -
beneﬁts only‘%HH%cbll'.al..l.".lv‘..g 32,.',’000

Total benefits, including secordary :
benefi‘bseﬁ%"."-'.'d'l.l._....‘..-...: N 1,038,000

-
.

# Direct water~conservation benefits as defined by the Bureau
of Reclamation are considered to be primary benefits.

##% Indirect water-conservation benefits as defined by the
Bureau of Reclamation are considered to be secondary benefits,

¢ Primary benefits include primary benefits as defined by the
Corps of Engineers and direct benefits as defined by the Bureau
of Reclamation. _
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SECTION. XIV - ECONOMIC JUSTIFICATION
50, . COMPARISON OF BENEFITS AND COSTS.

The recommended plan of improvement provides for channel clear-
ing along the Gila River from the upper end of Safford Valley to the
Buttes Reservoir site. The first cost of the improvement is esti-
mated at $1,770,000 (December 1957), and the average anmmual charges
$112,000. The total average annual primary benefits are estimated
at $32u,000, ineluding $92,000 for flood control and $232,000 for
water conservation. The ratio of average annual primary benefits
to average annual costs would be 2,9 to 1. : If consideration is
given to the secordary water-conservation benefits, the total
annual benefits would amount to $1,038,000, and the benefit-cost
ratio would equal G. 3 to 1, Accordingly, the improvements are
Justified. _
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“SECTION XV - ALLOCATION AND APPORTTONMENT OF c0815:
51 ALLOCATION OF GOSTS * * =+ et

The separable costs-remaining benefits method was used in

" arpiving at an equitable distribution of costs between flood

control ‘and water conservationi The following teble summarizes
the results of :using:'the-above method-in the allocation of first

- ¢ogts  for the Pecomménded plan of improvement to ‘flood control and

water condervation., A more detailed development of the method of
allocation of costs is given in Appendix liz :Allocation of ‘costs,

Allocation of first costs, channel clearing along Gila River:from
_ the upper end of Safford Valley to Buttes Heservoir site

 F1ood.: f Waéérr :., Tééai‘.

Itenm : .
RETERE contrel , conservation

.
*

Firat cost:

“v . sa oh s fer ek ax
4y 40 % Fus o

““Cotistriction.,....,: $708,000 :  -%$862,000" $1,570,000
Total.........t 798,000 ¢ 972,000 : 1,770,000

[ I ' Dos | . [
. + *

- Allocation of construction costs to water'consefvation'amOunts

to Sh.? percent of total construction\cost.

2. APPORTIONMENT oF GOSTS

In accordance with the general pollcies expressed in. acts of

Congress, thé cost of construction items allocated to flood control

would be borne by the United States; and the cost of all lands,
easements, and rights-of-way,and the cost of all maintenance and

" opération would be borne by local interests. e

Reclamation 1aw permlts local interests to repay, in hO years
without interest, that part of the first cost of reclamation proj-
ects allocated to water conservation. Although this project would
be authorized as a flood-control project, local interests should
be permitted to avail themselves of interest-free repayments in .
reimbursing the United States for the portion of the cost allocated
to water conservation,

The recommended channel improvement would be constructed by
the United States at an estimated total first cost of $1,570,000
based on prices prevalllng in December 1957, subject to relmburse-
ment by local interests, in consideration of water-conservation
benefits, of 5hL.9 percent of the total construction cost in Lo
equal annual payments without interest. On the basis of



December 1957 prices, the estimated amount of $862,000 would be
repaid in }0 equal annual payments of $21,550, The allocations and
repayments would be adjusted on the basis of actual construction
costs,

On the foregoing basia, 1ocal 1nterests would (a) provide all
lands, easements, and rights-of-way; (b) meintain and operate the
entire project at local expense after completion; and.(c) reimburse
- the United States in L0. equal ennual payments, withonut interest,

for that part of the project constructlon cost that is allocated to
. water conservation. :

. 53. PROPOSED LOCAL”COOPERATION A _ ,
As 8 requisite to construction of the recommanded plan by the
‘ United States, responsible 1oca1 intarests wculd be required +to:

a. Provide necessary 1ands easements, and rights-of-way at a
cost estimated at $200,000 (December 1997),

s b, Mhintain and operate ‘the channel improvements in accordance
with Tegulations to be. prescribed by the Secretary of the Army at an
average annual cost estimated at $50 0003

... & Keep the flood channel of the ‘Gila River from the upper end
" of Safford Valley to San Carlos Reservoir and from the mouth of the
San Pedro River to Buttes Reservoir site free from encrcachment;

o+ 'ds In consideration of the water-conservation benefits, reim.
burse the United States an amount, allocated to water conservation,
equal to 54.9 percent of the total construction ¢ost in LO equal

" annual payments, without interest, On the basie ofpresent prices,

- the estimated amount of $862,000 would be repaid in LO equal amual
_ . payments of $21,550,. The allocations and repayments would b adjusted

on the basis of actual construdtion costs;

e. Hold and save. the United States free frcm any damages ariging
from Construction and operation of the work; and - :

e f. Ad;ust all water-righta claims resulting from construction,
\operation, and mamntenance of the improvéménts. e
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!_ (] SECTION XVI - COORDINATION WITH OTHER FEDERAL AGENCIES
5L, ASSURANGES OF LOCAL COOPERATION

A jpublic meeting was held in Phoenix, Ariz., on December 18,
1957, for the purpose of acquainting local interests with the find-
ings of the investigation and survey and to indicate the require-
ments of local cooperation as a requisite to construction of the.

: proposed project., Resolutions regarding local cooperation have

é S ~_ been received from the San Carlos Irrigation and Drainage District,
representing interests downstream from Coolidge Dam, and from Gila
Valley Irrigation District, representing interests in Safford Valley
upstream from Coolidge Dam. {See Appendix 5: Resolutions by local
interests,) The San Carlos Irrigation and Drainage District agreed,
in its resolution, to {a) assume joint sponsorship of the recommended
project with other appropriate agencies and (b) attempt to-arrive

at an equitable distribution between the respective local agencies
of those costs and items that are the cbligation of local interests.
The Gila Valley Irrigation District agreed in its resolution to the
same items as indicated above, but made such agreement conditional,
tentative, and dependent upon an overall project that ‘would include
the construction of a dam.upstream from Safford. Valley and in the
vicinity of the Camelsback Dam site,

55. COORDINATION WITH OTHER FEDERAL AGENCIES

As indicated under a preceding heading, "Scope," this survey
is the result of a coordinated 1nvest1gation with the Bureau of
Reclamation, Gomplete agreement was reached on all items that were
the mutual concern of the two agencies, Division of work was accom-
plished to utilize the respective skills and backgrounds of the two
-agencies in the fields of water conservation and flood control.

; Plans for the recommended improvement do not confllct with plans
% of other Federal or non-Federal agencies, - _




SECTION XVIT - SUMMARY @
56, DISCUSSION

. The Gila River Basin, the largest drainage area tributary to

-.lower Colorado River, comprises sbout 58,200 square miles, mos tly

in Arizona and New Mexico, That part of the (Gila River Basin that

is under consideration in this report comprises the Gila River Valley

from the upper end of Safford Valley to the mouth of Salt River,

The drainage area of the Gila River.near the upper end of the Safford

Valley amounts to 7,900 square miles and the drainage area of the

‘(H1a River above the mouth of the Salt River amounts to 29 300
square miles,

. Floods along the Gila'River in the erea under consideration
cause recurrent damage of major proportione.. Upstream from San”
Carlos Reservoir, about’ 12 800 acres of intensively developed irri-
- gated farmland (about, LO percent -of the total cultivated acreage
in the area) are subjéct to overflow and damage. A combination of
a comparatively dry river chamnel and a high water table in parts
of Safford Valley has resulted in an infestation of water-loving
plants (phreatophytee) that have achieved almost maximum density
in meny locations, With the channel thus choked, its capacity is

seriously reduced and the occurrence of even a emall flood along N
the Gila River could result in serious damage to the agricultural {3 .

area.ﬂ‘.

- Flood ‘problems along the Gila River are related cloeely to’
the problems of water conservation and utilization. Urder present
conditions, phreastophytic growth within the channel area of the, .
Gila River transpires tremendous amounts of water annually, The’
net annual use of water per acre for saltcedar (one of the, -grineipal
phreatophytes), assuming 100 percent density, amounts” to 6,6 acre-
feet -~ nearly twice the annual water use of cultivated crops, The
average annual transplratlon by phreatophytes in the chapnel of the
Gila River from the upper end of Safford Valley to San Carlos
Regervoir and from the mouth of the San Pedro River to Bhttea

VReservoir site is estimated at. about 118,000 acre-feet. Suoh use
reduces the amount of water avallable for diversion,, 0 .ﬁ:.”;

* The plan of improvement preeented in detail in this report
was developed as part of "a comprehensive plan to provide optimum
use of water resources in the area. The comprehensive plan con-
sidered provides for (a) a flood-control reservoir at the Earven
site, (bg cHannel improvements consisting of channel clearing along
the Gila River from the upper end of Safford Valley to the Buttes
Reservoir site, and (¢) a multiple-purpose reservoir at the Buttes
site, Detailed consideration is limited in this report to channel
improvements only because (a) construction of the channel improvew
ments are not dependent upon the other units considered, (b) com-
pleted studies on thess channel improvements indicate that the
improvements are well justified, and (c) studies of the other units .
of the comprehensive plan are not complete,
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: . ' The recommended plan provides for a cleared floodway for about
- . 94 miles along the Gila River from the upper end of Safford Valley
to San Carlos Reservoir and from the mouth of the San Pedro River
to the Buttes Reservoir site, Saltcedar and other vegetative
cgrowth within the proposed ¢leared area (about lh 300 acres) would
be cleared by mechanical means. ‘

The total first .cost of the recommended plan is estimated at
$1,770,000 (December 1957). Annual charges for maintenance and
operation are estimated at $50,000, The total anmual charges under
the recommended plan would be $112,000,

Clearing the Gila Rlver channel would effect partlal flood
control by increasing channel capacities with attendant lowering of
 the water-surface elevations of future floods and with resultant =
. reduction in the extent of the flooded areas. In addition, eradi-
cation of the phreatophytes would result in the salvage of some of
the water presently consumed by the river growth. The Bureau of
Reclamation estimates that the net increase of water: to the farmers
resulting from the proposed clearing would amount to 19,800 acre~
feet annually. _
.
For the recommended plan, the average annual primary benefits
' from flood control are estimated at $92,000 and the average annual
_ primary benefits from water conservatlon at $232,000. The total
. ‘ average annual primary benefits, therefore, would be $324,000, The
resultant benefit-cost ratio, considering primary benefits only,
would be 2,9 to 1. If consideration is given to secondary water-
congervation benefits, the total amnual benefits would amount to
'$1,038 000, and the benefit-cost ratio would equal 9 3 to 1. The
. project is Justlfied by a substantial margin, - o
\
‘ Allocation of costs between flood control and water conserva-
/ tien was artived at by use of the separable costs-remaining benefits
\method. Costs of the recommended plan allocated to flood ¢ontrol
and water congervation were further apportioned in accordance with
exigbing policy. Under this apportionment, local drterests would -
repay to the United States 51,9 percent of the totdl construction
cogt in L0 equal annual payments without interest, Based on the
present (December 1957) -estimated construction cost for the project
of $1,570,000, the total local reimbursement, in comsideration of
water-congervation benefits, would amount to $862 000, and the annual
payments by local interests for the. jO-year perici would amount to
$21,550. The amount of local reinbursement would be adjusted on- the.
basis of actual construction costs, In addition to suc 4annua1 pay=-
ments, local interests, at their own expense, would (a) previde all
lands, easements, and rights-of-way at a cost estimated at \$200,000
(December . 1957); and {b) maintain and operate the completed
at an average anmual cost estimated at $50,000.
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57. CONCLUSIONS
The district. engineer ‘concludes: that :

&. Arilood pmdblem ex1ete along the Gila River from the upper
end of Safford Valley to the mouth of Salt River.,

b, The water supply available for utilization is not adequate
to satisfy the irrigation needs of the area.

