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ON

SYLLABUS

REPORT OF THE DISTRICT ENGINEER

••

R. 7/17/58i

The district engineer finds that a flood menace exists along
the Gila and Salt Rivers from Gillespie Dam to Granite Reef Dam.
He also finds that the river-bottom growth within the channels of
the Gila and Salt Rivers not only greatly adds to the flood hazard
but also, by transpiring large volumes of water annually, greatly
depletes the ground-water supply.

GILLESPIE DAM TO McDOWELL DAM SITE, ARIZONA

INTERIM SURVEY FOR FLOOD CONTROL, GILA AND SALT RIVERS,

After investigation of the various prospective solutions to the
above problems, the district engineer finds that the most suitable
plan at this time would consist of levees and channel improvements
to provide a reasonable degree of flood protection, and to conserve
water by eradication of water-consuming vegetation as a part of the
ch&~el improvement work. The plan would include short levees along
Salt River between 40th Street in Phoenix and Tempe Butte in Tempe,
and improvement of the Gila and Salt River channels from Gillespie
Dam upstream to Granite Reef Dam.

The district engineer estimates the total Federal first cost
of the project at $3,360,000 (October 1957) comprising $3,300,000 to
be spent for construction and $60,000 already spent for preauthorization
stUdies; and the total non-Federal first cost at $210,000 (October
1957). He estimates the total average annual charges at $1~,900,
inclUding an average of $53,000 annually for maintenance and operation
of the levee and channel lmprovements. He estimates the average -annual
benefits that would accrue from flood control and incidental water
conservation at $354,000. He states that the ratio of average annual
benefits to average annual charges would be 1.98 to 1. He concludes
that the project would be justified on the basis of the tangible
benefits. Consideration of the intangible benefits would add weight
to the justification.

The district engineer investigated the feasibility of the
addition of flood-control storage to a terminal-storage reservoir
at the McDowell site on Salt River. He concludes that the inclusion
of sufficient flood-control space in a reservoir at the McDowell
site to control the standard project flood would be justified in
conjunction with development at that site of the terminal storage
for the reclamation project proposed in House Document 136,
81st Congr~ss, 1st session. Such flood-control space would be a
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INTERIM SURVEY FOR FLOOD CONTROL, GILA AND SALT RIVERS,

After investigation of the various prospective solutions to the
above problems, the district engineer finds that the most suitable
plan at this time would consist of levees and channel improvements
to provide a reasonable degree of flood protection, and to conserve
water by eradication of water-consuming vegetation as a part of the
ch&~el improvement work. The plan would include short levees along
Salt River between 40th Street in Phoenix and Tempe Butte in Tempe,
and improvement of the Gila and Salt River channels from Gillespie
Dam upstream to Granite Reef Dam.

GILLESPIE DAM TO McDOWELL DAM SITE, ARIZONA

The district engineer finds that a flood menace exists along
the Gila and Salt Rivers from Gillespie Dam to Granite Reef Dam.
He also finds that the river-bottom growth within the channels of
the Gila and Salt Rivers not only greatly adds to the flood hazard
but also, by transpiring large volumes of water annually, greatly
depletes the ground-water supply.

The district en ineer estimates the total Federal first cost
of the project at $3,360,000 (October 1957) comprising $3,300,000 to
be spent for construction and $60,000 already spent for preauthorization
stUdies; and the total non-Federal first cost at $210,000 (October
1957). He estimates the total average annual charges at $178,900,
inclUding an average of $53,000 annually for maintenance and operation
of the levee and channel lmprovements. He estimates the average annual
b~nefits that would accrue from flood control and incidental water
conservation at $354,000. He states that the ratio of average annual
benefits to aver~e annual charges would be 1.98 to 1. He concludes
that the project would be justified on the basis of the tangible
benefits. Consideration of the intangible benefits would add weight
to the justification.

The district engineer investigated the feasibility of the
addition of flood-control storage to a terminal-storage reservoir
at the McDowell site on Salt River. He concludes that the inclusion
of sufficient flood-control space in a reservoir at the McDowell
site to control the standard project flood would be justified in
conjunction with development at that site of the terminal storage
for the reclamation project proposed in House Document 136,
Blst Congress, 1st session. Such flood-control space would be a

-.1
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desirable supplement to the above levee-and-channel improvement plan
in order to insure an adequate degree of flood protection in the
future for the rapidly growing urban area in the vicinity of Phoenix.

The district engineer is of the opinion 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 allocated to water conservation, and such reimbursement should
be made in 40 equal annual payments without interest. On the basis
of October 1957 prices, the estimated amount of $825,000 would be
repaid in 40 equal annual payments of $20,625.

The district engineer recommends that a £iood-control project
comprising levee and channel improvements along the Gila and Salt
Rivers from Gillespie Dam to Granite Reef Dam, as outlined above,
be authorized for construction by the Corps of Engineers, United
States Army, subject to the condition that local interests furnish
assurances satisfactory to the Secretary of the Army that they will
pay for the cost of highway and utility relocation; provide necessary
lands, easements, and rights-of-w~; repay, to the United States,
25 percent of the total construction cost in 40 equal annual payments
without interest (the exact amount of the annual payments, presently
estimated at $20,625, 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, will deposit such funds' in
the Treasury of the United States as miscellaneous receipts); main­
tain and operate the levee and channel improvements in accordance
with regulations to be prescribed by the Secretary of the Army;
keep the flood channel of the Gila and Salt Rivers free from
encroachment; hold and save the United States free from all-damages
arising from construction and operation or th~ work; and adjust all
water-rights claims resulting from construction, operation, and
maintenance of the improvements.

The district engineer also recommends that, because of the
special circumstances wherein the water-conservation benefits would
be reali~ed, the 160-acre limitation in ownership of lands benefit­
.ing from the water-conservation features of the project should not
be applied as a prerequisite for this project's qualifying for
interest-free funds.

The district engineer further recommends that, in the event
McDowell Reservoir, proposed in House Document 136, 81st Congress,
1st session, is adopted far construction, the design be modified
to provide such additional flood-control storage as is determined

. to be needed and justified at that time.

i1
R. 2/24h



to mouth .

Streamflow records .

CONTENTS

16

17

17
17

Page
--1

2
2
2
2
2
3
3
3
3
3
4
4
5
5
5
5
6
6
7
8
9
9
9

10
10
10
12
12
12
12
13
14
14
14
14
15
16
16
16
16

·..
·..

·..

·..

·..
·..
·..
·..

·..

·..

....

....

, .

. .

.....

. .

. .

. .

... " .

. .

........

. .

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

• • iIll •••••

· .
· .

..........' .

..

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

.....

iii

........

. .

. .

of record .

Sll1l1l11ary • • • • • • . • • • • • . • . • • • • • . • • • • • • • • • • • • • • • • • • •

Maps ••••••.•.••••.

Streams .
Location and extent •••••••

Topography.••.....•.••• , •.•.•..•••.•..
Geology and soils .•••••••
Stream characteristics •••••••
VBgetation•••••••.

Precipitation records •••
Storms .

Agriculture. . . . . . . . . . . . . . . . . . . .
Irrigat~i.()n .. ,', .
Water· rights ..•...........................
Power .•.••..•.............................

Snow•••••

Economic development .......................................•
Population.........................•...
Occupations and industries ••
Land use and development •.•.••

Authority , .
Scope of survey•.

General •••••••
Topographic surveys and mosaics •••••••••••••••••••.••••
Site investigations and explorations •••••••••••
Economic and other investigations ••••••••••••.•

Prior reports................. . .
Description .

Overflow area along Gila River, Salt River to
Gilles pie Dam .

Overflow area along Gila River, Gillespie Dam to
upper end of Painted Rock Reservoir site •••••

Transportation facilities ••••••••
Climatology : .

General .

Adequacy of streamflow for multiple-purpose uses •••••••
Floods .

Floods
Flood· characteristics •••••
Flood frequencies •••••••••
Standard project flood ••••••
Maximum probable flood ••••••••••••••••••

Extent and character of overflow area ••••••••
Location and extent •••••••••••••
Type and value of improvements .••.•••••••.•••.•.•.•.•••

Overflow area along Salt River, McDowell Dam site

Runoff and streamflow data ••••••••



CONTENTS--Continued

Flood damages .......•................. ~ ....................•
Damages from pas t floods ..............................•
Damages from future floods--1957 conditio~s••••••••••••
Damages from future floods--average future conditions ••
Average annual damages from future floods ••••••••••••••
Intangible damages from future floods ••••••••••••••••••

Existing Corps of Engineers flqod-control projects ••••••••••
EXisting improvements by other Federal and non-Federal

agenCl.es .••................................•..............
. ,Flood-control improvements ••••••••••••••••••••••••
, . Other improvements •...... ~ ...............•......••

Proposed improvements affecting the problem ,•••••••••
Gila River 'Basin above Salt .River •••••••••••••••••

~ Salt River Basin................................••
r·mprovements desired '._

Pu.blic hearing .
Improvements desired by local 'interests ••• ,••••• , •••••••
Reasons advanced in justification of improvements

desired ~ .
Flood problems and reiated problems ••••••••••••••••.••••••••

Flood. problems .•........................•.•..•....•...•
Water-conservation problems •••••••••••.••••••••••••••••
Methods of improvement considered •••••••••.••••••••••••

Plans of improvement considered•••••••••••••••••••••••••••••
General .................................•............••
Short levees along Salt River behleen 40th Street,

Phoenix, and Tempe Butte, Tempe; and channel improve­
ments along Gila and Salt Jtivers from Gillespie Dam
to Granite Reef Dam (recommended plan) •••••••••••••••

Short levees along Salt River between 40th Street,
Phoenix, and Tempe Butte, Tempe; channel improve­
ments along Gila and Salt Rivers from ,Gillespie Dam
to Granite Reef Dam;, andflaop.-c,ontrol storage
added to the propose~ terminal-storage reservoir
at" the McDOW'ell site .

Levees along Salt River b etw.een ,27th Avenue, Phoenix,
and Tempe Butte, Tempe; ~d channel improvements
along Gila and Salt Rivers from Gillespie Dam to
Granite Reef nBin.......•...•........................•

Recreational developn1ent...................................•
Estimates of fi:rst cost .
Estimates of annual charges ••••••••••••.•••••••••••.••••••••
Estimates of benefits •............••............. ~ .......•.•

Tangible benefits .
Benefits from prevention of flood damage •••••••••••••••
Benefits from water conservation.~••••••••••••••••.••••
IntangibIe benefits ;· .•......•
S1lIl1JTlary of benefits ......................•..•........••

iv

Page
19
19
19
22
23
23
24

25
25
25
27
27
27
28
28
28

28
28
28
29
30
30
30

31

32

34
35
35
37
39
39
40
40
41
41



v
R. 3/20/58

No. Title
L Hydrology (18 plates)
2. Geology and soils (4 plates)
3. Bases for design (13 plates)
4. Cost estimates
5. Benefits from improvements (7 plates)
6. Use of water by phreatophytes in 2,OOO-foot channel between

Granite Reef and Gillespie Dams, Maricopa County, Ariz.
(9 plates)

7. Allocation of costs
8. Resolution by local interests
9. Comments of other agencies

pafj

43
45
45
47
47
48
52
53

Title

PLATES

LIST OF APPENDIXES MADE IN CONNECTION 1 ITH REPORT

Index map
Gila River Basin

Discussion .