J,c. River-bottom growth along the Gila River is a major flood
menace and transpires large amounts of water annually. Lo

d. Inveetigationa to date indicate that the plan for the develop-
ment of water resources of the area would include (1) a flood-control
reservoir at the Earven site, (2) channel improvements congisting of
channel clearing along the Gila River from the upper ernd of Safford
Valley. to San Carlos Reservoir and from the mouth of the San Pedro
River to the Buttes Reservoir site, and (3) a multiple-purpose reser-
voir at the Buttee site,

e; The channel nnprovements are not dependent upon construction
of the other units of the comprehensive plan. -

f. Partial protection to mostly agricultural areas along the
Gila River from the upper end of Safford Valley to San.Carlos Reser-
voir can be provided by a cleared floodway.

5. . The proposed channel clearing would result in a net increase
to the farmer of 19,800 acre-feet annually. To assure.this saving,
adequate maintenance would be required. o

_ p. In consideration of the water~conservation. beneflts that
would result from construction of the reeommended project, local
interests should be required to_re rse the United States for that
part of the project const on cost allocated to water conservation,
and such reimbursement ghould be made in hO equal annual payments
without interest. //' S

i. The total first cost of the proposed improvement would be
$1,770,000 (December 1957), and the total annual charges would be
$112 000, The average annual tangible benefits, considering only
primary benefits, from construction of the improvement would be
$32L, 000,

J.  The ratio af tangible primary benefits to cost would be.
2,9 to 1., The recommended project is feasible from an engineering
standpoint and is well. juatified by the tangible benefits alone.
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58, RECOMMENDATIONS

The district engineer recommends that construetion of channel
improvements, consisting of a cleared floodway along the Gila River
from the upper end of Safford Valley to San Carlos Reservoir and
from the mouth of the San Pedro River to the Buttes Reservoir site,
be authorized at a Federal first cost estimated at $1,570,000
(December 1957), subject to the condition that local interests
furnish assurances satisfactory to the Secretary of the Army that
they will (a2) provide necessary lands, easements, and rights-of-way;
(b) maintain and operate the channel improvements in accordance with
regulations to be prescribed by the Secretary of the Army at an
average annual cost estimated at $50,000; (c) keep the flood channel
of the Gila River from the upper emd of Safford Valley to San Carlos
Reservoir and from the mouth of the San Pedro River to Buttes Reser-
voir site free from encroachment; (d) repay to the United States
51,9 percent of the total construction cost in U0 equal annual pay-
ments without interest (the exact amount of the annual payments,
presently estimated at $21,550, to be adjusted on the hasis of actual
costs of constructing the project - annual vayments to be made to
the Secretary of the Interior, who, in turn, shall deposit such funds
in the Treasury of the United States as miscellaneous receipts);

(e) hold and save the United States free from 21l damages arising
from construction and operation of the work; and (f) adjust all
water-rights claims resulting from construction, operation, and

’ o maintenance of the improvements.
o = . ’ {. g \ “ .—-
. . -__,_,-a""é:f' / - / e i
5 Appendixes C. T. NEWTON

Colonel, Corps of Engineers
District Engineer

(See table of contents)
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- 3, GENERAL

BASES ' FOR DESIGN AND COST ESTIMATES

GILA RIVER, CAMELSBACK RESERVOIR SITE TO SALT RIVER, ARIZ. - -

SECTTON I - INTRODUCTION =~ -

L. SCOPE : L_.. S A ) .

| This append1x was . prepared to present the engineerlng aSpects and
the estimated construction and maintenance costs of channel clearing
along the Gila River from the upper end of Safford Valley to the Buttes

Reservoir site, Arizona.

2.. LocATloN AND,DESCRIPTION _—

~The; 1ocatlon of the: 1mprovements is along the Glla Rlver channel

%‘1n the vicinity- of Safford and Kelvin, Ariz. (see pls. 1 to 10,

1nclusive, of the main report). The improvements, which would be "

- easily accessible via county roads:and highways, would comprise- channe]‘
-¢learing in two reaches of the river. The first reach, about. 78 miles
long, would extend downstream from the upstream end of Safford. Valley

to- the .mouth of the San Carlos River, in the San Carlos Reservoir. =
The second reach, about 16 miles long, would extend downstream froin
the . mouth of the San:Pedro:RiYer to Kelvin, at the upper end of the
Buttes Reservoir site,. . The width of the channel clearing would be very

, irregular, -

© SECTION 11 - BASES FOR DESTON

o The. work would be l;m;ted to. clearlng debrls, phreatophytes, and

':bthér brush from the channel floodway and from adjacent phreatophybe=

infested lowlands., A fringe about 50 feet wide of brush and saltcedar
would be left standing on each side of the clearing t¢ retard riverbank
ergsion.. A minimum amount of grading would be donme within the cleared

waraa 50 that. annual maintenance could be accomplished with tractor-

drawn equipment., Important features of the proposed 1mprovement are’

~ discussed in the follow1ng paragraphs.

b PHREATOPHYTE PROBLEM

Phreatophytes, 1noluding saltcedar, grow profusely in and along the
Glla River channel between the .Brown canal heading (see pl.-2) and the
mouth of the San Carlos River (see pl. 7) and betweeh the mouth of the
* San Pedro River near Winkelman (see pl. 9) and the upstream end of the
Buttes Reservoir site near Xelvin (see pl. 9). The sdltcedar produces
an enormous number of seeds that germinate readily and grow rapidly
whenever sufficient moisture is available. Phreatophytes, especially




saltcedar, thrlve whenever the water table is within about 10 feet of
the ground surface,

During the analysis of densities of growth within the propOSed
clearing, as observed on the aerial mosaics, the work was divided into
areas of dense growth (80 to 100 percent of maximum density) and areas
of sparse growth (under 80 percent of maximum density).- The number of
acres in these categories is estimated at 7,665 acres of dense growth
and 6,620 acres of sparse growth. The total of 14,285 acres differs
somewhat from the total (13,840 acres) given in Appandlx 3: Water
Salvage and benefits, cdhamnel clearing - Gila River, Safford-San Carlos
Coordinated Investigations, Additional small areas not considered in
the United States 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 in
use: (a) Burning, (b) chemical treatment, and (¢) mechanical treatment,
Numerous experiments are now being conducted by Federal, state, and
local agencies dealing with this problem, but no satisfactory solutions
have been determined thus far. Burning has been unsuccessful whenever
tried. Experiments using 2,4-D and 2,L,5-T and combinations of these
compounds have been the most promising in the chemical treatment. How-
ever, all experience to date indicates that (a) the percentage of kill

by a single treatment may be as low as 40 percent and is seldom 100
percent, (b) the treatment must be repeated, (c) the treated area is
reinfested by seeding from other areas, (d) considerabls painstaking
care must be practiced to protect crops when spraying close to farm
areas, and (e) chemical treatment is more expensive than mechanical.

. treatment. Based on information available to date, mechanical treatment
appears to be the most effective and the least expensive both for initial

clearing and for annual control,

6, INITIAL CLEARING

Mechanical treatment to destroy the phreatophytic growth and to
clear the floodway was assumed for the purpose of preparing an adequate
cost estimate. In order to destroy the existing growth, it must be
removed below the root crown to a depth of 12 to 15 inches bélow the
ground surface. A considerable amount of phreatophyte clearing has
been accomplished along the Rio Grands by the Bureau of Reclamation and
the International Boundary and Water Commission. Initial clearing by
mechanical treatment is being effected by both agencies. Available:
information indicates that the equipment used by the International
Boundary and Water Commission would be satisfactory for use along the
Gila River. That agency has used two Towner stubble diskplows drawn in
series-by a D-8 Caterpillar. This type of equipment has been used to
cut down and deroot saltcedar from 2 to 8 inches in diameter and from
10 to 15 feet in height.




7. MAINTENANCE OF CLEARING

. The factors affectlng ‘the selectlon of .the treatment for initial
clearing are the same &g, those that apply %o selectlng the treatment
for maintenance. A cleared channel can be maintained by continual
destruction (mechanical or chemical) or by cutting of new growth.
addition, consideration was given to maintenance of clearing by plantlng
selected grasses in all areas where moisture conditions are favorable.
The International Boundary and Water Commission has demonstrated that

a good cover of grass will discourage reinfestation by saltcedar. The
land thus planted could be leased for pasture, and the lease could con-
tain a proviso for maintenance of clearing free from reinfestation,
However, definite information on the costs and benefits 1nvolved in
such maintenance is not avallable.

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 is applying chemicals

by aerial -and ground spray rigé, but supplemental mechanical work is
required to clear dead growth and to grub or remove the top portion of
the root system. The International Boundary and Water Commission is
using an 8L-inch brush cutter drawn by a LO-hp., rubber-tired tractor.
For the purpose of preparing an adequate cost estimate for maintenance,
mechanical treatment similar to that being used by the Internationsal
Boundary and Water Commission was assumed. The areas now classified
as covered with dense growth (7,665 acres) would be cut about one and
one-~-half times a year with powsr equipment, The areas now classified
ag covered with sparse growth (6,620 acres) would be cut about once a
year. However, the frequency of cutting would vary from year to year

-according to surface-water conditions and water-table levels.

8. UTILITIES AND OTHER OBSTRUCTIONS

No utility relocations are contemplated.