CONTENTS--Continued

No.
1.
2.

Conclus ions .
Recornmendationa ...................•....................•

Comparison of benefits and costs •••••.•..•...•••..•....•
Justification of improvements considered •.••.•.••••
Comparison of plans .

Allocation of costs .
Proposed local cooperation•••••.••.••.•.••.•..••.•....••
Coordination with other agencies ••.••.•••••..••.•......•



AUTHORITY

To: The Chief of Engineers, United States Army.

Subject: Interim report on survey for flood control, Gila and Salt
Rivers, Gillespie Dam to McDowell Dam site, Arizona.

**i~-

*~-

Gila River and tributaries, Arizona and New Mexico.

1. This report is submitted pursuant to act of Congress, Public
Law 761, Seventy-fifth Congress, approved June 28, 1938, which reads
in part as follows:

Through: The Division Engineer, United States Army Engineer Division,
South Pacific, San Francisco, Calif.

UNITED STATES ARMY CORPS OF ENGINEERS,
OFFICE OF THE DISTRICT ENGINEER,

LOS'ANGELES DISTRICT,
Los Angeles, Calif., December 4, 1957.

SEC. 6. The Secretary of War is hereby authorized and directed
to cause preliminary examinations and surveys for flood control includ­
ing floods' aggravated by or due to tidal effect at the following-named
localities, and the Secretary of Agriculture is authorized and directed
to cause preliminary examinations and surveys for run-off and water­
flow retardation and soil-erosion prevention on the waterSheds of such
localities; ~~~~~:

2. A preliminary examination report on Gila River and tributaries,
Arizona and New Mexico, dated January 10, 1939, was submitted by the
district engineer in accordance with the act mentioned in the preced­
ing paragraph. The report, which was reviewed by the Board of Engineers
for River and Harbors, is the basis of authorization, dated April 18,
1939, by the Chief of Engineers for a report on a flood-control survey
of the entire Gila River Basin.

, .

. ,

3. The survey for the entire basin is being covered in seven
interim reports, two review reports, and a final comprehensive report 0

Interim reports have been submitted as follows: Tucson, Ariz., and
vicinity, dated November 20, 1945; Queen Creek, Ariz., dated February
2,1946; Gila River and tributaries below Gillespie Dam, Ariz., dated
September 1, 1948; and lower Agua Fria River and vicinity, Arizona,
dated December 10, 1952. Two additional interim reports covering
(a) Pinal Creek and tributaries and (b) Gila River, Camelsback
Reservoir site to Salt River, Ariz., have recently been started.



This interim report, the seventh, considers the area along Gila River
from Gillespie Dam to the mouth of Salt River and the area along Salt
River from its mouth to the McDowell Dam site. Review reports to
consider the Gila River and tributaries, Arizona, downstream from
Painted Rock Reservoir site, and Gila River and tributaries in the
vicinity of Tucson, Ariz., were authorized in 1954 and 1955, respec­
tively. Work on these revi'ew reports is under way. The final com­
prehensive report will include summaries of findings and conclusions
in all interim and review reports, consideration of problems in area
not covered in any interim report, and analysis of the interrelation
of problems and plans of improvement in all parts of the Gila River
Basin.

SC OPE OF SURVEY

4. General.--The survey described in this interim report was
made to consider (a) the need for flood control and (b) the solution
of the flood problems in that part of the Gila River Basin, Ariz.,
that is along Gila and Salt Rivers between Gillespie Dam and McDowell
Dam site. Consideration was given to the preservation and protection
of established and potential uses of water and to the development of
comprehensive and coordinated projects for improvement.

5. Topographic surveys and mosaics .--Aerial surveys of Gila and
Salt Rivers from Gillespie Dam to McDowell Dam site were made by the
Corps of Engineers in 1949. Cross sections of the river chanrel were
taken at intervals of approximately 1 mile. Reconnaissance surveys
of McDowell Dam site were made; detailed topographic surveys of the
dam site were made by the United States Bureau of Reclamation.

6. Site investigations and explorations.--Geological reconnais­
sance of the McDowell Dam site was made by the Corps of Engineers.
Logs of holes drilled at the site were supplied by the United States
Bureau of Reclamation. Power-auger borings along the alinement of
the Salt River levees considered were made by the Corps of Engineers.
Samples of existing gravel pits near the city of Phoenix were analyzed.
Adjacent areas from which adequate quantities of suitable embankment
material for the levees considered and of suitable soils ani aggre­
gates that might be feasibly transported to McDowell Dam site were
explored. Details of the subsurface explorations are given in
Appendix 2: Geology and Soils.

7. Economic and other investigations.--Newspaper accounts of
past floods were analyzed to determine the extent of overflow and
damage from past floods. Field investigations were conducted to
determine the extent of overflow from future floods and the type and
value of property in the overflow areas. Assessed valuations of
properties in the overflow areas were obtained and true valuations
were estimated. Economic studies included analyses of crop values
and farming costs. Local interests were interviewed about property
values, agriculture, use and availability of ~ater, and flood damage.
A field inspection of the area was made by the district engineer.

2



PRIOR REPORTS

8. No prior survey reports on nood control in the Gila River
Basin between Gillespie Dam and McDowell Dam site have been submitted
to Congress by the United States Army Corps of Engineers.

DESCRIPTION

9. Location and extent.--The Gila River Basin, the largest
drainage area tributary to lmler Colorado River, includes the southern
half of Arizona and a part of southwestern New Mexico. (See pl. 2.)
The drainage area of the basin comprises' about 58,200 square miles,
.5,600 of which are in New Mexico, .51,.500 in Arizona, and 1,100 in
Sonora, Mexico.

10. The part of the Gila River Basin under consideration in
this report comprises the Salt River Valley between McDowell Dam site
(river mile 46) and the mouth of Salt River,' and the Gila River Valley
from the mouth of Salt River (river mile 198) to Gillespie Dam (river
mile 164). The drainage areas' of Salt River at McDowell Dam site and
at the mouth are 12,900 and 13,700 square miles, respectively. The
drainage area of Gila River at Gillespie Dam is 49,600 square miles.
The Gila River Valley between Gillespie Dam and the upper end of the
authorized Painted Rock Reservoir (now under construction) was also
considered in this report because of the effect of a dam at the
McDowell site on this area. (See, index map, pI. 1, and map of Gila
River Basin, pl. 2.) ,

11. Streams.--Gi1a River, the main stream in the drainage area,
rises on the west slope of the Continental Divide in southwest New
Mexico am nows generally westward about 650 miles to a point on
Colorado River about 11 miles upstream from the California-Mexico
bouniary. The principal tributaries that join the main stream up­
stream from Salt River include the following streams: San Francisco
and San Carlos Rivers, which enter the main stream from the north;
and San Simon Creek and San Pedro and Santa Cruz Rivers, which enter
from the south. The principal tributaries that. join the main stream
in the area under consideration in this report include Salt, Agua
Fria, and Hassayampa Rivers, and Centennial Wash, which enter Gila
Ri'v.er from the north. The principal tributaries of Salt River up­
stream from McDowell Dam site include Tonto 'Creek and Verde River.
No major streams enter Salt River downstream from McDowell Dam site.
The headwaters of Salt and Gila Rivers are perennial. Surface flow
in other parts of the drainage area is mostly intermittent.

12. Topography.--The area along Gila and Salt Rivers from
Gillespie Dam to McDowell Dam site is part of an alluvial valley
that is very favorable for agricultural development. In the drainage
area above Gillespie Dam, the mountains,' in the headwaters of Verde
River, rise to a maximum elevation of l2,600·feet. The divide, in
general, ranges in elevation from 3, 000 ,to 9,000 feet along the south
side of the bas in, and from' 7,000 to 9,.000 feet along the nor th and

.. :-",
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northeast sides. The mountains are rugged and precipitous, and the
valleys are sufficiently level to be favorable for agriculture.

13. Geology and soils. --The area drained by Gila and Salt
R:i,vers is part of the Basin and Range Province, which covers a large
part.of southwestern United Stat~s. The surface of the area is a
series of broad, connected desert valleys and plains, from which
rise numerous hills and short, isolated mountain ranges. South of
the area, a highland with similar topography extends many miles into
Mexico. On the north, rugged mountains separate the area from the
upland province known as the Colorado Plateau.

. 14. The rocks that form the hills and mountains and underlie
the valleys and plains are chiefly great masses of Pre-Cambrian,
metamorphose granites and volcanics, with which occur minor amounts
of:sedimentary rocks. During the Tertiary period, much block fault­
ing occurred in this region and structural valleys were formed
between the upthrown moUntain blocks.

15. The intermontane valleys and plains are deeply filled with
alluvium consisting of poorly assorted, coarse sediments interbedded
with silt and clay. The soil in the valleys is fertile; and, where'
water, without a high saline content is available for irrigation, the
crop yields are high. The areal ,extent of sediments'in the Salt
Riv~r Valley and adjacent parts of the Gila River Valley totals .
several thousand square miles and includes the broad plain extending
southward from 'Mesa and Chandler to Gila River. The maximum thickness
of these sediments has not been determined but is known to exceed
1,300 feet at one point. Additional information on geology and soils
in the Gila River Basin and detailed information on geology and soils
at the McDowell Dam site and at the site of recommended levee and
chanpel improvements are given in Appendix 2: Geology and Soils.

. 16. Stream characteristics.--In general, stream slopes in the
Gila River Basin are not excessive. The gradients of Gila River and
of most of the secondary streams are steep near the headwaters and
de.crease progressively downstream. The average slopes of Gila and
Salt Rivers from the headwaters to their mouths are 13 and 25 feet
per'~mile, respectively. The average slope of Salt River from

'McDowell Dam site to its junction with Gila River is about 9 feet
per mile; the average slope of Gila River from Salt River to Gillespie
Dam is about 5.5 feet per mile.

17. The channel capacity of Salt River from McDowell Dam site
to its mouth is about 50,000 cubic feet per second. Normal flows
meander over the bottoms of wide channels of various depths; major'
floods overflow the banks and spread over an area from 1 to 3 miles
wide. Large flows are infrequent and the channel is partially
blocked by sandbars and river-bottom growth.

18. In the area along Gila River from the mouth 'of Salt River
to Gillespie Dam, the now meanders over the nat bottom of a trench
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5 to 20 feet deep and 1/2 to 1 mile wide. However, most of the
channel bottom is overgrown with phreatophytes, principally salt­
cedar. This river-bottom growth has increased the aggradation of
the channel and has restricted the channel to such an extent that
flows in excess of 20,000 cubic feet per second will overfl~l and
inundate the adjoining cultivated'area. The overflow area of the
standard project flood would.range £rbm 1 to 2-1/2.milesi~width.

19. The channel capacity of Gila River from Gillespie Dam to
the upper end of the authorized Painted Rock Reservoir (now under
construction) is about 50,000 cubic feet per second. Flows in excess
of this amount will inundate adjoining land and spread over an area
from 1/2 to 2 miles wide.

20. Vegetation.--T~e type, density, and distribution of vegeta­
tion in the Gila River Basin reflect the differences in elevation,
temperature, and precipitation. In general, the desert vegetation
is sparse. The principal desert vegetation is cacti, creosotebush,
and sagebrush. Saltcedar, mesquite, and arrowweed grow in dense
thickets in stream bottoms and other areas where the water table is
near the surface of the ground. Grasses interspersed with desert
and semidesert shrubs grow at elevations ranging from 3,000 to 8,000
feet, but the density of vegetal cover is low below 4,500 feet and
only fair at higher elevations. Overgrazing has destroyed much grass,
which has been replaced by rabbitbrush and snakeweed over large areas.
Chaparral, oak, pinon, and juniper grow at elevations ranging from
4,000 to 7,000 feet. Aspen and conifers, such as fir, spruce, and
pine, are common above elevations of 6,000 feet.

21. Maps.--Maps of the Gila River Basin that were prepared by
agencies of the Federal Government, by the State of Arizona, and by
local interests were used in the preparation of this report. Maps
included as plates to this report are as follows: Plate 1, Index
Map, Gila and Salt Rivers, Gillespie Dam to McDowell Dam site, Arizona;
and plate 2, Gila River Basin. Additional maps prepared for special
use in connection with this report accompany appendixes to this report.

ECONOMIC DEVELOPMENT

22. Population.--The area affected by improvements considered
in this repo~t lies entirely in and includes most of Maricopa County,
Ariz. Population in this area has increased steadily from 1900 to
1950 and has continued to increase at a rapid rate since that date.
According to the United States census, the Maricopa County popula­
tion was about 20,000 in 1900, 90,,000 in 1920, 186,000 in 1940, and
332,000 in 1950. A local agency estimates the 1957 population of the
county at 550,000. A number of cities, including PhoeniX, the capital
and largest city in the State of Arizona, would be affected by the
improvements considered. The following table gives the 1950 popula­
tion for these cities, for the Phoenix urban area, and for Maricopa
County. Population estimates for 19j7, where available, are also
given.
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1950 and 1957 populations in area affected by the improvements con­
sidered in the interim report on survey, flood control, Gila and

Salt Rivers, Gillespie Dam to McDowell Dam'site, Arizona
. ,.\ ..... ~ J f, , .

~.H~550, 000, .
-lH~172 , 000
-lH~370, 000

( ,,'L~.)
'. i,?\7\

(-lh'B'r)
(-lHH~ )

" (-lh-i.l~),

(';~H~ )

Population

1950 1951

331,770
*106,818

-lH~230,000

16,790
8,179
7,684
3,799
3,042

. :
----~-----....-.......

, ..

..'

Marie cpa County ' ot••••••••" •••• 0 :

Phoenix: ..........................•.......... :
Phoenix urban area :
Mesa•••••••••••.•..•••••••.• •~•.•....• , .•.••• :
Glendale :
Tempe. • . . • • . • ; • • . . . . . • .. • • . . • •.•• ~ • . . . • . . •••• :
Chandler•..................... ~ :
Toll~son•• , .••....••.•.•••.••••.••.........• :

-l~ A special census for the city of Phoenix made in March 1953
ind~cated a population of 128,840 in the city•
. -lH~ Estimate'made by Valley National Bank, Phoenix, 'Ariz.

-rr-lHl- Estimate not available. '

,23., Occupations and.industries.--The principal activities in
the Salt and Gila River Valleys from McDowell Dam site to Gillespie
Dam 'are agriculture and stock raising. About 300,000 acres were
irrigated in the area in 1956, providing an annual gross crop value
of about $85,000,000. The gross value of livestock in December 1953
was about $15,000,000. The city of Phoenix is the trade and service
center for most of the State of Arizona. The estimated value of
retail sales in Maricopa County in 1956 was $705,000,000, which was
over '50 percent of the State total. The estimated manufacturing pro­
duction in Arizona in 1956 was $400,000,000, of which about 50 percent
accrued in Maricopa County. Several large sand-and-gravel plants are
located in the riverbed of Salt River.

24. Land use and'development.--Irrigation of the Salt River
Valley by white settlers began in 1867 soon after Arizona was given
territorial status. "'Tater was diverted to lands on the north bank
of Salt River, near the site of the city of Phoenix. By 1871, staple
crops were being produced on about 1,700 acres, and the new town of
Phoenix had a population of about 300. The Santa Fe railroad was
completed across northern Arizona to Colorado River in 1883, and in
1887 this line extended a branch to Phoenix. In 1900, Phoenix, with
a population of 5,544, was the seat of the territorial government.

25. Duri~g the period 1890 to 1910, agriculture and associated
industries expanded rapidly but spasmodically. ,Although the annual
flows of the stream l.vere more than adequate to supply the areas then
irrigated, wide variations in flows occurred., Sudden rains would swell
the streams to flood proportions, from l..rhich they would dwindle to
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26. Development of lands along Gila River below the mouth of
Salt River started at the same time as development of lands along
Salt River. The first irrigation canal in this area was built in
1886, and the settlement' of Buckeye was founded about the same time.
In 1921, the Gillespie diversion dam was built to serve about 16,000
acres of land, mainly on the left bank in the vicinity of Gila Bend•

.'

27. Agriculture.--The agricultural economy of the valleys along
Salt and Gila Rivers is well stabilized, and the farmers are generally
prosperous, although they experience serious losses because of floods
and water shortages. The supply of irrigation-water under present
conditions is not sufficient to provide a full supply of good quality
water to the entire acreage under cultivation!. The excess acreage
has been kept in production temporarily by overdrafts on ground-water
storage and by failure to make .adequate releases to maintain a suit­
able salt balance in the area. A reduction in use to fit the yield
and salt-balance requirements would greatly reduce the production of
agricultural crops.

Acres
~,OOO

193,000
217,000
227,000
225,000
192,600

Area in
cultivationYear

1910••••••••••••••.•••.••. ~ •••.•••.••.•..••••••••• :
1920•. It It ••••••• It •••••••••• It ••••• It •••••••• It •••••••• :

1930 " :
1940. "f ••••••••• " :

1950 :
1956 " :

meager streamlets during the dry period. The agricultural economy
was one of alternate prosperity and failure. Time after time, floods
carried away the diversion dams, many of which had to be replaced
every year. By the time these structures were re~ired, the stream­
flow would in many cases be insufficient to irrigate crops in the
area, or the crops had withered and died from the intensity of the
desert sun. After the passage of the Reclamation Act of 1902, the
Salt River project was constructed by the Bureau of Reclamation from
1903 to 1911. Granite Reef diversion dam was completed in 1908, and
Roosevelt Dam was completed in 1911 with resultant impetus to agri­
cultural developnent and stability for urba'tl and industrial growth.
Further developments by the Salt River Valley Water Users' Association
from 1920 to.1930 provided relatively cheap electric power. As a
result, irrigation of new lands by pumping from wells expanded rapidly.
Development of the Salt River project, which comprises most of the
irrigated lands along Salt River, is shown by the following table:

Area in cultivation, Salt River project (1910-56)



28. Facilitated by the mild winters and a long growing season,
the area is adapted to a wide range of agricultural crops. Princi­
pal crops include alfalfa, bariey, cotton, flax, sugar beets, citrus
crops, and truck crops, such as lettuce, cantaloupes, watermelons, and
carrots. Many acres are double-cropped. During 1956, the gross value
of crops in the Salt River project was about $55,300,000 for 192,600
acres, or about $287 per acre.

29. Irrigation.--Agricu1ture along the Salt and Gila Rivers
from McDowell Dam site to Gillespie Dam is entirely dependent on
irrigation. Most of the irrigated lands have gentle slopes; they
are favorable for the distribution of water and for surface and
underground drainage. The extensive irrigation works constructed
by the prehistoric occupants of the basin and the existing develop­
ment both emphasize the favorable conditions for growing crops by
irrigation.

30. In the area under consideration, irrigation water is
obtained by surface diversions supplemented by pumping from the
underground supply. Along Salt River, water is diverted from the
river to the two main canals at Granite Reef Dam, which is down­
stream from the confluence of Verde and Salt Rivers. The combined
capacities of the Arizona canal, serving the north side, and the
Southern canal, serving the south side, permit the diversion of
all flows up to 4,000 cubic feet per second. The irrigation flow
is regulated by Bartlett and Horseshoe Dams on Verde River, and
Roosevelt, Horse Mesa, Mormon Flat, a,nd Stewart Mountain Dams on
Salt River. Lands in the Roosevelt Water Conservation District
and the Roosevelt Irrigation District are also served by the diver­
sion at Granite Reef Dam. Along Gila River, Buckeye and Arlington
diversion structures and canals serve the Buckeye and Arlington
Valleys, respectively. Gillespie Dam diverts the surface flow to
lands of the Gillespie Land and Water Co. on the left bank and to
lands supplied by the Enterprise canal on the right bank. Minor
diversion structures, canals, and pumps serve the small irrigation
districts along the Salt and Gila Rivers.

31. Use of ground water for the irrigation of lands in this
area has increased rapidly since 1935. In 1956, about 45 percent
of the total supply was obtained from wells. In the Salt River
project in 1956, a total of 517,000 acre-feet were delivered from
264 wells.

32. The quantity of water applied annually to an acre of
irrigated land varies Vli. th type of soil, kind of crops, efficiency
of farm management, and amount of water available. The net duty
of water varies from about 2.3 acre-feet per acre for truck crops
to about 5.0 acre-feet per acre for alfalfa ana grain. The average
net duty of water is estimated at about 4.0 acre-feet per acre,
measured at the farmer's headgate.
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33. Water rights.--The water code of Arizona recognizes that
both surface flow and underground waters flowing in definite channels
belong to the public and are subject to appropriations governed by
beneficial use. Percolating water in undefined channels is the
property of the overlying -land and is not subject to appropriation.

34. Water rights within the Salt River project are adjudicated
under the Kent Decree, entered March 1, 1910. The Benson-Allison
Decree of November 14, 1917, adjudicated water rights between the
various users of water diverted by several ditches, including the
Buckeye canal, from the Salt, Agua Fria, and Gila Rivers. Various
arrangements have been made between the water users under these
rights and the Salt River project for the delivery of their waters.
A court decree effective January 1, 1944, fixed the amount of water
that should be delivered to the Buckeye district by the Salt River
project as ~.l percent of the water actually diverted at Granite
Reef Dam.