SECTION ITII - COST ESTIMATES
9. GENERAL

Estimated costs for the work performed and for the use of equip~
ment in initial clearing of the recommended project are based on prices
prevailing in 1957, The estimates reflect the cost of labor, the cost
of using egquipment and supplies incidental 1o the performance of the
work, and the cost of required rights-of-way and sasements. No
appreciable costs are involved for relocation of roads, bridges,or
utilities,

10, APPLYING ANALYSIS OF PAST ESTIMATES

Information obtained from engineering periodicals and from various
technical papers on phreatophyte clearing and control was studied, and

the results were used as a check on the cost estimates given in this
appendix,
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1l. OTHER COST FACTORS CONSIDERED _ .

The field conditions, the geographical location of the proposed
project, and the cost and availability of local labor and materials
were considered in preparing the cost estmmatea._

12, CONSTRUCTION PERIOD

The time required to clear the entire pfoject is estiméted at
- one calendar year, : _ .

13, MAINTENANCE .

" Anmpal maintenance costs were based on the assumption that. -
the responsible local interests would purchase two )0-horsepower
rubber-tired tractors and two Blj-inch brush cutters, and that
this equipment would he used the year around in the 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 for the recom-
mended project are estimated.at $50,000, This amount was checked.
for reasongbleness by comparison with actual costs given in ‘
published and unpublished papers on phreatophyte clearing,

1=l




| . Channel clearingf along Gila River from upper end of Safford Valley to
Buttes Reservoir site (based on prices for December 1957 )

Tost 3 : : 3 T
acch.: Description : Unit ¢ Quan- , Unit apount
no. s . bity , price ,
: FEDERAL COSTS : : s :
09, ; Channels: ; ; ; ;
:  Clearing floodway of : Acres.,: 7,665 :+ #$100 : $766,500
: dense growth, : : : :
:  Clearing floodway of tee.doe..: 6,620 60 : 397,200
: sparse growth, : : : :
Contingencies.......... cleenscieataniairataeanieni_ 236,300
2 Total, clearing..sefeeeecenelonssvastoneansat 1,400,000
30, : Engineering and design....:........:.......:.......; 83,%00
310 H SupeI‘ViSion and :CDUCOIO'O:O-'O.d...:t..icno: 8 2 OO
¢ administration. : : H :
: Total Federal cost.ieevvssvsteeisrretosarssst 1,570,000
® i NON-FEDERAL COSTS ; ; ;
H : H 3 :
'_ !Rights-Of-W&y and HEE R N Y R RN 2002000
¢ easements, H : : H
: Total first cost :.,._,,,.;..,,...;._,.,,,; 1,770,000
: of project. : s : H
' 1 : : :
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BENEFITS FROM FLOOD CONTROL

This appendix presents supplemental materiai éovering_the evalua-
tion. of, flood-control benefits from channel ¢learing along .the Gila

River from the upper end of:Safford Valley to the San Carlos Reservoir.

"’ Field investigations were made to determine the extent, character,
and value of the overflow area. Topographic maps, to a scale of
1" = 600! and with a contour interval of 2 feet, originally developed
by the United States Soil Conservation Service in 1935, were extended
in 1939 by the Corps of Engineers. (ross sections were. taken in 1939
at about 2-mile intervals throughout the length of the wvalley., Check
cross sections wers taken in December 1956 to determine the changes
that have taken place since the previous survey. Aerial surveys of
the area were made in October and November 1956. Crop reports of the
University of Arizona, the San Carloes project, and the Salt River
project were analyzed to obtain up-to~date estimates of crop distribu-
tion, yields, and values. A field recomnaissance was made in March 1957
to determine the change in development that has taken place since
previous detailed surveys made in the early 19L0's., Office studies were
made to determine the frequency of floods, the estimated damage from
future floods, and the estimated benefits from the proposed improvement.

2, TLOOD FREQUENCIES

The principal sources of information concerning past floods on the
Gila River in Safford Valley are records of the United States Geological
Survey, reports of the Reclamation Service, congressional documents,
newspaper accounts, and testimony of local residents. Historical

references to destructive floods along Gila Hiver in and near the area

under consideration extended back to 188L, but records of peak flows are
available only for the period 1915 to 1955, inclusive. The greatest
floods of record occurred in January and October 1916, but descriptions
ard estimates of the floods of November 1905, February 1891, December
1906, February 1905, and February 188l indicate that they were of com-
parable magnitude. The California modified method, as described in
Geological Survey Water-Supply Paper 771, was used to determine plotting
points for the discharge-frequency curve. In general, the peak dis-
charges of all recorded floods during the period considered were used.
However, if two or more floods occurred within a L.month period, only
the maximum crest flow was considerad.

The peak discharges, thus selected, were tabulated in order of
decreasing magnitude, and a discharge-frequency curve was prepared on
logarithmic probability paper from the tabulated data by using the
equation:
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£ = 100 (2." 0:2)s in which

£ = number of times in 100 years that discharge is equaled or
exceeded, _

n = series number of flood 1n order of decrea51ng magnltudo, and

t = number of years of record

Discharge~-frequency relations are shown on plate 1l The calcu-
lations of plotting points to determine probable flood fréquenciss for
the Gila River at the head of Safford Valley near Solomon, Arlz., are
summarized in the follow1ng table, , : _




o~ . Estimated flood frequencies and magnitudes, Gila River at head of
Safford valley, near Solomon, Ariz.

: Number of @

”;-_Daté;_. if : Peak .- : floods in : 'n  : £
R S ¢ discharge : 72 yearss : s
o +{1881-1955)

: Cubic feet :

S L - % per second - . S
,-brovember._l905.l.....'....a.”.........‘.n'.: . 1 '.l v 0069
January 19, 1936..4000044 10,000 : 1 2 5 2,08
Fet’ruary 1591.¢lon-=-upcot:a.-iq-oo-ooq: l H 3 th?
December 1906...0viveraorieasnrraoranst 1 O A I TR
. October 1h, 1906,.00ceees: . 67,900 ¢ 1 w5 ¢ 6,25
 February 1909...esnesvectionenrsasesnat 1 : 6 1 T.64
February L88L..vvveevvnvrteisirravenent 1 7 : 9.03
December 20’ 19111-_-.0{-,--9: 50}000 : 1 . : 8 : 10:’4
September 30, 194Ll.v.eeeas 31,900 : - 1.76 ¢ 9.38 : 12,3
January 1h, 1949,...0. 0003 25,200 : 1.76 ¢ 110 ;14,8
OGtOber h’ 191hnnncocooto= 21’.,000 : lo?é: 12090 H 17.2 o
February 10, 1932..eessest 24,000 : 1.76 ¢+ 1466 : 19.7
February 8, 1937...40q0000t 23,700 : 2176 s 1642 ¢ 22,1
August 27, 193L.....0v0.008 0 23,000 3 1,76 : 18.18 -« 2i,6
July 26, 1915, ¢ cveivenset 20,000 ¢ 1.76 ¢ 19.94 ¢+ 27.0
January 19, 1952.........t 19,700 : 1.76 ¢+ 21.70 : 29.5
. - December 3%, 1940,..c.vs0t 17,600 : 1,76 + 23.h6 ¢ 3109
. September 3, I925., . viseat ¢ 15,900 : CL.76 + 25,22 ¢ 34l
September 25, 19Uk..vevsew: - 15,800 : 1,76 : 26.98 : 36.8
August 21, 1921......00...3 15,700 : 1.76 + 28.7L : 39.3
- Angust 3, 1909, .00 et 15,000 : 1.76 ¢ 30.50 : hL.7
“July 30, 1929, ... ienhent 12,700 S 1.76 1 32.26 5 Lk, -
August 12, 1923.........51 12,600 : 1.76 : 3h,02 : 146.6
March 15, 1941, ....0u0.ads - 12,300 ¢ 1,76 1 35.78 : L9.0.
July 2h, 1955, ccuivnuinnnt 11,700 : 1.76 + 37.54 : 51.5
December 28, 1923.......01 10,600 © 1,76 : 39.30 : 53,9
February 15, 1931l........¢ © 10,500 : 1.76 + 1,06 : 56,4
February 21, 1915,..¢....% - 10,500 : 1,76+ 42,82 @ 58,8
August 11, 1930..000ru0et 10,100 : 1.76 & LL.58 : 61,2
MarCh 2’4, 1_9530010'00-71 o_o: 9,850 : 1-76 :_ héoBh H 63.7
September 6, 19L0..0iivavs - 9,EL0 1.76 : h8.10 : 66,1
September 9, 1933... .. .00 9,600 1.76 + L9.86 : 68.6
September 13, 1927..4v040t 9,320 : 1,76 3 51,62 & 71.0
August 30, 19UT . vivavrasnt 9,250 & 1.76.:'53.38‘: 73.5

"% Peak discharges available for Ll years of record, 1915.1955;
historical accounts relate only to those floods exceeding 50,000
c.f.5. and are for entire 72-year period.




3« DAMAGE FROM FUTURE FLOODS

A summary of estimates of primary (direct and indirect) damage
that would result from future floods of various magnitudes along the
Gila River from the upper end of Safford Valley to San Carlos Reservoir
is given in the main report, A ocurve showing the relationship between
peak discharges in cubic feet per second and total damage in dollars
under average future conditions is shoun on plate 2, The discharge-
damage curve was combined with the discharge-frequency curve (pl. 1)
to obtain a damage-frequency ecurve (see pl. 2). The area under the
damage~frequency curve represents the estimated total flood damages
during a 100-year period; the total for the overflow area divided by
100 is the estimated average annual damage for the area.

Clearing of the Gila River channel from the upper end of Safford
Valley to San Carlos Reservoir would provide partial flood control by
increasing channel capacities with attendant lowering of the water-
surface elevations of future floods and with resultant reduction in
extent of the flooded areas. The followlng table shows a comparison
of resultant damage under exlstlng channel conditions and under improved
channel conditions.