35. One of the most significant features in the use of irriga­
tion water, and one that has grown in importance during the recent
years of deficient water supply, is the increasing amount of pumping
from underground storage to compensate for deficiencies in streamflow.
Many pumping installations have been made indiscriminately according
to individual requirements. Extension of this practice has led to
overdeve10pment and overdraft from ground-water sources of supply.
In 1948, the Arizona Legislature passed an act authorizing the State
Land Commissioner to designate critical ground-water areas for which
adequate factual data indicate that the ground-water supply has been
overdeveloped. After establishment of a critical area, no person is
permitted to construct any irrigation well in that area without a
permit, and no permit is to be issued for construction of any well
that would tend to increase the acreage irrigated.

36. Power.--Most of the power used in the area under considera­
tion is obtained from local sources. Power is obtained from the
Salt River Project Agricultural Improvement and Power District and
from the Arizona Public Service Company. To develop power, advantage
is taken of the entire 723-foot fallon Salt River from high water
level at Roosevelt Lake to tai1water below Stewart Mountain Dam.
The combined generating capacity at the 4 struct~res is about 62,800
kilowatts. A standby diesel plant and modern steam plants are the
other local sources of supply. In addition, the 2 local distributing
agencies have contracts with the Arizona Power Authority and the
United States Bureau of Reclamation, which obtain power from Parker
and Davis Dams on Colorado River. A complete transmission and dis­
tribution system provides power for domestic use (including city and
rural use) and for irrigation pumping. In general, the power supply
(existing and contemplated) is adequate for the needs of the area.

37. TransE~rtation facilities.--Arterial highways and railroads
connect the areas along Gila and Salt Rivers with centers of manu­
facturing and commerce throughout the nation. United States
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Highways Nos. 60, 70, and 80 cross the area on their routes from
the Pacific coast to the Eastern States. United States Highway No.
89, which also crosses the area, extends from the Canadian to the
Mexican border. Arizona State highways supply connecting links, and
many local roads complete a netw) rk that adequafe1y serves present
needs. One of the main lines of the Southern Pacific railroad
traverses much of the area under consideration. A branch line of
the Atchison, Topeka and Santa Fe railway connects Phoenix With the
main line to the north. The Sky Harbor Airport provides daily airmail,
passenger, and freight service in and out of Phoenix. Many tr~s­

continental bus routes pass through the area.

CLIMATOLOGY

38. General.--The climate of the area along Gila and Salt
Rivers from Gillespie Dam to McDowell Dam site is subtropical and
arid. Wind velocities are low to moderate. The average length of
the season between frosts is about 300 days in Phoenix, Ariz.
Recorded extremes of temperature for a 45-year period at Phoenix

-are 160 and 1180 above zero Fahrenheit.

39. Precipitation records.--Precipitation records are avail­
able for more than 600 stations in and near the Gila River Basin.
Many of these stations were established since 1935 in connection
with projects of the United States Soil Conservation Service. The
longest continuous record is for Yuma, Ariz., where precipitation
was first measured in 1870; and the earliest records are for Fort
McDowell, Ariz., and Prescott, Ariz., where precipitation was first
measured in July 1866 and September 1866, respectively. Autographic
records are available for more than 40 of the stations, most of
which were established since 1939. The longest continuous auto­
graphic record is for Phoenix, where an automatic gage was installed
in 1906.

40. For the 71-year period prior to about 1938, the average
annual precipitation at stations in the Gila River Basin above
Gillespie Dam ranged from about 33 inches at Carr's ranch (elev.
5,410 feet), about 14 miles northeast of Roosevelt Dam, to less
than 7 inches at Saddle Mountain (elev. 1,125 feet), 20 miles
northwest of Gillespie Dam. The mean annual precipitation in the
Gila River Basin upstream from Gillespie'Dam is about 15 inches.
The largest annual precipitation recorded in the region was 58.45
inches, which occurred in 1905 at Pinal ranch (elev. 4,520 feet),
about 6 miles east of Superior, Ariz. Precipitation data for the
Gila River Basin are discussed in detail in Appendix 1: Hydrology.
Pertinent data on representative stations in the Gila River Basin
above Gillespie Dam are given in the following table:

" ~:
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iBrecd.pitation data, representative stations in the Gila River Basin above Gillespie Dam, Ariz. and N. Mex.

Location Period of Comp~ete Mean
Station Elevation record years of annual

. Latitude Longitude record precipitation~~.
Decrees- Degrees-
minutes : minutes Feet Years Inches

Luna ranger station, N. Mex••• : 33-50 108-56 7,050 1900-57 57 16.46
Red Rock, N. Mex•••.........•• : 32-42 108-44 4,150 1905-57 50 11.99
Ashfork, ./iriz ••.•••••••.....•• : 35-13 112-29 5,140 1902-57 55 12.92
Prescott, Ariz ...•......•..... : 34-33 112-28 5,354 1866-1957 81 18.75
Phoenix, Ariz ••••••••.••....•• : 33-28 112-04 1,083 1876-1957 71 7~56

Gila Bend, ./iriz ••••••••••••••• : 32-57 112-43 737 1889-1957 68 5.87
I-' Roosevelt, .Ariz ...•..........• : 33-40 111-09 2,230 1905-57 52 16.50I-'

Fort Apache, Ariz •••••••••..•• : 33-48 109-59 5,300 1872-1934 62 l8.42
Tucs on, Ariz ••................ : 32-15 110-58 2,423 1891-1957 66 11.46
Pinal Ranch, Ariz ••••••••••••• : 33-20 111-00 4,520 1893-1957 64 25.04..

-~ Computed for 7l-year period (1868-1938) by index-of-wetness method. Data for periai subsequent to
1938 were not considered necess~ for adequate determination of mean annual precipitation.



41. Storms.--Most precipitation in the Gila River Basin occurs
in two seasons: July through September, and December through March.
Precipitation during the winter usually results from general winter
storms associated l~th extratropical cyclones of North Pacific origin.
During the months from December to March, such storms move south over
the ocean and then inland to southern California, Arizona, and New
Mexico and result in precipitation over areas of up to thousands of
square miles. Precipitation during general winter storms may be more
or less continuous for several days. Relatively localized showers
near the end of such storms are common. In general, precipitation
is small during spring and autumn. Most precipitation during the
summer results from sh~lers of short duration and small areal extent
or from general summer storms. Storms of the thunderstorm type may
occur separately or in conjunction with general storms. Detailed
information on storms in the Gila River Basin is given in append~ 1.

42. Snow.--Many precipitation records since 1900 for stations
in the area include information on snowfall. Snow-course observa­
tions have been made since about 1937 at several points in the
drainage areas of Verde, Salt, and upper Gila Rivers. In winter,
snow may accumulate to considerable depths at elevations above
4,000 feet but practically never falls at· elevations below 2,000
feet. Heavy snowfalls in the drainage basin of Gila River are
limited to areas tributary to Agua Fria, Verde, upper Salt, and
San Francisco Rivers.

RUNOFF AND STREAMFLCW DATA
; .

43. Streamflow records.--Streamflow records are available
for 95 stations on Gila River and tributaries. Records of dis­
charge at most stations during flood periods-generally are inade­
quate. The earliest gagings for which records are available were
on Salt River during 1888 near the site of Granite Reef Dam.

44. Records of stream discharge on-Gila and Salt Rivers
between Gillespie Dam and McDowell Reservoir site are available
for four locations. Pertinent data for these locations are given
in the following table:
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Flow available for conservation at McDowell Dam site, Salt River, Ariz.
(1923-57)

Stream-gaging stations, Gila and Salt Rivers, Gillespie Dam to McDowell
Reservoir site, Arizona

Available flow

: '

· .·_Or

··70,000: Dec. 28, 1923.

96,000 Do. ..

300,000 Feb. 24,'1891.

. Maximum recorded flow

.: Cubic feet
per second

138,000 Nov.· 27, 190.5.189.5-99;
1901-10;
1934-.57.

1889;
189.5-99;
1901-9;
1913-.57.

1888-91;
189.5;
1913-.57.

1921-57.

Year

6,620

Square
miles.
b;28'0

12,900

49,600

:Drainage:' Period'~,.:
• area • of recor~:·::r·;--~-:-----~-:----: . ,..: Peak Date

Location

Total.• ,f •••••••••••••••••••••• of ••••••••• , ••••• :

Say.•.••.•. " ".........•..........•.• :

Salt River near
McDowell.

V'erde River near
McDowell.

Salt River near
Granite Reef Dam. :.

Gila River below
Gillespie Dam.

Acre-feet
192-7•.•.•.•.............. , ..•......... '.~......•.... • : 80,600
1932 : 204,000
1937..•........................'......•............. : 188,800
1941. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : ::::.38.;;..7':";'t.:3:;.,;0;.:;.0

860,700
860,000

4.5. Adequacy of streamflow for multiple-purpose uses.--The daily
surface runoff in Salt and Gila Rivers ,varies greatly during the year,
and the annual surface runoff varies greatly from year to year. Flow
in the river is erratic and out of phase with irrigation requirements.
As a result, many large reservoirs have been constructed upstream from
Gillespie Dam to store the runoff until needed. The effect of these
structures has been to conserve nearly all flow of the Salt River
upstream from McDowell Dam site except during some flood seasons.
During the period 1923-.57, if eXisting reservoirs had been in opera­
tion during the entire period, flow would have been available for
conservation at McDowell Dam site for only 4 of the 3.5 years of
record. Preliminary estimates made by the United States Bureau of
Reclamation show the following flow as being available at McDowell
Dam site:



FLOODS

46. Floods of record.--Historical reference to floods on Salt
and Gila Rivers from McDowell Dam site to Gillespie Dam extends: back
to 1833, but estimates of discharge measurements are for only the
period 1888 to date. Large floods during this period occurred'-in
1891, 1905, 1916, 1920, and 1938.

47. The greatest flood of record occurred in February 1891.
The peak discharge of this flood was estimated at 300,000 cubic
feet per second on Salt River at Arizona Dam (approximately same
location as the present Granite Reef Dam). Other major floods of
record, for which adequate estimates of peak discharge along Salt
River below Verde River are available, include: February 1920,
130,000 cubic feet per second; January 1916, 120,000 cubic feet per
second; April 1905, 115,000 cubic feet per second; and March 1938,
95,000 cubic feet per second. Additional information on floods is
given in Appendix 1: Hydrology; and in Appendix 5: Benefits from
Improvements.

48. Flood characteristics.--Major floods along Salt and Gila
Rivers from McDowell Dam site to Gillespie Dam result from general
winter storms over the Gila River Basin. Many of the streams in
the Gila River Basin rise in steep mountain areas where the, rate
of runoff is relatively high. During major storms, the 't'1ater con­
centrates quickly in the channels and results in violent and
destructive floods. The peak discharges of floods are relatively
high in comparison with the total volume of floodwater. Channel-'
storage and losses reduce the flood peaks when no additions' are,,·:
made by side drainage. Because Salt and Gila Rivers flow westward
and winter storms usually move eastward over the basin, the prob­
ability of synchronization of peaks of winter floods from the
different tributaries is small. Peaks from downstream (western)
tributaries usually pass on before the runoff from the area farther
east arrives. The base flow, made up of contributions from ground
water, melting snow, and surface runoff from rain prior to rain of
flood-producing intensities, is relatively small in comparison with
the peak floodflows.

49. Flood frequencies.--Tne frequencies of floods considered
in detail were determined under,t~~~ssumptionthat all existing
reservoirs in the Gila River Basin,qnd the proposed Buttes and
Charleston Reservoirs (see subsequent heading "Proposed Improve­
ments Affecting the Problem") would be in operation. Records of
peak flows and peak-flow est~tes, based on data for the 69-year
period 1889-1957, were used ,in preparing discharge-fre~encycurves.
Detailed information on flood frequencies is given in Appendix 5:
Benefits from Improvements. The estimated frequencies of floods
of various magnitudes for Salt River at McDowell Dam site and Gila
River at Painted Rock Dam site are listed in the following table:
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Estimated frequencies of floods of various magnitudes, Salt River at
McDowell Dam site and Gila River at Painted Rock Dam site, Arizona

Cubic feet
per second

*320,000
261,000
195,000
120,000

74,000
52,000
38,000

~H~20,000

Cutdc feet
per second­

~~290,000 :
2L~0,000~
175,000
108,000

68,000
-:H~50,000

( .>W'-" ),,1\ 1\

(~HH!-)

* Standard project flood.
~~* Minimum damaging flqod.
~H~ Not determined.

..
0.6 , :
1•................... , :
2•••••••••••••••••••••••• :
5 " :
10 :
15 :
20••••••••••••••••••••••• :
32 ••••••••••••••••••••••• :

50. Standard project flood. --A standard project flood may be
defined as a large hypothetical flood that would be exceeded only on
rare occasions. It could occur in the Gila River Basin if a storm
equivalent in magnitude to the largest general storm or storms of
record in the region were to center over the basin men ground and
climatic conditions were conducive to a high rate of runoff. Esti­
mates of the magnitude of such a flood serve not only as a reason­
able yardstick for determining the flood-producing potentialities
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.

Number of times·t~at Peak discharge
flood would be equaled. --S;q"a"'~::-t;"""'llR;-;i:-v-e-r-a""t---;G"'i;-:;la;:-~R~i-v-er-a:-t;--;Pn':a:-:;in~t:-:e~d

or exceeded in 100 years • McDowell Dam site Rock Dam site

51. Estimates of the magnitude of the standard project flood
for points on Salt River from McDowell Dam site to the mouth are
based on calculations of runoff that would have resulted if a storm
having characteristics of both the January 1916 and March 1938 storms
were centered over the area above the McDowell Dam site. Estimates
of the magnitude of the standard project flood for points on Gila
River. are based on the assumed occurrence of the January 1916 storm,
centered over the area above Gillespie Dam, and assuming that the.
proposed Buttes and Charleston Reservoirs were in operation.
Detailed information on the determination of the standard project
flood is given in Appendix 1: Hydrology. The peak discharges of
the standard project flood are given in the following table:



Estimated peak discharges, standard project flood, Gila and Salt
Rivers, Gillespie Dam to McDowell Dam site, Arizona

Stream Location River
mile

Peak
discharge

Salt River ••••.••• : McDowell Dam site •••••• :
Do•••••••••.••• : Mouth••••.•.••.•.....•• :

Gila River• ••••••• : Just below Salt River •• :
Do•...........• : Gillespie Dam..•......• :

46
o

198
164 ...

Cubic feet
per second

290;000
250,000
370,.000
350,000

52. Ivlaximum probable flood. --The maximum pr obable flood is
that flood that would result from the most severe conbination of
meteorological and ground conditions considered possible of attain­
ment in the drainage area. The peak discharge of the maximum probable
flood at McDowell Dam site is e~timated at 600,000 cubic feet per
second. This flood is used only for spillway-design purposes.
Dertailed information on the determination of the maximum probable
flood is given in Appendix 1: Hydrology.

EXTENT A.t.JD CHARACTER OF OVERFLQtf AREA

53. Location and extent.--The overflow areas considered in
detail are as follows: (a) 4u,000 acres along Salt River from
McDowell Dam site to the mouth; (b) 41,000 acres along Gila River
from Salt River to Gillespie Dam; am (c) 17,000 acres along Gila
River from Gillespie Dam to the upper end of Painted Rock Reservoir
site. The last area was considered because of the effect that
McDowell Reservoir would have on floodflows of Gila River below
Gillespie Dam. The overflow areas investigated in detail are
described more fully in Appendix 5: Benefits from Impr overnents,
and are shown on map, plate 1 of that appendix.

54. Type and value of improvements.--Developed areas subject
to overflow by floods along Salt and Gila Rivers are mostly agri­
cultural. However, the value of residential, business, industrial,
and public properties in the cities of Phoenix and Tempe greatly
exceeds the total value of other properties in these areas. Perti­
nent information on the type and value of improvements in overflow
areas is given in the following subparagraphs.

(a) Overflow area along Salt River, McDowell Dam site to
mouth.~-The 1957 cultivated acreage in the overflow area of Salt
River, McDowell Dam site to mouth, is estimated at 16,000 acres.
In addition, about 4,000 acres of residential, commercial, and
public property in Phoenix, Tempe, and South Phoenix are subject
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to inundation. Other improvements subject to damage include highways,
roads, two long highway bridges, one railroad bridge, irrigation
works, and utilities including the Phoenix and Tempe sewage disposal
plants.

(b) Overflow area along Gila River Salt River to Gilles ie
~. --About 1 ,000 acres of the over flow are a of Gila River , Salt
River to Gillespie Dam, were cultivated in 1957. This acreage is
mostly along the right bank of the river. The cormnunity of Liberty
and many rural residences are subject to damage. The headings of
the Buckeye and Arlington canals and the canals themselves are sub­
ject to overflow and repeated damage. Other propert,r subject to
damage includes short sections of highways and roads, the BUCkeye
sewer farm, and some utility crossings of Gila River.

(~) Overflow area along Gila River, Gillespie Dam to upper
end of Painted Rock Reservoir site.--About 1,300 acres of irrigated
land in the overflow area along Gila River, Gillespie Dam to the
upper end of Painted Rock Reservoir site, are subject to inundation.
Damage in this area will occur mainly to agricultural propert,r, irri­
gation works including Gillespie Dam, and highways and roads.

(d) Surmnarx.--A summary of information on the type arid 1957
value of propert,r in the overflow areas considered in detail is given
in the following table:

.......

; .
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Property subject to damage by the standard project flood in the -overflow
areas along Salt River from McDowell Dam site to the mouth and along
Gila River from the mouth of Salt River to-upper end of Painted Rock
Reservoir site, Arizona

TRUE VALUE (1957)

Overflow area

Property Salt River,
~1cDowel1 Dam

site to
mouth

Gila River,
mouth of Salt

River to
Gi~lespie Dam

Gila River,
Gillespie Dam
to upper end

of Painted Rock
Reservoir site

Residential .........•.•.• :
Business and industrial•• :
Public :

Total :

$46,930,000
18,890,000
22,200;000
14,580,000

-900;000
2,000,000

-600;000
4,940,000

111,040,000

$1,280,000
o
o

13,470,000
440;000
290,000

o
80,000

15,560,000

$5,000
o

8;000
670,000

1,310,000
500,000

o
o

2,493,000

Grand total••••••••• :
Say :

129,093;000
129,000,000

ACREAGE

Acres .
--1,300

o

Acres·
----r5,000

o

Grand total ••••••••• :

Acres
16,000

4,000
Other (stream channel :

and wasteland) ••••••••• : 2...:.4....,0_0_0 2_6,0_0_0 1-::5'-',"'-'7_0_0

Total ••••••••••••••• : 4"",,4'-4'_00_0 4:....1, 0_0_0 1~7i!...,0_0_0

102,000

Cultivated•••.•••••.••••• :
Urban•••••.•••••••..•..•• :
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FLOOD DAMAGES

55. Damages from past floods.--Floods on Salt and Gila River~
from McDowell Dam site to the upper end of Painted Rock Reservoir site
have-caused severe damage to property and loss of at least 6 lives.
Available data on damages from past floods are incomplete. Newspaper
accounts supply incomplete flood-damage descripti·ons of those floods
that have occurred since 1890, but monetary estimates are very limited.
The flood of February 1920, the last large damaging flood of record,
caused an estimated damage of $300,000 within the Salt River project.
More complete information on damages from past floods is given in
Appendix 5: Benefits from Improvements.

56. Damages from future floods--1957 conditions.--Damages from
future floods under 1957 conditions would be greater than from past·
floods because of increased development in the area subject to overflow
and because of the deterioration of the flood channels. In estimating
the damage from a single flood, consideration was given to the probable
extent of its overflow area, the type and value of property subject to
damage, and the extent of damage that would occur to each type of
property from floodwaters of computed depth and velocity. For each
overflow area, the selected flood magnitudes range from the discharge
that would cause a small amount of damage to the discharge of the
standard project flood. Detailed data on damage from future floods
are given in appendix 5. All damages evaluated in this report are
classified as primary damages, which have been divided into direct
and indirect damages. Such secondary damages as may exist are con­
sidered to be small and have not been included in the evaluation of
the project. Direct damage to property is physical damage resulting
from overflow or erosion. Indirect damage is the result of direct
damage and includes (a) costs of flood fighting, rescue work, and
similar emergency measures; (b) business and similar losses from
decreased production, decreased profits and wages, and increased
costs of normal operations ,and living; and (c) costs of rerouting
traffic as a result of interruption of highway and railroad lines.
Pertinent information on the direct and indirect damages in the
overflow area along Salt River under 1957 conditions is given in
the following tables:
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om future floods of various mc.-:nj_tude~.~long Salt River from NeDcRTell Dam s te to mouth
(19~conditionsJ

ESTIMATED DAHAGE FRm1 FUTURE FLOODS

Property subject to damage Damage from future floods of various magnitudeS-l~

TyPe Value 290,000 c. f. s •** 150,000 c.f.s. 100,000 c.f.s.
(1957)

Direct Indirect Pirect Indirect Direct Indirect

ResidentiaL .•.•.••..•.••.•• : $46,930,000 $3,140,000 '$630,000 $650,000 $130,000 $43,000 $9,000
Business and industrial.•••• : 18,890,000 1,990,000 .690,000 580,000 210,000 70,000 14,000
Public ......................:. : 22,200,000 870,000 170,000 260,000 50,000 2,000 0
Agricultural. ••••..•••..•..• : 14,580,000 3,430,000 570,000 900,000 150,000 210,000 30,000
Irrigation works ..••.••••.•• : 900,000 190,000 440,000 90,000 110,000 5;000 1;000

I\) Highways and roads •••••••..• : 2,000,000 290,000 60,000 110,000 20,000 3,000 1,000
0 Railroads ................... : 600,000 90,000 90,000 35,000 35,000 2,000 0

Utilities •....•••••••.•.•.•• : 4,940,000 210,000 210,000 80,000 80,000 35,000 35,000

Total.................. : 111,040,000 10,210,000 2,860,000 2,705,000 785,000 370,000 90,000

Total direct and
indirect damage •••••• : ..••.•.••..•• : $13,070,000 $3,490,000 $460,000

-~ Discharge on Salt River at T'lcD~F€11 Dam site.
** This is the standard project flood.
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Direct Indirect Total-------,.--------------------- ._--

Summary of estimated dama e from future floods of various magnitudes
in the overflow areas along ila River 19 7 conditions

$13,070,000
3,490,000

460,000
o

$2,860,000
785,000
90,000

o

Estimated damage

$10,210,000
2,705,000

370,000
o

Flood Estimated damage
magnitude.,~

Direct Indirect Total

Cubic feet
per second

$890;000.,H~320,OOO $3,590,000 $4,480,000
174;000 1,480,000 380,000 1,860;000
115,000 704;000 156,000 860,000
44,000 192,000 40,000 230,000
20,000 0 0 0

"1*320,000 778,000 322,000 1,100,000
193,000 346,000 131,000 477 ,000

97,000 35,000 11,000 46,000
50,000 0 0 0

Cubic feet
per second

290,000
150,000
100,000

50,000

Flood magnitude"~

.,~ Discharge on Salt River at McDowell Dam site.