Comparison of estimated damages under cleared conditions with damages
under existing conditions, Gila River,. Upper end of Safford valley
to San Carlos - Reservoir, Ariz, -

. Estimated damage fromeainéle floods

Discharge =, Present (1957) :  Assumed cleared
3 conditions 't conditions
Cubic fest per second : _ : o .
175,000 : $l,1k0,000 : $3,760,000
72,000 S - 1,830,000 : 1 h30,000
35,000 . o 750,000 . s 510,000 -
17,000 : 180,000 : 60 000

L I

" A damage~frequency curve wae drawn’ 1ndicat1ng the damage that
would not be prevented if the channel were - cleared (see pl, 2), The
following table summarizes.the estimated average shnual tangible
primary benefits that would result from damsgés prevented under the
proposed plan of improvement.
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| .“\ Estimated benefits from prevention of flood damage from channel

clearing along the Gila River, upper end of Safford Valley to
San Carlos Reservoir, Ariz,

Itenm : Average anmual damage
Total AaMAZESBecerrsrsrrsenastssavasoaned $337,000
Nonpreventable damages.ssescvesveveresst - 245,000
Damages prevented.scsesvoronreninss - 92,000

o
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WATER SALVAGE AND BHENEFITS
: CHANNEL CLEARING - GILA RIVER
SAFFORD-SAN CARLOS CCORDINATED INVESTIGATIONS

Clearing of the river bottom vegetation in the flocd plains
of the Gila River in the two reaches from the head of Safford Valley
to the San Carlos Reservoir and from the mouth of San Pedro River .
to Kelvin at the head of the potential Bubtes Reservoir would result
in salvage of water which could be put to beneficial agricultural
use, The total-amdunt of water which could be salvagéd from clearing
an estimated 13,8L0 acres of river bottom land is estimated at 3k, 000
acre-feet. Of this smount it is estimated that 19,800 acre-feet
would be available at points of farm delivery. The estimated economic
value of the salvaged water delivered to the farm is approximately
- $9.00 per acre-foot, Estimated annual direct and indirect benefits

total $94,5,660, '

A discussion of the rrocedures used in estimating the amount: of
water salvaged, the value of the water, and the benefits, together
with the results, is contalned in the following paragraphs,

Bottom Land Vegetation Survey

A survey was conducted to estimate the density and type of
native vegetation in the flood plain of the Gila River from the Brown
Canal heading to the storage pool above Coolidge Dam and from the
confluence of the San Pedro River near Winkelman to the head of the
Buttes Reservoir site near Kelvin., The line transect method was used
to estimate the areal densities of each type of native vegetation in
each of the selected classes. The line transect method is a procedure
for sampling vegetation designed to lessen the effect of personal -
judgment' and bias by the observer in determining densities. The prin-
cipal density or type classes were delineated by examination of the -
shading on aerial photographs. River channel and barren areas were
outlined. Differences in species were discernible from the shading
and apparent variances in cover density provided a breakdown of types,
A field examination was then made to determine if the classes as
selected were appropriate, Accessible transect locations were selected
and marked on the aerial photographs. The transects selected were.then
surveyed in the field., The vegetation in the river reaches was classi-
fied into four density classes with a fifth classification used to
designate bare ground or grassy areas. The classified areas were
outlined on appropriate maps, Transects were 100 feet each in length
and 109 transects were surveyed in the reach upstream from Coolidge
Dam and L6 transects were run in the downstream reach. Heights of
vegetation were noted as the transects were surveyed to provide the
basis for estimating vertical densities. Average areal and vertical
densities as determined from the transects selected for each of the
four classes of vegetation were applied to all areas of similar




clagsification in each of the two river reaches, The volume densitles
were comnuted as the product of the areal and vertical densities for

. @ach type of vegetation in each class in. each river reach., The areas
of the various classes outlined on the maps were determined by planim-
etering and the eouivalent areas of 100 percent volume density were
estimated for each type of vegetation in each class.in each river reach.
. The acreage and density data for the reach from ’ohe Byrown Canal heading
to San Carlos Reservoir are summarized in Table 1; and Table 2 presents
a summary for the reach from the mouth of the San Pedro River to the
Buttes Reservoir’ site. -

Under the plan of development for the Middle Gila River area,
the Gila River channel would be improved by clearing river bottom
vegetation, A 50-foot vegetative fringe would be lefi along both
banks of the flood plain to help protect the banks from erosion.
The acreages of the various classes of vegetation in the 50-foot
fringe were determined. as shown in Table 3,

Consumptive Use by Bottom Land Vegetation on Area to be Cleared

The consumptive use minus precipltatlon (U-R) rates were esti-

mated by the. Blaney-Criddle Formula (U = XKF) for salt cedar, mesquite,
and arrowweed or baccharis for 100 percent . volume density  from the
data presented. in Appendix B of the Bureau of Reclamationts November
1952 "Report on Water Supply of the Lower Colorado River Basin."
Appendix B had been prepared by Messrs, Harry T'. Blaney and Karl Harris
. of the United States Department of Agriculture to present consumptive
nse of water rates in the various areas of the Lower Colorado River
Basin, The rates were applied to the acreages of each type of vege-
tation to estimate the consummtive use by native vegetation in the
areas to be cleared in the two river reaches as presented in Table l,

Water Salvage

Water -salvage would be realized from the removal of the native
vegetation, However, continuous maintenance or the establishment of

. a beneficial vegetative cover such as native grasses in the place of

the present phreatophytic growth would be required to realime the
water salvage estimated to result from clearing the river bottom .
;vegetatlon, .The consumptive use, minus effective precipitetion, by
regrowth of vegetation under normal maintenance or by native grasses
is estimasted to average one acre~foot an acre for the entir cleared
ared. . - : e s o . = .

: The area to be cleared amounts to 11,200 acres between ths head~
ing of the Brown Canal and.the San Carlos Reservoir and about 2,640
acres for the reach from the mouth of the San Pedro River to the
Buttes Reservoir site or a total of 13,840 acres with an estimated
total consumptive use of 47,840 acre-feet (Table h) :

a
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Brown Canal Heading to San Carlos Reservoir

Table 1

BOTTOM LAND VEGETATION SURVEY
Gila River Channel

Mldule Gila River Area, Arizona

Transect

: Equivaient
- Total Total Length - - Area of
Ares- Length of Covered - Areal Vertical Volume: 100%

: : Surveyed Transects by Phre- Density Density Density Volume
Density Glassification 1/ atophytes 2/ - 3/ Density 5
and Type of Vegetation (ATres) (Feet) (Feet) (Percent)  (Percent) (Percent) (Aeres
Class A 160 900 ' .

Mesquite R — . 612 68 95,6 65 - 300
.Class B 7,032 5,500

Salt Cedar - 4,272 78 88.5 69 L,852

Mesquite - - - 58 1 100.0 1 70
Class C 2,799 2,600

Salt Cedar - —-— 1,285 49 79.6 39 1,092
. Mesquite - -- 90 3 66,7 2 56
Class D 1,839 1,900

Salt Cedar - - 1h9 8 87.5 7 129

Mesquite - -— 3h3 18 83.3 15 276

- Arrowweed or bascharis - - 105 6 - 83.3 5 92
A11 Classes - Totals 12,130 10,500 P .

Salt Cedar - e . 5,706 -— - .. 6,073 .

Mesquite - — —-— 1,103 - - —ia 702

Arrowweed or-bacchar1s - — ' 105 — — - 92

--Determined by planimetering,
Computed as the ratio of the length of transects covered by each species of
length of transects surveyed in each density class.: \\

Based on optimum height of 13,0 feet for salt cedar and mesqulte and 5.5 feet for arrowweed and\baccharls.
Product of areal density and vertical density.
Product of volume density and total area surveyed.

vegetation to tﬁé total




Table 2
BOTTOM LAND VEGETATION SURVEY
_ Gila River Channel
Confluence of San Pedro River to Buttes Reservoir Site
Middie Gila River Area, Arizona

. Transect Equivalent
Total _ Length . Area of
o Area Total - Covered Areal Vertical Volume 100%
Surveyed Tength of By Phre- Density Density Density Volume
Density Classification 1/ Transects atophytes 2/ 3/ L/ Density 5/
and Type of Vegetation {Acres) (Feet) (Feet) (Percent) (Percent) (Percent) (Acres)
Class A ' Wil 1,100 : :
Mesquite . - L ohh - 86 97 83 366
Class B 1,286 1,900 :
Salt Cedar — - 1,603 8l oL 79 1,016
Mesquite - —_— 156 8 %6 8 103
- Arrowweed or baccharis o~ ——— 17 1 100 1 13
L classc 451 1,100
Salt Cedar - - 2h9 - 23 75 17 77 .
Mesquite - — - LO5 37 78 29 131
Class D 67l 500
Mesquite - - 175 35 86 30 202
Arrowweed or baccharis -— - BN 3 71 2 13
A1l Classes - Totals 2,852 11,600 - ' ' o S
" Salt Cedar ‘ - - 1,852 - - - 1,093
Mesquite _ , - -— 1,680 - - -— - 8o2
Arrowweed or baccharis o - 31 - - - 26
1/ Determined by planimetering.
2/- Computed as the ratio of the length of transects covered by each speties of végetation to the total
= length of transects surveyed in each density class.
3/ Based on optimum height of 13.0 feet for salt cedar and mesqm:be and 5 5 feet for arrowweed or baccharis.
T/ Product of areal density and vertical density.
3/ Product of volume density and total area surveyed.




. - C ' Table 3
‘ . BOITOM LAND VEGETATION SURVEY
Gila River Channel
80-Foot Vegetative Fringe Along Both Banks of Flood Plain
Middle Gila River Area, Arizona

_ Volume :
Total Density Eguivalent
Area From Area of
~ of Tables 100% Volume
Density Classification Fringe land 2 - Density 1/
and Type of Vegetation {Acres) (Percent ) (Acres)

BROWN CANAL HEADING TO SAN CARLOS RESERVOIR

Class A ‘ 101
“Mesquite _ S 65 . 66
Class B ‘ ' 519 , '
"Salt Cedar - ‘ 69 379
Mesquite - _ 1 6
Class C - 165
Salt Cedar B 39 . 6l
Mesquite _ o2 3
Class D , : 112 ' :

. Balt Cedar 7 8
Mesquite ' 15 17
Arrowweed or baccharis 5 6

A1l Classes - Totals 927 ' | 549
Salt Cedar R - ; o hsr
Mesquite R : 92
Arrowweed or baccharls e ' 6

CONFLUENCE OF SAN PEDRO RIVER TO BUTTES RESERVOIR SITE

Class A L : Lo . : -
Mesquite S 83 33
Class B ' _ o 100 , i
Salt Cedar 79 79
Mesquite . _ 8 : 8 .
Arrowweed or baccharis 1 : 1
Class' C L5 , g
Salt Cedar . o 17 : 8
" Mesquite . 29 : - 13
Class D T 31T o s : .
© Mesquite S o 30 P 9
Arrowweed or baccharis . N 2 3 1
A1l Classes - Totals S 216 P oo 152
Salt Cedar C ' ' - ‘ 87
Mesquite - 63
Arrowweed or baccharis T 2
. 1/ Product of volume density and total area of fringe.
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Table Iy
CRISUMPTIVE USE BY NATIVE VEGETATION ON AREA TO BE CLEARED
Gila River Channel
Middle Gila River Area, Arizona