Estimated damage from future floods of various magnitudes in overflow
area along Salt River (1957 conditions)

* Discharge on Gila River at Painted Rock Dam site.
-:H~ Standard project flood.

Overflow area

57. Estimates were made of the tangible damages under 1957 con­
ditions from future floods of various magnitudes in the other overflow
areas considered. These estimates are summarized in the following
table:

Gila River, mouth
of Salt River to
Gillespie Dam.

Gila River,
Gillespie Dam to
upper end of
Painted Rock
Reservoir site.



58. Damages from future floods--average future conditions.-­
Damages from future floods under average future conditions were com­
puted on the basis of (a)estitnated average future economic develop­
ment of the overflow area and (b) average future channel conditions.
The populations and property values of the city of Phoenix, of the
Phoenix urban area, and of Maricopa County have increased steadily
from 1900 to 1950 and have continued to increase since that date.
Between 1950 and 1957, the population of the Phoenix urban area is
estimated to have increased from 216,000 to about 370,000. The
population and property development in the overflow area along Salt
River will continue to increase in the future. A study of future
populati on growth in the city of Phoenix and in the Phoenix urban

.area was made in 1951 by a private ·consulting firm. Actual growth
since 1951 exceeded the estimates made by the engineerfng firm. On
the basis of past growth and the forecasts of future growth made by
the consulting firm (which appear to be conservative), the average
future development of residential, business, industrial, public, and
utility properties in the overflow area along Salt River during the
50-year period, 1958-2007, is estimated at about 55 percent greater
than the 1957 development. In the overflow areas along Gila River
below the mouth of Salt River, present property development and
average future property development are considered identical. More
detailed information regarding the estimates of future growth is
given in appendix 5.

59. Along Gila River, channel conditions during the next 50
years will vary from year to year depending on many factors, includ­
ing (a) the occurrence of wet or dry cycles and (b) the importation
of water. The surface···flow and a relatively high ground-water table
that now sustain the growth of water-loving plants (phreatophytes)
will probably continue to sustain the growth. The average channel
conditions during the next 50 years were. therefore considered iden­
tical to the present channel conditions. Along Salt River, the
~tream channel is relatively clear at present. In 1941, local
interests had burned much of the growth existing at the time.
Since that time, the water table has lowered and no flows, except
relatively minor flows in short stretches of the river, have occurred.
On the occurrence of spills from Stewart Mountain or Bartlett Dams,
phreatophytes will reoccur and will reduce the channel capacity to
some extent. Estimates of damages alo~g Salt River under average
future conditions were·~de on the basis of average future develop­
ment of the overflow ·area and on assumed average future conditions
of the stream-channel area. Estimates of damage in the two overflow
areas along Gila River are the same under average future conditions
as under present conditions. The following table summarizes the
damage under average future conditions in the overflow area along
Salt River:
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River from McDowell Dam site to mouth average future

23

Average
annual damage

$19,400,000
5,600,000
1,000,000

o

Total direct and
indirect flood damage

Overflow area

estimated damage from future floods of various ma itudes,

Peak dis charge~~

Cubic feet'per second
290,000
150,000
100,000

50,000

Total 4 ••••••••••••••••••• :

Estimated average annual future flood damage in overflow areas, Salt
and Gila Rivers, McDowell Dam site to upper end of Painted Rock
Reservoir site, Arizona

~~ Discharge on Salt River at McDowell Dam site,

60. Average annual damages from ~lture floods.--Curves were
drawn showing the relationships between peak discharges and average
future damages for the overflow areas. These curves were combined
with the discharge-frequency curves previously described to obtain
curves showing the estimated number of times in 100 years that damages
from single floods would be equaled or exceeded. The areas under the
damage-frequency curves represent the estimated total flood damages
during a 100-year period, and the total for each overflow area divided
by 100 is the estimated average annual flood damage for that area.
A summary of the estimated annual damage from future floods is given
in the following table:

Along Salt River, McDowell Dam site to mouth•••••• : $460,000
Along Gila River, Salt River to Gillespie Dam••••• : 198,000
Along Gila River, Gillespie Dam to upper end of

Painted Rock Reservoir site ••••••••••••••••••••• : ·~3~3~,~0_O~0

691,000

61. Intangible damages from future floods.--In addition to the
tangible damages evaluated in this report, future floods along Salt
and Gila Rivers would cause serious damages not calculable in terms
of monetary value. Such intangible damages would result from loss of



life; delay in the shipment of perishable products; interruption of
passenger travel on railroads and highways; isolation of communities;
interruption of home life and of school and other community activities;
inconvenience caused by interruption of public utility services;
lowering of property values because of fear of floods; and general
lowering of community morale.

EXISTING CORPS OF ENGINEERS FLOOD-CONTROL PROJECTS

62. Existing Corps of Engineers flood-control projects in the
Gila River Basin comprise one completed project, one project under
construction, one project in the planning stage, -and one project under
review.

63. Public Law 209,83rd Congress, 1st session, approved August 7,
1953, authorized the Secretary of the Air Force to construct a detention
basin on Trilby Wash about 20 miles west of Phoenix, Ariz., and an
outlet channel to convey flood releases from the Trilby Wash detention
basin toward the Agua Fria River. This project was completed in July
1956. Flood problems along Trilby Wash and adjoining washes are local
in character and do not affect the problem area under consideration.

64. The Flood Control Act of May 17, 1950, authorized construc­
tion of Painted Rock Dam for flood control at mile 126 on Gila River,
Ariz. (See H. Doc, 331, 81st Cong., 1st sess.) The dam and reser­
voir (now under construction) would provide flood protection to lands
along lower Gila River, along lower Colorado River, and in the
Imperial Valley. The construction of Painted Rock Dam was assumed
in the studies of this report and no benefits were considered to
accrue to plans considered in this report below the upper end of
the reservoir site.

65. The Flood Control Act of July 24, 1946, authorized con­
struction of Whitlow Ranch Dam for flood control on Queen Creek,
Ariz. (See H. Doc. 220, 80th Cong., 1st sess.) Definite design
studies on this project were initiated in 1956. Floodwaters from
Queen Creek very rarely reach Gila River, and problems of flood
control and water utilization on the two streams are only slightly
related.

66. The Flood Control Act'of June 30, 1948, authorized con­
struction of a diversion channel and levee system for flood control
in the vicinity of Tucson, Ariz. Plans for the improvement provide
for diverting floodfl'ows from the upstream parts of the drainage
areas of Tucson Arroyo and other mtrtor adjacent streams to Santa
Cruz River at a point upstream from·Tucson. (See H. Doc. 274,
80th Cong., 1st sess.) In 1955, a review of the flood problems
at Tucson was authorized, and work on this revievr. port is t:.nder
way. Flood problems in Tucson are local in character, and the
authorized improvement would be unrelated to improvements in
other parts of the Gila River Basin.
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EXISTING IMPROVEMENTS BY OTHER FEDERAL Ai'ID NON-FEDERAL AGENCIES

67. Pertinent information on flood-control and water-utilization
improvements constructed in the Gila River Basin above Gillespie Dam
by other Federal and non-Federal agencies is given in the follm~ng sub­
paragraphs:

(a) Flood-control impravements.--No adequate improvements for
control of large floods are in the area under consideration. A small
flood-control basin with a capacity of 14,000 acre-feet to spillway
crest was constructed in 1923 on Cave Creek, a tributary of Salt River,
to prevent overflow along that creek, and especially in the city of
Phoenix. Minor channel improvements and emergency work have been con­
structed along Salt River to protect about one-quarter mile o:f stream
banks.

(~) Other improvements.--Since 1936, the Soil Conservation Service
of the United States Department of Agriculture has constructed some
minor improvements along upper Gila River and tr~butaries, mostly for
the control of erosion. Most water for irrigation of areas upstream
:from Gillespie Dam is supplied by storage reservoirs, diversion dams,
and headgate structures on Gila River and tributaries. Many miles of
canals serve these areas. Facilities for the production of hydro­
electric power are provided at Coolidge, Roosevelt, Horse Mesa,
Mormon Flat, and Stewart Mountain Dams. Pertinent information on
existing dams constructed in the Gila River Basin by other Federal
and non-Federal agencies is given in the following table:



Existing dams, Gila River Basin, Ariz. and N. Mex.

Dam' Stream
Drainage

area
Operating

agency Purpose
Year

completed
Reservoir
capacity>*-

San Jose-Montezuma •• : Gila' River ••••••• :
Coolidge ..•......... : •••do............• :
Ashurst-Hayden•••••• :~~.do.~••••••••••• :
Sacaton•••••••••••. ~:.~~do••..••••••••• :
Gillespie ..........• : ..•do............• :
Roosevelt ••••••••••• : Salt River ••••.•• :
Horse Mesa••.••••.• ~:~~.do~.~•••••.•.•• :
Mormon Flat•••...••• : •••do•••.....•.... :
Stewart Nountain•••• : ••• do ••••••••••••• :
Granite Reef•••••••• : ••• do•.••••••••.•• :
Horseshoe ••••••••••• : Verde River~ ••••• :
Bartlett : do :
Cave Creek••••.••••• : Cave Creek•••..•• :
Lake Pleasant••••••• : Agua Fria River •• :

Square
miles

7,960
12,900
18;300
18;800
49,600
5,830
5,940
6,100
6,220

12,900
5,990
6,160

161
1,460

Local•••••• : Diversion••••••• :
U.S.I.I.S •• : Storage, power•• :

:.~.do •....•• : Diversion•.••••• :
: do :.:.do...........• :
: Local ••••• ~: •••do •••••••••••• :
: •••do.· : Storage, power •• :
: •• ~do••••••• : ••• do•••••••• !.~.~

: •• ~do~ •••••• : • ..do :
: •• •do • .. . . . . . : .•• do .... . .. . .. .•:
: do : Diversion....•. '.:
: •• ~do•••• • e .• : Storage·.......•. :
: ... do .....•• : ..•do..........•• :
: ••• do ••••••• : Flood control••• :
: .••do......• : Storage .•.....•. : I ••

-1936
1928
1922
1925

'1921
1911
1927 '
1925
1930
1908
1945
1939
1923
1927

Acre-feet
o

1,205,000
o
o
o

1,382,000
245,000
.58;000
70,000

o
~A-l*-144;000

180,,000
14,000

178,000

~~ Top of spillway gates, if gated; otherwise, spillway crest.
~H:" Enlarged in 1950 from 68,000 to 144,000 acre-feet.

Note•.--U.S.I.I.S. refers to United States Indian Irrigation Service.



PROPOSED IMPROVEMENTS AFFECTDJG THE PROBLEM

68. Three reservoirs of significance to the problems discussed
in this report have been recommended blf the United States Bureau of
Reclamation as part of the central Arizona project now pending for
consideration in Congress (see H. D. 136, 81st Cong., 1st sess.).
Action by Congress on the project is being held in abeyance pending
settlement in the Supreme Court of the controversy between the States
of Arizona and California regarding rights to Colorado River water.
Those reservoir units of the proposed central Arizona project that
affect ,the problems considered in this report, are described according
to location in the following subparagraphs:

(a) Gila River Basin above Salt River.--Two multiple-purpose
reservoirs, prOViding flood-control storage, have been proposed for
construction upstream from the area under consideration, as follows:
Buttes Reservoir on Gila River at river mile 287 and Charleston
Reservoir on San Pedro River at river mile 121 (see pl. 2). In
general, although the overall effect of the two reservoirs ,on the
flood problems in the area under consideration in this report is
small, some significant effects 'in that part downstream from the
mouth of Salt River would result from the reservoirs during' large
floods originating from the Gila River Basin above Salt River. In
the studies for this report, these two reservoirs have been assumed
to be in operation.

'. T,'

" '
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(b) Salt River Basin. --The Bureau of Reclamation I s proposed
central Arizona project provides for the importation of water from,
the Colorado River to the Gila River Basin. A portion of this
imported water, in excess of immediate demands, would be stored in
a proposed reservoir to be constructed at the McDowell site on
Salt River (see pl. 1). A capacity of 188,000 acre-feet, designated
in this report as "terminal" storage, would be required under the
propos ed :project to store the imported ..Tater. In addition to such', (,'
terminal storage, the proposed proje ct would provide for, f:}.ood- ,,' '
control storage of 390,000 acre-feet, making a total proposed ",i

capacity for the McDowell Reservoir of 578,000 acre-feet. The
McDowell Dam proposed by the Bureau of Reclamation in House Document
136, 81st Congress, 1st session, would be 126 feet in height,. The
dam, which would be of concrete slab-and-buttress construction with
earthfill wings, would contain a power plant as an integral part of
the dam with a capacity of 4,100 kilowatts. The estimated construc­
tion cost for the dam and reservoir based on July 1947 prices as
shown in the document is $16,326,000. The estimated construction
cost of the power plant on the same basis is $1,012,000. Considera­
tion is given in this report to the need al1d justification for
including additional capacity for flood-control storage in the
proposed reservoir.

•
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0. :.t,.· .IM~ROVEMENTS DESmED

. 69. Public hearing.--A joint public hearing on flood control in
the'entire Gila River Basin was held at Phoenix, Ariz., on October 20,
1938; by the Departments of Army and Agriculture with the di.strict
engineer, United States Army Engineer District, Los Angeles, Calif.,
presiding. The hearing was attended by 114 persons including repre­
sentatives of various agencies of the Federal Government, offici·als
of the State of Arizona and its political subdivisions, representa,
tives of local civic organizations, and interested private citizens.

70. Improvements desired by'local interests.--Information
obtained at the public hearing indicated that local interests desire
clearing and straightening the channels of Gila and Salt Rivers to
prevent flood damage along those streams. Since the public hearing,
local interests have expressed grave concern about the deteriorated
condition of the channels of. Gila and Salt Rivers.

·71. Reasons advanced in justification of improvements desired.-­
Representatives of local interests stressed the necessity of flood
control on Gila and Salt Rivers between Gillespie Dam and McDowell
Dam site to (a) prevent fiooding and inundation of rural and urban
properties in the cities of Phoenix and Tempe, in the communities
of South Phoenix and Liberty, and in the project lands of the Salt
River Valley Water Users' Association, the Buckeye Irrigation
Dis tri.ct, the Arlington Irrigation Di~ trict, and on other lands;
(b) prevent erosion of land; (c) prevent damage to cropland because
of interruption of irrigation; ,and (d) prevent interruption of
railroad and highway commuillcation and of utility services. Repre­
sentatives of local interests also stressed that control of floods
by clearing the channel would result in reducing the evapo­
transpiration losses from the growth within the channel and thereby
would increase the safe yield of the ground-water supplies.

FLOOD PROBLEMS AND RELATED FROBL12:HS

72. Flood problems.--:Salt River below Granite Reef Dam .and
Gila River below the mouth of Salt River and above Gillespie Dam
flow through developed commercial and agricultural areas that have
been subjected to flooding by these streams in the past. The
cit:Le s 0f Phoenix and Tempe and the communities of Lehi, South
Phoenix, and Liberty are subject to inundation. The most note­
worthy of past floodS occurred in 1891, 1905, 1916, 1920, and
1938. . '

73. During the, 1891 flood, floodwaters eroded the right bank
of Salt River near 40th Street, Phoenix, and then following a
course along Henshaw Road (one-half mile south of the Southern
Pacific railroad) inundated the developed area south of that road.•
Although extensive regrading of the area has taken place in
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connection with construction of the Sky Harbor Airport, a recurrence
of such an overflow probably would take place on the occurrence of
a flood approaching the magnitude of the standard project flood.

74. Reservoirs on Salt and Verde Rivers have impounded much
of the floodflows of recent years. The total storage space provided
amounts to about 2,000,000 acre-feet. Since water-conservation
storage has been provided, some flood control has been gained,
especially in years of low flow or in years immediately following
a depleted water supply. However, because of the great need for
stored water for irrigation and for power, all reservoirs are filled
to maximum capacity whenever possible, thus eliminating most of the
flood-control features.

75. Since most floodflows were reduced by storage, the combina­
tion of a comparatively dry river channel and a high water table has
resulted in an infestation of water-loving plants (phreatophytes)
that have achieved in some places almost maximum. density. With the
channel thus choked, the occurrence of even a small flood on Salt and
Gila Rivers could result in serious damage to highly improved rural
and urban areas.

76. Water-conservation problems.--Flood problems in,the Gila
River Basin are relate.d closely to the problems of water conservation
and water utilization. The construction of the existing water­
conservation reservoirs on Salt and Verde Rivers has conserved for
use mos t of the flow of these streams. However, because of the nature
of the streamflow, utilization of the runoff is incomplete. During
the calendar years 1923-57, about 3,200,000 acre-feet have spilled
over Granite Reef Dam. This amount is about 10 percent of the unde­
pleted flow at Granite Reef Dam. During this period, Horse Mesa,
Mormon Flat, Stewart Mountain, Bartlett, and Horseshoe Dams were
constructed. Studies by the United States Bureau of Reclamation
indicate that if these reservoirs had been in operation during the
entire period they would have conserved all Salt River flow and most
of Verde River flow. The amount of water that would have spilled
under existing conditions of development is estimated at 860,000
acre-feet for the 35-year period, or an average of about 25,000
acre-feet per year. This water would have come during four flood
seasons--1927, 1932, 1937, and 1941. In order to conserve the flow,
large holdover storage would be required with attendant severe
evaporation rates.

77. Phreatophytic growths ·within the channel area transpire
and evaporate tremendous amounts of water'annually. According to
the United States Geological Survey, the annual use of water per
acre by plants in the channel area, assuming 100 percent density,
is estimated as follows: Saltcedar, 7.2 acre-feet; cottonwood and
willow, 6.0 acre-feet; baccharis, arrowweed, and"miscellaneous brush,
4.7 acre-feet; ~d mesquite an~ paloverde, 3.3 acre-feet. The minimum.
average annual transpiration by phreatophytes from a 2,OOO-foot-wide
channel extending from Gillespie Dam on Gila River to Granite Reef
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Dam on Salt River during a 50-year period under present conditions
of water use (assuming no importation of water from outside the
drainage area of Gila River) is estimated by the United States
Geological Survey at 22,000 acre-feet. (See Appendix 6: Use of
Water by Phreatophytes in 2,000-foot Channel between Granite Reef
and Gillespie Dams, Maricopa County, Ariz.). Such use reduces the
available safe yield of the ground-water reservoir and may reduce
the surface flow farther downstream.

78. Methods.of improvement considered.--Optimum utilization
of the water resources of Gila and Salt Rivers is of utmost impor­
tance. In the tnvestigations covered in this report, consideration
was given not only to flood problems but also to the need for more
adequate water supply for irrigation use. The Control of floods
by channel improvements, levees, flood-control reservoirs, reservoirs
for multiple-purpose use including flood control, and various com­
binations of these improvements was considered.

. PLANS OF ll-1PROm1ENT CONSIDERED

79. General.--Preliminary studies were made of plans for
flood control by means of channel improvements, levees, reservoirs
for flood control alone and for multiple-purpose use, and by com­
binations of these methods. Channel improvements comprising (a)
removal of phreatophyte gro1vth from an appro!!, iate flood1.ray and
(b) pilot-channel excavation in some reaches were considered for
Salt and Gila Rivers from Granite Reef Dam to Gillespie Dam.
Levees were considered for the urban area along Salt River from
Tempe to Phoenix. Preliminary analysis of costs and benefits
eliminated the necessity for detailed consideration of levee
improvements along the remaining reaches of the river. An enlarged

. excavated channel was considered along Salt River from Tempe to .
Phoenix, but, because of the wide stream channel, the cost of an
enlarged channel would greatly exceed the cost of levees in the
same area. Excavation in that reach, in addition to that required
to obtain fill material for a levee, is not justified•

.80. Consideration was given to control by means of reservoirs.
Investigations revealed no reservoir sites where storage (a) solely
for flood control or for flood control and conservation of local
flaws originating in the Gila River Basin and (b) providing an ade­
quate solution for the flood problems in the area could be economi­
cally justi·fied. However, as discussed under the pr.eVious heading
"Proposed Improvemen.ts Affecting the Problem," the United States
Bureau of Reclamation has proposed construction of a reservoir
principally for terminal storage at the McDowell site on Salt River.
Preliminary analysis indicated that ·flood-control storage alone,
water-conservation storage alone (for conservation of flaws origin-t
ating in,the Salt River Basin), or the combination of flood-control·
and water-conservation storage at this site is unjustified. Con­
sideration was therefore given to the justification of providing
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flood-control storap,e or flood-control and water-conservation
storage in addition to the storage required for a terminal reser­
voir.