Consumptive _ .
Use . Effec-
Coefficient -~ tive
: 100% Volume Consumptive Consumptive Precipi~ Consumptive Use Rate Area
Type of Density Use Factor Use tation 100% Volume Density 100% Volume Consumptive
Native Vegetation K STF U R U-R Density %/ Use
' ' (Inches) {(Inches) <(Inches) (Feet) (Acres (Acre-Feet)
N BROWN CANAL HEADTNG TO SAN CARLOS RESERVOIR
Salt Cedar  1.50 58.16 87.24 8.01  79.23 - 6.60 5,622 37,105
Mesquite .75 £8.16 h3.62 8.01 35,61 7 2,97 610 1,812
Arrowweed or H
o baccharis 1,00 " 58.16 - 58,16 8.01 50.15 L.18 86 360
o Total : 6,310 39,277
1 - . . o . T ' .
O CONFLUENCE OF SAN PEDRO RIVER TO BUTTES RESERVOIR SITE
Salt Cedar 1.50 58.13 87.19 10.49 76.70 " 6.39 1,006 6,128
Mesouite .75 1 58.13 h3.60 10.h9 33.11 2.76- . 139 2,0L0
Arrowweed or : _ )
baccharis 21,00 '58.13 - 58,13 10.49 h7.6) ¢ 3.97 2l 95
Total i ' . . B 1 ?69_ 8,563
l/ Computed by subtractlng totals 1isted for each species in Table 3 from those 115ted in Tables 1 and 2,
K= Emp;rlcal coefficient developed for the Lower Colorado River Basin.
F = 5um of monthly consumptive use factors for the growing season of a specific area. The monthlv consurptive
" -use factor is the product of mean monthly temperature and monthly percent of daytime hours for a specific ares
‘U = KF = Consumptive use in inches. = -
R = Effectlve precipitation for the growing season of ‘a specific area in inches. Only monthly ralnfall exceeding

'0.55 inches has been tonsidered effective, Months with precipitation of 0.55 incheés or less are omitted from

' the computations and the entire precipitation for months with precipitation greater than 0,55 inches is in-
cluded.




The consumptive use required to support a beneficial vegetative
cover such as native grasses, or to support the regrowth of the native
vegetat ion under normal maintenance is estimated at the rate of one
acre-foot an acre or 11,200 acre-feet a year for the acreage to be
cleared between the heading of the Brown Canal and the San Carlos
Reservoir. With present consumptive use by native vegetation of
39,280 acre~feet a year in this area and consumptive use of 11,200
acre-feet & year subsequent to clearing, the estimated water salvage

~toibe realized by clearing would average 28,100 acre-feet a year for -
~this section of the Gila River..: - '

The present consumptive use of the 2,640 acres of native vegeta-
tion to be cleared in the river reach between the mouth of the San
Pedro River and the Buttes Reservoir site would average £,560 acre-
feet a year, Allowing for an annual consumptive use of one acre-foob
an acre for the 2,6L0 acres subsequent to clearing, the estimated
water salvage resulting from the improvement would average 5,920
(rounded 5,900) acre-feet a year for this reach of the Gila River.

. The water salvaged by the removal of phreatophytes would decrease
the present valley depletions upstream and downstream from Coolidge
Dam., It cannot be stated definitely how and where the salvaged water
would be used as part of the water would be salvaged downstream from '
the points of upper valley diversions, TFor the purpose of estimating
the net amount of salvaged water available for farm use, it was neces-
sary to make certain assumptions as to where the water would be used,
0f the 28,100 gcre-feet salvaged upstream from Coolidge Dam, it is
estimated that L,600 acre-feet would be salvaged upstream from the
heading of the Ft, Thomas Consolidated Canal and 23,500 acre-fest

downstream, ‘It was assumed that the 4,600 acre-feet salvaged upstream

from the heading of Ft. Thomas Consolidated Canal would be used in the
Safford Valley by either pumping from the ground-water reservoir or
gravity diversion and that 15 percent of the salvaged water would be
lost. in delivering the water to the farms. The 23,500 acre-feet sal- -
vaged between the heading of the Ft. Thomas Consolldatad 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 gite were considered as
being routed to Ashurst-Hayden Dam. In routing the water to the farms,
it was estimated that 20 percent of the water salvaged betwsen the
heading of the Ft. Thomas Consolidated Canal and San Carlos Reservoir.
and 10 percent of the water salvaged between the mouth of the San Pédro
River and the Buttes Reservoir would be lost en route to Ashurst-Hayden
Dam. On the basis of past diversions, it is estimated that 3l percent

‘of the water diverted at Ashurst.Hayden Dam would be lost en route to

the farms.

Table 5. présents -2 summary of the water salvaged and déiivered
to farms resulting from the proposed clearlng of native VEgetatlcn in
the Gila Rlver flood plaln. »




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 to be Cleared Cleared (2) (3) to Farm

Brown Canal to ' '
Ft. Thomas Canal . 2,000 6,590 _ 2,000 1,600 3,900

Ft., Thomas Canal -~ e | o _
to Coolidge Dam 9,200 32,690 9,200 23,500 12,400

Mouth of San Pedro
River to Buttes : o o
Reservoir Site 2,60 - 8,560 2,640 5,900 3,500

Total = 13,840 17,840 13,840 34,000 19,800

Areas of Water Conservation Benefit

The agricultural areas in the Safford Valley and in the San Carlos
Project area in Pinal County would be the principal areas benefiting
directly from the water that would be salvaged from the eradication and
control of phreatophytes along the Gila River. -The water would be
available for irrigation of agricultural crops and would therefore con-
stitute a direet beneficial addition to the existing agricultural eccnonmy.
The comparatively small amount of incremental water and the manner in
which it would become available would, however, prohibit any substantial
increase in the irrigated areas, Although this supplemental water could
be used to more completely provide an adequate supply to the crop acreage
presently irrigated, in this study it is assumed that the water will be
used to irrigate additional land within the confines of existing farms.

Project Lands

The irrigated areas of the Safford Valley and San Carlos Project
areas have developed on the alluvial filled valley soils of the Gila
River. The Safford Valley has some 325 500 acres of irrigated land while
the San Carlos Project, although containing 100,000 acres of land en-
titled to water, has only been able to irrigate about 60,000 acres an-
nually during the past several years. The soil material consists ‘
primarily of old, water-laid unconsolidated deposits which originally
had their source in-a variety of formations in which granite and re-
lated rocks predominate. The soil body is quite heterogeneous, both
in texture and depth, and consists generally of various sizes of
quartzitic sands. Most of the soil bodies are composed of coarse




textured loamy sands and sandy loams although there are finer textured
silt loams and clay deposits in local areas. Surface drainage is
genérally good over most of ‘the irrigated area but 1nternal drainage
is restricted in pldces by compact subsoil material. The land areas

. are usually smooth and comparatively flat or gently sloping but near

the present channel of the river the land areas are occasionally dis-
sected by old meandérs of the stream, ZExcess quantities of soluble -
salts restrict crop growth in local ‘areas of small extent; however,
this adverse condition is often a result of having inadegquate water
to keep the salts leached out of the soil body. Shallow soil cover =
over coarse sand and gravel, or lime cemented "caliche" areas cause

‘¢erop production trouble in places bubt generally this condition is not

extensive.  Much of the land has been irrigated for many years Wlth
no serious soil or drainage problems developing. .

Agrlcultural Fconomy

The agrlculture in both the Safford Valley and the San Carlos
Project area 1s quite similar., Both areas experience water shortages
and the farmers!' adjustments to these shortages are much the same, -
The typical adjustment to the highly variable water shortage is to
reduce the irrigated area and use 'the available water for irrigation’-
of higher value annual crops having lower water requirements., Cotton:
is by far the most important crop in both areas with alfalfa, barley,:
and sorghum accounting for most of the remaining irrigated land., The

lands in the Indian owned and operated section of the San Carlos Proj-

ect have not been farmed as intensively in the pasgt as those in the
other areas. The gquality of the land and the water supply available
to them, however, are comparable to other areas. In this study '
no distinction has been made between the agricultural value of water
in the areas. The mild almost frost-free winter climate of the farm
areas result in'crops being grown all year long., It is a common

‘practice, when sufficient irrigation water is available, to double

erop a part of the irrigated land, Likewise, barley and alfalfa are
often pastured for short perieds before being harvested. Although
much of the harvested produce is sold the feeding of beef for the
market is increa81ng in importance, Pasture feeding of lambs is also.
a commoti- practlce in places. ' : : : -

The analysis of agricultural value and benefit of the salvaged
water was made on‘a reconnaissance level, As it Was not possible to
collect complete basic information of the agricultural practices and -

costs under the time allowed for the study it became necessary to -
rely on information already available in the Bureau of Reclamation
files. Previously furnished data on the San Carlos Progect operations
and published bulletins of the University of Arizona were the pr1nc1pa1
sources of 1nformatlon.




Land Use and Crop Yields

AS most of the available information dealt with the agricultural
practices of the San Carlos Irrigation and Drainage District, the noﬂw
Indian portion of the San Carlos Project, and since the farming:- :
practices and the crop yields.were similar to other areas that. would -
be benefited, the non-Indian farmed portion of this project was used
as the basis for developing the agricultural value and benefits of
the program. ; _ :

The period 1950-195L was used to determine the average crop'yialds
and the acres irrigated. In this period an average of about 30,000 -
acres or about 60 percent of the 50,000 acres in the District were.
cropped. Cotton occupied about 68 percent of the net area cropped
with alfalfa hay and pasture, barley, and sorghum comprising the rest
of the acreage. Only 2 percent of the total area cropped was occupled
by crops other than those listed.

‘The yields obtained by these crops for the period l950-l95h were
adopted as representative of future long time yields for the study.
The increased water supplies available through phreatophyte removal.
are expected to result in a corresponding increase in the cropped
acreage rather than in increased yields. Hence, the ‘same laval of
yields was assumed to prevail in the future.

Representatlve Farm and Farm Prices

After study of the ownership records of San Carlos Irrlgation
and Drainage District lands, a farm containlng 200 acres was selected
as a representative farm for use in determining the value of water
salvaged from phreatophyte removal, During the 1950-19%k periocd ap~-
proximately 60 percent of the acreage was cropped, thus on the repre-
sentative farm 120 acres of the 200 acres was assumed to produce crops.
The prices used in this analysis are long-term projections.expected.
to prevail over an extended period in the future, . Thege prices are
based on a general level equal to 250 percent of the .1910-191L level
for.prices received by farmers and a level of 265 percent of the
1910~191) level for prices paid by farmers for items used in farm
production.

ThlS level and relationshlp of prices paid and received hae been
adopted by the .Bursau of Reclamation for making agricultural studies
as those which may be expected to prevail over an extended period of
years under assumptions of relatlvely high employment. :

Agrlcultural Value of Water

The agricultural value of the salvaged water was calculated by
use of a farm budget method using the crops, crop yields, and prices,
and the size of farm as discussed previously. A representative farm
budget was prepared and the value derived represents the average value
of one acre-foot of water delivered to the farm.
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The results of the budget study are summarlzed in Table 6. Two
values are developed, $11.75 and $8,94 (rounded to $9.00), The higher
value is comparable 1o the maximum amount that mlght be available for
water charges without allow1ng any proiit to the owner for management

_of the farm. The lower figure recognizes a profit to the farmer. for

his management of the concern.

Agricultural Benefits of Salvaged Water

The annual irrigation benefits creditable to salvaged water are
based on a net increased amnual farm delivery of 19,£00 acre-feet as
shown in Table 5, At a farm delivery rate of 3.5 acre-feet per acre
the 19, 800 acre-feet would serve an equivalent acreage of about 5,650
acres: ~ Crop distribution used in the representative farm. budget sume
marized in Table 6 is about the same as that prevailing in the period
1950195, except the cotton acreage was reduced somewhat and the
alfalfa acreage increased for the long-time projections of farm
operations. This adjustment permite a more suitable crop rotation
plan. from the standpoint of productivity and crop diversification
and Fits in better with the development of a iivestock enterprlse.
Crop distribution on the 5,650 -acres was assumed to be the same as
that used in the farm budget. This distribution is shown in Table 7.
Likewise in the budget analysis and the benefit calculations, it was
assumed that the farm would be operated as a cotton-livestock enter-
priss., The cotton was considered sold as a cash crop. Livestock was
considered purchased and fattened for sale through feedlng of the
forage crops. : :

The agrlcultural benefits include direct and indirect benefits.
resulting from the increased production attributable to the added
water supply. The direct benefits are measured as the increased
net income to the project farmers. The indirect benefits represent
the increase in net income to the off-farm handlers and processors

- of the increased production and are measured by applying appropriate

factors to the farm value of the increased production, Derivations
of the direct and indirect benefits are summarized in Tables 8 and 9.

The total benefits resulting from the salvaged water by this
method are estimated to average 945,660 annudlly. The direct annual
benefits would amount to $231,950 and the indirect annual benefits
would be $713,710,

311




Table 6 R
FARM ORGANIZATION AND FINANCIAL ANALYSIS C
Representative Farm - - - S _ .
Middle Gila River Area, Arizona :
‘ 7 . Amount
Ttem - (Acres)
Total land in farm . ' 200
Area irrigated - S - T
Land use _ L _ _ o
Alfalfa Hay o _ _ L8
Barley I 2
Sorghum, silage, double-cropped 3 (2&)
Cotton, upland, short staple o
Livestock, beef feeder calves ' _ § . 12 head
Farm income 1/ R o ‘ ‘Dollars
Cotton lint ~ 859 Ibs per acre at $0,266 per 1b | 10,970
Cotton seed - 1,397 1bs per acre at $71.00. ton L 2,380 ..
Livestock sales - 125 head weighing 750 1bs at S :
“21.75 owb , N 20,400
Gross farm 1ncome - o 33;?50'“:
Farm expenses 2/ I R | .
Alfalfa ~ L8 acres at “80 o 3,8h0
Barley - 2l acres at $53 S o S 1,270
Sorghum ~ 24 acres at $59 -~ - ' 1,l15
Cotton: ~ 48 acres at 217~ = ' R 10, hlS
Livestock - 125 head &t 500 | 11, 875 3/
Tctal farm expenses ' ' I 28,815
Net return above production costs, total farm: Chy935
Net return per acre-foot h/ : 11.75
Net return per acneffoot after allowance
for operator management return 5/ ) . 8.9k
Say - 9.00

1/ Based upon projected prices received by farmers at the general level

T of 250 percent of the 1910-1l base period.

2/ Based upon projected prices paid by farmers equel to 265 percent of

= the 1910-14 base period. Estimates of production costs are based
upon information published by the University of Arizona indexed to
265 price levels,

3/ Includes purchase cost of 125 head of feeder calves at total cost

of $10,195 and production expense of #1,680 for raising them,

i/ Based on the use of 3,5 acre-feet of water per acre (farm delivery)

~  on 120 acres, .

5/ Management return was calculated at 5 percent of gross farm income

= after deducting purchase price of feeder livestock (purchase cost
#10,195). 312 :




.' Table 7 , ,
' o T IRRIGATED TAND EQUIVALENT COF
U SALVAGE WATER FROM RIVER CHANNEL CLEARING,
" Middle Gila River Area, Arizona

Estimatéﬁ'ﬁéter savings, farﬁ'delivery 1/ - 19,800 AérerFegt
Estimated per acre water use, farm delivery 2/. 5 3.5 Acre-Feet
Irrigated: land equivalent, total _ : . 5 ,;65.0 Acres
Cotton (hO percent) W 2,260
Alfalfa (hO percent ) 2,260
Barley (20 percent ) : . o 1,130
Sorghum (20 percent) double-cropped - 'L(I;IBO)'”
. 1/ As estimated in Table 5,

2/ Based on records of past measured deliveries and estimates of
unmeasured deliveries. ; :
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' Table 8§
COMPUTATION OQF DIRECT IRRIGATION BENEFITS
FROM RIVER CHANNEL CLEARING ~° % - -
Middle Gila River Area, Arizona

Jtem - . Amount

Increased gross farm income

Cotton lint - 2,260 acres at $228 1/ * 7 $51%,280
 Cotton .seed ~ 2,260 acres at #5017 = . , . 113,000
Livestock - 5,887 head at #163 T/ '™ - 959,560
Total - 1,587,860
Increased farm costs B ' '
Livestock purchases 2/ ; 180,160

All other farm costs 3/ = ,, . 875,750
Total e , . 1,355,910

Increased net income (direct benefits) 231,950

1/ Derived for units shown‘from:déta'déveiﬁpgd in Table 6.’

2/ 5,887 head at an average weight of 375 pounds and at an average

price of $21.75 per cwt.

3/ Based upon estimated average farm costs of #2L0 per irrigated

acre less {85 for livestock purchases at 1.042 head per irri-
gated acre ($155 per acrae). '
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@ Table §

* COMPUTATION OF ANNUAL INDIRECT IRRIGATION BENEFITS
FROM RIVER CHANNEL CLEARING

Middle Gila River Area, Arizona

a3 Increased Indirect Benefits
Commodity Sales 1/ Factor 5/ Dollars

Benefits from increased marketing

Cotton lint #515,280 .83 $1,27,680
Cotton seed 113,000 .30 33,900
Livestock 179,420 2/ L1l 52,740
Subtotal 1,107,700 3/ 514,320

. Benefits from increased local expenditures E/ ‘ 199,390
Total indirect benefits (annual) 713,710

1/ As sunmarized in Table 8.
. ?_/ Exclusive of purchase cost of feeder cattle (4§959,580 - $480,160),
3/ Increased gross farm income less purchase price of feeder cattle.

Q/ Bstimated as 18 percent of increased gross farm income after cor-
rection for livestock purchases (51,587,860 ~ $480,160 x ,18).

5/ Factors contained in Bureau Manual that were developed by Bureau

T of Reclamation to measure value of indirect benefits accruing to
of f~farm enterprises through processing of farm products and sale
of farm equipment.
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U. S. ARMY ENGINEER DISTRICT, LOS ANGELES

ALLOCATION OF COSTS
GILA RIVER, CAMELSBACK RESERVOIR SITE TO SALT RIVER, ARIZ.

. . ' : GILA RIVER BASIN, ARIZ, AND N. MEX,

To a.céompany report on survey for flood controel, Gila River,
Camelsback Reservoir site to Salt River, Arisz,, dated
December 31, 1957.
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\ A L L O C & T I 0 N O F COSTS _ '
GILA RIVER, CAMELSBACK RESERVOIR SITE TO SALT RIVER ARIZONA )

GENERAL

ThlS appendlx presents the details of “the dllocatlon of first .
costs and annual charges for the improvements recommended for con- -
struction at this time along the Gila River from the Camelsback
- Reservoir site to the Salt River, Ariz.

- The recommended plan of improvement provides for clearing of the
river channel growth along the Gila River from the upper end of
‘Safford Valley to the Buttes Reservoir site.. Both flood-control and
water-conservation benefits would be provided under the recommended
plan, The first cost of improvements under the plan is estimated at
#1,770,000 (December 1957); and the average annual cost of maintenance
~and operation, $50,000 (December 1957). _

- .Various methods of allocation of costs between flood control and
water conservation were considered, as follows: (a) Separable costs-
remiining benefits method, (b) use of facilities method, {¢) benefit

 method, and (d) incremental method. - Consideration of all these methods

indicates that, in this particular case, the separable‘costs-remaining
benefits method is the. preferable method..

2, “EPARABLE COSTS-REMATNING BBNEFITS METHOD (REcomEiNDED')- )

The.report "Proposed Practlces for Economlc Analy51s of Rlver
Basin Projects," prepared by the Subcommittee on Benefits and Costs,-
Federal Inter-Agency River Basin Committee, under date of May 1950,°
recommends use of the separable costs-remaining benefits method of
cost allocation. The report states that "equitable distribution may
be obtained by preventing costs allocated to any purpose from exceeding
. corresponding benefits; by requiring each-purpose’ to carry at least its
separable cost; and, within these maximum and minimun limits, by pro-

- viding for proportlonal sharing of the savings resulting from multi-

purpose development."-: The amount of benefits used as a basis for the
allocation is limited by the cost. of available 31ngle-purpose alterna-
tive. projects.-

In this specific case, the only alternative plan to develop
similar fleood~-control or water-cohservation benefits would be the same
- as the recommended plan. Thus, the annual charges for the alternative
plans for flood contriol or water conservation are equal to the ahnual
charges for the recommended plan and no separable costs would result

': from including the individual function in the multlple-purpose projeet

The follow1ng table summarizes the calculatlons in- the determl- 3
nation of allocation of costs for the recommended plan, us1ng the
separable costs-remaining benefits method. -

-
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Allocation of costs, recommended plan of improvement, Gila River, Camels-
back Reservoir sifte to Salt River, Ariz, (based on Dacember L9571 prices)

(Separable costs-remaining benefits method)

Ttem , Flood .  Water o qgpq
. control , conservation ,
1, Benefits - average amnual........: $92,000 @ $232,000 :  $324,000
2. Alternative cost : : : ' :
(annual charges)eeessseeceesenat 112,000 : 112,000 : 22L,000
3. Benefits limited by ' : : :
alternative cost..uissserranssaes 92,000 ¢ 112,000 ; 204,000
L. Separable COSLSeeeereoreroroersoet 0 : S0 ' 0
5. Remaining benefits e : :
(item 3 minus item L)essvevesesr 92,000 : 112,000 : 20k, 000
6. Allocated joint coStSsvseavseeess: 50,500 : 61 500': 112,000
7+ Total allocation - average annual: x 3
(item L plus item 6)evecveesssst 50,500 : 61,500 : 112,000
8+ a. Allocated first cost of : : !
GonStructionn..-- seessesreel 708,000 3 862,000 H 1,570,000
b. Allocated first cost of t t t
: rights-of--way. vavrrasssnatoasl 90, 000 110, 000 H 200, OOO
€. Allocated total first coste...: 798,000 :° 972,000 ¢+ 1,770,000
d. Allocated maintenance and ¢ ! 1
OPRrationesessvevesascacsneat 22,500 3 27,500 : 50,000
: : :

. The costs of the recommended plan allocated to flood control were
further allotted, in accordance with the general policies expressed in
acts of Congress, The cost of construction items allocated to flood
control would be borne by the United States and the costs of lands, ease-
ments, and rights.of-way and of maintenance and operation would be borne
by local interests., .

On the basis of present (December 1957) costs, the allocated first
cost to the United States for flood control would be $708,000, which is
45.1 percent of the estimated construction cost. The allocated first cost
to local interests for flood control for rights-of-way would be $90,000,
The first cost to lecal interests for water conserwvation would be w972 000,
of which $862,000 (54.9 percent of the estimated total construction cost)
would be for construction and $110,000 would be for rights-of-way.

- It is proposed that local interests (a) provide all rights-of-way and
(b) be permitted to repay that part (54.9 percent) of the total con-
struction cost that is allocated to water conservatlon, in 40 years without
interest.

'Under the proposed allocation of costs, the United States would clear

the channel at an estimated Federal first cost of $1,570,000 and local
interests would (a) provide rights-of-way at a cost estlmated at $200 000,
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(b) maintain. and operate the im rovement at an avarage annual oost
¢stimated to be $#50,000, and (cg repay -54.$ percent of the total con-
structlon cost, in hO equal arncal payments without interest., On the
‘basis of December 1957 prices, thé estimated amount .of $#862,000 would"
be repaid in 4O equal annual payments -of 521,550, The allooatlons
and repayments would be adjusted on. the basms of actual construction
costs, . '

3. ‘USE"OF FACILITIES: PETHOD;

. .The use of facilities method is. based on the premlse that the
joint costs should be propertioned among the various functions - - :
according to. their amount of "use" of the Joint facilities, Joint =~
costs are determined by subtracting the sum of the separable costs - -
from the total cost.-of the project. In this specific case, both flood
-conbrol and .water conservation would have equal use of the required.
facilities. The project would function for both purposes at all times,
Therefore, joint costs would be divided equally betwesn the two
functions., As indicated in the previous paragraph, no separable costs
are involved for either of the two purposes. , :

. The following table summarizes the calculatlons in the determlnatlon
of allocation of costs for the. rocommended plan, u81ng the use .of -
"facilitles method.

- Allocation -of costs,.reoommended plan of improoement;_Gila“Rivef,"'
CameLsback Reservoir site to Salt Rlver, Ariz, (based -on
December 1957 prices)

(Use of facilities method)

. . " Flood ! Water i
Ttem o i control * conservation f‘ Total
Separable. COBtS.seeerraaroast 0: . 0 0
+Allocated joint costs : : 2 L
"~ (average annual)..........; %Sé 000 : %gSé 000 $112,000
.:,Total allocation v LR 3 : '
. {average annual).es.ees.est 56,000 : 56 000 & 112,000
‘Allocated first cost of : o8 :
. construction.sessseeaesesed 785,000 : 785,000 : 1,570,000
Alocated first cost of _ : :
- rlghts~0f—waya...-........: lOO’OOO : lO0,000 : WQOO,OOO
 Allocated total: : : : T -
..' flrst COSt..-.......-...--:' 885,000':: 885,000 4 1,7?0,000..‘
Allocated maintenance ¥ ' : - o
s 25,000 : 25,000 ¢ - 50,000 °

and operatlon..‘.....;....

3 Both flood control and water consarvatmon requlre 10()percent
use of facilltles. - ~ :
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The costs allocated to flood control would be further allocated in
accordance with the genseral policies expressed in acts of Congress., On
the basis of present (December 1987) costs, the allocated first cost to
the United :States for flood control would be $785,000, which is 50 per-
cent of the estimated construction cost, - The allocated first cost to
local interests for flood -control for rights-of-way would be #100,000.
The' first cost to local interests Tor water conservation would be =
$885,000, of which (785,000 (50 percent of the estimated construction-
cost) would be for construction and 100,000 would be for rights-of -way.

The use~of.facilities method is not considered as desirable as the
separable costs-remaining benefits method., " The former method does not
consider the relative value or benefits received by each of the purposes,
It is also difficult in this case to evaluate the degree of use of the
project. Although the project is required at all times for both flood-
control and water-conservation purposes, this does not necessarily mean
that each should share equally in the cost of the project, '

i« BENEFIT METHOD

The benefit method provides for the allocation of the total cost
among the various functions in proportion to their estimated bensfits,.
The following table summarizes the calculations in the determination of
allocation of costs for the recommended plan, using the benefit method,

Allocation of costs, recommended plan of improvement, Gila River, Camels~
back Heservoir site to Salt River, Ariz, (based on December 197 prices)

(Benefit method)

¥ Flood ° Water o
1tem ' control ' conservation } Total
Benefits (average annual)...........: $92,000 : $232,000 ¢  $324,000
Percent of total benefitS.essseeeses? 28, C 716 100,0
Allocation of costs: : : . . H
Construct_ion costs,. ., Pt st ety :&th6, 000 : L‘T{?l,l?u, 000 H $1,570, 000
Rights-0£l"way COSLSssnenve ess el S?,OU‘O H 1).].3,000 : 200, G00
Total first costs...iviveeesrsesssat 503,000 1 1,267,000 ; 1,770,000
: 35’ 800
: 3

Maintenance and operation costs.,.: 14,200

The costs allocated to flood control would be further allocated in
accordance with the general pollcies expressed in acts of Congress on the
bagis of present (December 1957) costs. The allocated first cost to the
United States for flood control-would be $44L6,000, which is 28,k percent
of the estimated construction cost, The allocated first cost to local
interests for flood control for rights-of.way would be #57,000. The
first cost to lecal interests for water conservation would be %1,267,000,
of which $1,12L,000 (71.6 percent of the estimated construction cost)-
would be for construction and $143,000 would bs for rights-of-way,
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The. benefit method is not considered: to be as desirable a

”ffméthod as the separable ‘costs~remaining benefits method.  The.

method does rot consider the alternative mesns of providing the
game degree of flood control or the same measure of water conserva-
tion, These alternative measures should be limiting factors to be
applied in ‘the allocation of costs in order to provide for equit~
able sharing of the savings or economies resulting from joint use,

5. INGREMENTAL METHOD

" The 1ncremental‘ﬁethod allocahés'the ~separable-costs to their
regpective purposes-and the total joint cost to the one basic pur-
pose that is considered the principal or basic function of ‘the

_ project, This method is geherally used where one purpose is clearly

incidental to the overall purpose of the project. In this particular
case, both flood control and water conservation are primary purposes -
neither carn be considered as secondary or 1nczdenta1 1o the overall

" needs of the situation.

If flood control were considered the primary pmrpose of the

- recommended plan, flood+control benefits could not, by themselves,

Justify the project. Assumlng a benefit~cost ratio of 1.2 to 1,

© the justifiable average annual expenditure for flood control would

be $76,700. On the other hand, if water conservation were con-

“«sldered the primary purpose, the water~conservation benefits would

Justify the entire cost of the recommended plan, The following -
table summarizes the caleulations in the determination of allocaf S

tion of costs for the recommended plan, using the incrementsal

method,. - No separable costs are involved for either of the two
purposes, The costs allocated to flood control would be further

. allopsted in accordance with the general pollcles expressed in

acts of Congress.




Allocation of costs, recommended plan of improvement, Gila River, Camels- .
back Reservoir site to Salt River, A¥iz, (based on December 1957 prices)

. {Incremental method)

Water

1 ‘ ' : :
Primary ", . ' 1tem ; Flood , o < 1 Total
purpose . 1te : contrql . 3:2i§§ .

Flood : Separablq”005t'bf WALOLr  feeacsvescael 0 fevnveveran
control, : . conservation, I :
-+ & Flood-control bsnefits f 592,000 t.eseeriirentonsieianns

'+ {average annual), L
: Justifiable axpenditure ?6'700 :I sadr s s
: for flood econtrol : o

.t {(average annual).* :
. ¢ Allocated costs 76,700 :  $35,300
(average annual), K ' : '
Allocated first cost of : 1,075,000 : L$5,000
*construction, : :
Allocated first cost of
_rights-of-way. : -
Allocated total first  : 1,212,000
. cost, :
~Allocated maintenance
and operation,
Separable cost of
- floed control,
Water-conservation bene-
fits (average annual).
-Justifiable expenditure
for water conser-
vation.*
Allocated costs
:  (average annual),
¢ Allocated total first
: cost,
¢ Allocated maintenance
t and operation.

-

LRI B R I B BN

%112, 000
1,570,000

137,000 : 63,000
558,000
16,000 .

© 200,000

S¢ aE PR ap e e Lh wn A s sw wa

1,770,000

34,000 50,000

(13
28 40 wa ww

Water 0
conser=

vation.
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l.ll'l“.."..ltlllol_.

98 0 &8 3o 232,0% ".I"‘...l‘
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112,000 112,000
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1,770,000 : 1,770,000

50,000 50,000
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- - - LA 1
o

* Assuming a benefit-cost ratio of 1.2 to 1.

On the assumption that flood control were the primary purpose of the
recommended plan, the allocated first cost to the United States for flood
control would be 51,075,000, which is 68,5 percent of the estimated con-
struction cost., The allocated first cost to local interests for flood
control for rights-of-way would be ;137,000, The first cost to local
interests for water conservation would be 5558,000, of which §L95,000
(31,5 percent of the estimated construction cost) would be for construction
and $63,000 wuld be for rights-of -way. . .
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On the assumption that water conservation were the primary
purpose of the recommended plan, water-conservation features would
pay the entire cost of the recommended plan.

The incremental method is not considered a suitable method
of allocation of costs in this specific case, 4As indicated above,
neither of the two purposes (water conservation or flood control)
can be considered as secondary or incidental to the overall needs
of the gituation, 1In addition, this method violates one of the
principles of allocation of costs ~ that joint costs be allocated
in such a way that each purpose will share equitably in the savings
or economies resulting from the joint use,

6., RECOMMENDATIONS

The separable costs-remaining benefits method of allocation
of costs is recommended for use in this report,
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U. S. ARMY ENGINEER DISTRICT, LOS ANGELES .

* CORPS OF ENGINEERS

- RESOLUTIONS BY LOCAL INTERESTS
GILA RIVER, CAMELSBACK RESERVOIR SLTE TG SALT RIVER, ARIZ.

.-  GILA RIVER BASIN, ARIZ. AND N, MEX,

To accompany report on survey for flood contrel, Gila River,
Camelsback Reservoir site to Salt River, Ariz,, dated
December 31, 1957, '
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RESOLUTIONS 'BY LOGAL INTERESTS
GILA RIVER, CAMELSBACK RESERVOIR SITE TO SALT RIVER, ‘ARIZ,

-RESOLUTION

- WHEREAS, Section 6 of Public Law 761, 75th Congress, ~ *
approved June 28, 1938, authorized the preliminary examination and:

- survey for flood control on Glla Rlver and Trlbutarles, Arlzona and
New Mﬂxaco, and - : : ‘

:I” N WHEREAS, a prellminary examlnatlon report on Gila River and
tributaries, Arizona and New Mexicoy- 1ndlcated the advisability of a’

flood-céntrol survey of the entire Gila River Basin, including the
area along Gila Rlver from Camelsback Reservoir 81te to Salt Rlver, and

' WHERFAS, the “Senate Public WOrks Commlttee Resolutlon of ‘
August 27, 1956 requested the Board of Engineers for Rivers and Harbors
%o review the reports of the .Chief of Engineers, with 2 view to deter-
mining what further improvements for flood control and allied purposes

© were ‘advisable for ‘Gila River Basin ab this time, with particular

reference to (a) construction of a flood-control dam on Gila River at
or in the vicinity of Camelsback sité in eastern Arizonaj (b) con- -
struction of a flood-control dam at or near the Buttes smte, or'at'a-
sité ‘above the mouth of San Pedro River; -and (c) rectification of the
gila River channel downstream from thé location of that dam to the -
San Carlos Reservoir and from the Coolldge Dam downstream to the -

Ashurst-Hayden Dam; and

WHEREAS an Interlm Report on Survey for Flood Control Gila

-Rlver, Camelsback Reservair site.to Salt River, Arizona, -has been S

authorlzed by the Chzef of Englneers, United States Army, and

' WHEREAS, Sectlon 3’ of Public Law ?38, “Thth ‘Congress, prov1des
that no money appropriated shall be ‘expended on the construction of
any project until States, political subdivision thereof, or any other

- responsible local agencies have given assurances satisfactory to the _

Secratary of the Army that they will assume certaln enumerated

.obligatlons, and

s WHEREAS, Article 13, Sectlon 7 of the Constitutlon of Arizona
provides that Trrigation Districts are vested with all rights, privi-
leges and benefits granted Municipalities, and Sections 45-2321 and

152322 A.R.S. grant to Citigs and Towns the right to cooperate with
“the ‘United States for construction of floed-control projects; and -

WHEREAS, protection against flood damages would be provided
to property along the Gila River in the Counties of Graham and Pinal,
State of Arizona, by channel clearing along the Gila River between the
upper end of :Safford Valley to the Buttes Reservoir sitej
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NOW, THEREFORE, BE IT RESOLVED by the Board of Directors of
the San Carlos Irrigation and Drainage District that if a flood-control
project comprising chamnel clearing'along Gila River be found economically
feasible and be authorized by Act of Congress, the San Carlos Irrigation
and Dralnage District will participate to the best of its ability by (1)
assuming joint sponsorship of the proposed project with other appropriate
agencies and (2) attempting to arrive at an equitable distributlon
betiteen the respective agencies of those costs and items that are the
obligation of local interests. We understand that the obligations of
local interests, as their part of the proposed project, are as follows:
(a) Acquire and provide, w1thout cost to the United States, lands, -
easements and rights-of-way necessary for the construction of the project;
the cost of such rights-of-way is presently estimated at $200,000; (b)
hold and save the United States or any instrumentality, department, or
agency thereof, free from any damages arising from construction, mainte-
‘nance, and operation of the work; (¢) maintain and éperate, upon completion,
all works in accordance with regulations to be prescribed by the Sseretary
of the Army; (d) establish and enforce flood-channel limits and regulations,
_eetisfactory to 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 into a contract with the United States for
repayment of the costs allocated to water conservation; such costs, now
aestimated to be ch.9 percent of the total construction cost, to be repaid
in LO equal annual payments without interest; on the basis of present
prices, the estimated amount of #862,000 would be repaid in L0 equal
annual payments of $21,550;. the allocation of repayments to be adjueted
on the basis of actual construction costs; and

. BE IT FURTHER RESOLVED that in the event the Graham County
interests are 'unwilling to approve or to partlcipate in the project, then
this Distriet will participate to the best of its ability in assuming
joint sponsorship of a project designed to eliminate such upper valley
“areas as are unwilling -to participate. and, if such altered project be

found feasible, will lend its best efforts toward seeking sponsorship
_and approval of such altered or modified project by those other public
agencies found to be benefited thereby; and- Lo

. BE IT PURTHER RESOLVED, that thls reeolutlon be entered in the
minutes of the Board of Directors, San Carlos Irrigation and Drainage.
District, and that the Secretary of said District be, and he is hereby.
directed to forward a certified copy of this resolution to the District
Engineer, United States Army Engineer District, Los Angeles, Corps of-
Engineers, P. 0. Box 17277 Foy Station, Los Angeles 17, Celifornia.r

. Pagsed and approved by the Board of Dlrectors of the San Carlos
Irrlgation and Drainage District, Pinal County, Arizona, this 28th day
of December, 195?. | L

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

~/s/ Ed. R.‘Wildermuth L
Ed. BR. Wildermuth;- Secretary

CERTIFIGATE,‘

STATE OF mxzom )
. 88 -
COUNTY OF PINAL y

. Iy Ed. Re Wildermuth, Secretary of the Board of Directors
of the:San Carlos Irrigation and Drainage District, do hereby certify
the foregoing to be a full, true and correct copy of a resolution -
passed by the Board. of Dlrectors at a special meeting held in the -
office: of the District at Coolldge, Arlzona, on December 28 1957. :

WITNESS -my hand and seal of the San Carlos Irrigatlon ahd
, Drainage DlStrlCt this 28th day of December, 1957, ‘

@ B ©/s/ Bd. Rs Wildermath -
E : B4R Wildermath, Secretary .

'




RESOLUT ION

WHEREAS, Section 6 of Public law 761, 7Sth Congress, approved
June 28, 1938, authorized the preliminary examination and survey for
flood control on Gila River and tributaries, Arizona and New Mexlco,
and . : o

WHEREAS, a preliminary examination report on Gila River and
tributaries, Arizona and New MGXlCO, indicated the advisability of
a flood-control survey of the entire Gila“River Basin, including the
arsa along Gila River from Camelsback Reservoir site. to Salt River;
and

-~ WHEREAS, the Senate Public Works Commitiee Resolutlon of
August 27, 1956, requested the Board of Enginsers for Rivers and
Harbors to review the reports of the Chief: of Engineers, with a view
to determining what further improvements for flood control gnd allied
purposes were .advisable for Gila River Basin at this time, With par-
ticular reference to (a) ¢construction of a fleod-control dam on

Gila River at or in the vicinity of Camelsback site in eastern
Arizona; (b) construction of a flood-control dam at or near the Buttes
site, or at a site above the mouth of San Pedro River; and (¢). - .
rectification of the Gila River channel downstream from the location
of that dam to the San Carlos Reservoir and from the Coolidge Dam
downstream to the Ashurst-Hayden Dams and

WHEREAS, an Interlm Report on Survey for Flood Control, Gila
River, Camelsback Reservoir site to Salt River, Arizona, has been
authorized by the Chief of Engineers, United States Army; and

WHEREAS, Section 3 of Public Law 738, 7Lth Congress, provides
that no money appropriated shall be expended on the construction of
any project until States, political subdivisions thereof, or any other
responsible local agencies have given assurances satisfactory to the
Secretary of the Army that they will assume certain enumerated
obligations; and

WHEREAS, the laws of the State of Arizona permit irrigation
districts to cooperate with the United States in the construction of
flood control projects and other purposes; and

WHEREAS, protection against flood damages would be provided to
property along the Gila River in the Gila Valley Irrigation District
by channel clearing along the Gila River between the upper end of
Safford Valley to the Buttes Reservoir site; and

NOW, THEREFCRE, BE IT RESOLVED by the Board of Directors of the
Gila Valley Irrigation District that if a flood-control project
comprising channel clearing along Gils River be found economically
feasible and be authorized by Act of Congress, the Gila Valley
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Irrigation district will participate to the best of its ability by

(1) assuming Joint sponsorship of the proposed project with the

San Carlos Irrigation and Drainage District and other interested
partiss, and (2) attempting to arrive at an equitable distribution
between the respective groups of those costs and items that are the
obligation of local interests. We understand that the obligations of
local interests, as their part of the proposed project, are as follows:
(a) Acquire and provide, without cost to the United States, lands,
eazements, and rights-of-way necessary for the construction of the
project; the cost of such rights-of-way is presently estimated at
%200,000; (b) hold and save the United States or any instrumentality,
department, or agency thereof, free from any damages arising from con-
struction, maintenance, and operation of the work; {c¢) maintain and
operate, upon completion, all works in accordance with regulations to
be prescribed by the Secretary of the Army; (d) establish and enforce
flood~channel limits and regulations, satisfactory to 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 into a contract with the United States for repayment of the costs
allocated to water conservation; such costs, which amount to 54.9
percent of the total construction cost, to be repaid in L0 equal annual
payments without interest; on the basis of present prices, the estimated
amount of {862,000 would be repaid in LO equal annual payments of
$21,5503 the allocation of repayments to be adjusted on the basis of
actual construction costs; and R

ON BEHALF of the Gila Valley Irrigation District this approval
is conditional and tentative and is dependent upon an over-all project
to include the building of a dam in the vicinity of Camelback, and that
a proper agreement with respect to the use of the salvaged water and
who pays for what and how much, between the two irrigation districts,
and that the rights under the Gila Decree be not impaired or modified
without an agreement; and

BE IT FURTHER RESOLVED, That this resolution be entered in the
minutes of the Gila Valley Irrigation Distriect, and that the Secretary
of said District be and he is hereby directed to forward a certified
copy of this resolution to the District Engineer, United States Army
Engineer District, 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
Irrigation District this 6th day of January, 1958.

GILA VALLEY IRRIGATION DISTRICT

/s/ M. J. Ferguson

President

/s/ Emil Crockett

Secretary

(SEAL)