81. Detailed consideration was given to three plans of
improvement, as follows: (a) The recommended plan, which would
provide for short levees along Salt River between 40th Street,
Phoenix, a:pcl,. Tempe Butte, Tempe; and channel improvements along
Gila ancf S~lt Rivers from Gillespie Dam to Grani te Re~f Dam; .
(b) 'a plan)or short levees along Salt River between 40th St:r~et,
PhQ~ntx, and Tempe Butte, Tempe; channel improve:d8nts along Glla
arid Salt Rivers from Gillespie Dam to Granite Reef Dam; and flood­
contro~.storage added to the proposed terminal-storage reservoir
at ~ha;Mcn~ell site; and (c) a plan for levees along Salt River
between:. 2'7th Avenue, Phoenix, and Tempe Butte, Tempe; and. channel
;i.mprovem~nts·along Gila and Salt Rivers from Gillespie Dam to ..
Granite Reef Dam.. I'. _.1'

~ " .
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.. B?:.· Short levees along Salt River between hOth Street, PhoeI;lJc I

and Tel'll e· Butte, Tempe' and channel improvements along Gila and.Salt
ivers from Gillespie Dam to Granite Reef Dam recormnendedplan) .-- .

The recom~ended plan provides for 3t miles of levees along Salt River
b~tween40th Street, Phoenix, and Tempe Butte, Tempe; and .channel
improvements. along Gila and Salt Rivers from Gillespie D.am to"Granite
Rear· Dam" .As discussed under the subsequent heading "Benefits from.
pr.evention.9f. flood damage," improvements under this plan would pro":·
vide complete protection against the standard project flood for most
or.·the city of Tempe and a part of the city of Phoenix, but only
pa:rtiaLprotection for an additional area in the city of Phoenix,.. ,
for', the adjacent developed areas, and for other areas along Gila .and
SaJt .·Rivers from Gillespie Dam to Granite Reef Dam. The av,.erage
annual. damages prevented would be 34 percent of the total average
annual' damages in the area under consideration. The short leve.es
would consist of (a) a levee along the left bank of Salt ~iver for.
about 2,000 feet from Tempe Butte to the Southern Pacific railroad
bridge embankment and (b) a levee along the right bank of Salt .River
for about 16,700 feet from the Southern Pacific railroad 'oridge .'.
emban.1rnlent to 40th Street, Phoenix. Construction of the maj or par~

of the right-bank levee would consist of enlarging the existing canal
levee and of placing rock facing. The right-bank levee would incor­
porate the existing Joint Head Dam. The levees 1A1ould.be·.compacted'
earthfill .s.tructures that would range in height from 7tQ 22 feet
above: .the natural ground and from 23 to 28 feet above streambed.,
Slopes. on poth sides of the levee would be 1 on 2•..The .width ot....
crown would. be 18 feet. The levees were designed to accommodate'
the standard .project flood of 270,000 cubic feet per. second (290,000
cubic feet per second at McDowell Dam site) with a: minimUm freeboard
allowance of 3 feet.' Computed velocities would, ~n gen~ral, vary .
from 8 to 12 feet per second. The river side of the levees would be
revetted with rock facing 1.25 feet thick on a gravel filter blanket
6 inches thick. The;l~veerevetmentwould. extend to a minimum\depth
'o"f' 5 feet beloW":the:'ex:i;sting stl"eambed~·:. ·Tw:9·.Tamps over' the rigbt­
bank ·le·vee-·'Would-·'be·· provided - one at~Delano'Avenue and the"other -at;
40th 'S+-eet' :'..... "... . , .

uJ; • ' : . . ~ .... .. ..



83. Channel improvements would consist of a cleared floodway
and of low-flow channels. Detailed studies were made to determine
the width of cleared channel that would give optimum flood-control
benefits (see appendix S). Agricultural development and the natural
topography limit the maximum width to about 2,000 feet. Channel
widths of 500,'1,000, 1,500, and 2,000 feet were considered and
evaluated. As indicated in appendix 5, incremental flood-control
benefits exceed the incremental costs for all incremental widths
considered. Additional clearing might be justified by the additional
savings of water; however"such clearing, if determined to be desir­
able on the basis of actual experiences in savings of ~ater, could
be accomplished by local interests at a later date. The~efore, on
the basis of this study, the 2,000-foot-wide cleared channel was
determined as the most desirable at this time.

,84. A fioodway 2,000 feet in width would be created by clear­
ing' river-bottom growth along Gila River from Gillespie Dam to the
mouth of Salt River and along Salt River from its mouth to Granite
Reef Dam. Two reaches of low-flow or pilot channels located within
the cleared flobdway, the first along Gila River from Gillespie Dam
to a point about 1 mile downstream from the mouth of Agua Fria River
and the second along Salt River upstream from the highway bridge at
Tempe, would be included in the improvement. The low-flow channels
would tend to direct flows to within the cleared floodway, and would
thereby accomulish desired river rectification; above the Tempe
bridge, the low-flow channel would improve flow conditions on the
approach to that bridge.

85. The remov.al of Dhreatophytic growth within a 2,OOO-foot
channel along Gila and Salt Rivers from Gillespie Dam to Granite
Reef Dam will greatly decrease the use of water by transpiration.
The United States Geological Survey (see appendix 6) has estimated
that the water saved and salvageable in Maricopa County by the
removal of phreatophytic growth from'the channel would amount to
about 75 percent of the total water transpired by the river-bottom
growth.' . The full savings could be obtained only by adequate Inain­
tenance of the channel area. Applying the factor of 75 percent to
22,000'acre~feet (the estimated average annual transpiration over
the next 50 years), the amount of water saved by clearing the
phreatophytes would be 16,000 ~cre-feet annually. This estimate
is conservative, because the ~bmputed basic figures for use of '
water reipr-esent minimum amounts. '

86. Short levees along Salt River between 40th Street, Phoenix"
and'Tempe Butte, Tempe; channel improvements along Gila and Salt
Riv-er-s from Gillespie Dam to Granite Reef Dam; and flood-control
storage added to the proposed terminal-storage reservoir at the
McDowell site.--Consideration was given to the justification of pro­
viding flood-control storage in addition to the storage required for
a terminal'reservoir at ~he McDowell site. The Bureau of Reclamation
had proposed in its report on the central Arizona project that 390,000
acre-feet of flood-control storage be allocated in addition to the
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88. The first two parts of the plan would be the same as under
the recommended plan. The multiple-purpose dam would be an earthfill
structure 169 feet high above streambed. The crest of the dam (eleva­
tion 1,494) would be about 5,180 feet long. A concrete overflow
spillway structure 1,100 feet long would be located in a saddle about
1 mile southeast of the left abutment of the dam. At maximum water
surface, elevation 1,486, the spillway would have a capacity of 288,000

87. This plan provides for (a) short levees along Salt River
between 40th Street, Phoenix, and Tempe Butte, Tempe; (b) channel
improvements along Gila and Salt Rivers from Gillespie Dam to Granite
Reef Dam; and (c) 672,000 acre-feet of flood-control storage space
added to the proposed terminal-storage reservoir at the McDowell site.
Nearly all damages ~aused by the standard project flood along Salt
River would be prevented by the construction of the improvements under
this plan. Relatively minor damages along Salt River would still
occur to property located in and immediately adjacent to the river
channel. Downstream from the mouth of Salt River, partial nood
protection would result. In addition to the flood control provided
by the channel improvements, control of large floods originating in
the Salt River Basin would be effected by reducing discharges to
82,000 cubic feet per second. Under average conditions, as a result
of control effected by McDowell Reservoir~ a flood of 320,000 cubic
f~et per second (at Painted Rock Dam site) would be reduced to a peak
discharge of 170,000 cubic feet per second. Floods smaller than
82,000 cubic feet per second would not be affected by the operation
of McDowell Reservoir. The average annual damages prevented by this
plan would be 86 percent of the total average annual damages in the
area under consideration.

188,000 acre-feet required for terminal and dead storage. The total
storage capacity of the reservoir considered by the Bureau would be
578,000 acre-feet. Review of the Bureau design indicated that
changes l-1ould have to be made to pass the spillway design nood as
computed by the Corps of Engineers. A higher dam and an expensive
spillway in the channel section of the dam would be reQuired. Addi­
tional investigations indicated that, by further increasing the
height 'of the dam, use coulc be made of a saddle about 1 mile south­
east of the left abutment. A detached spillway in this saddle area
would result in a relatively inexpensive structure. The resultant .
cost estimate for the larger structure (lnth the detached spillway)
was determined to be appreciably less than the Corps' cost estimate
for the 578,000-acre-foot reservoir with the spillway in the dam.
Further details on the estimated costs for the various sizes of
reservoirs considered for the McDowell site are given in appendix 4.
Because construction of a reservoir at the McDowell site is dependent
upon the outcome and settlement in the Supreme Court of the contro­
versy between the States of Arizona and California regarding rights
to Colorado River water and because predicting the outcome of the
litigation is impracticable at this time, storage in a reservoir at
the McDowell site was considered only as a supplement to the improve­
ments under the recommended plan.

R. 2/24/58
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cubic feet per second. The reservoir, at spillway crest elevation
1,470, would have an area of 15,200 acres and a capacity of 860,000
acre-feet. Allocation of storage space would be 46,000 acre-feet .
for sediment and dead storage, 11~,OOO acre-feet for terminal stor­
age, and 672,000 acre-feet for flood control. The reservoir would
be designed to reduce the standard project flood of 290,000 cubic
feet per second to'a maximum outflow of 82,000 cubic feet per second.
Construction of the multiple-purpose reservoir with a capacity of
860,000 acre-feet would result in the flooding of the power plant
at Stewart Mountain Dam. This' power plant, operated by the Salt
River Valley Water Users' Association, has a capacity of 10,400 kilo­
watts. Information obtained from the Bureau of Reclamation indicates
that because of the cliversion of Salt River flow from Sahuaro Lake,
above Stewart Mountain Dam, to lands along Gila River, as proposed
in the Bureau's report on the central Arizona project, it may be
impractical to continue operating the Stewart Mountain power plant.
Protection of the Ste1<rart Mountain' p0ltier plant therefore was not
provided for in tl~ design of the larger McDowell Reservoir described
above.

89. Because available-information indicates that water con­
servation cannot be justified at this time at McDowell Reservoir
except as an addition to its use for terminal storage, detailed
consideration was not given to the amount of conservation storage
that might be provided under the plans considered. The Bureau of
Reclamation in its report on the central Arizona project recommended
the enlargement of Horseshoe Reservoir on Verde River from 68,000
acre-feet to 298,000 acre-feet. Since the preparation of that report,
local interests have enlarged Horseshoe Reservoir to 144,000 acre-feet.
Under these conditions, further enlargement of Horseshoe Reservoir
might not be feasible. Therefore, consideration should be given to .
inclusion of water-conservation storage at ~·1cDOl..ell terminal reservoir
in the preparation of detailed plans prior to its construction. ..

90. Levees along Salt River between 21th Avenue, Phoenix, arid
Tempe Butte, Tempe; and channel improvements along Gila and Salt
Rivers from Gillespie Dam to Granite Reef Dam.--This plan prOVides
for the construction of'20 miles of levees on Salt River, 10 miles
on each ba~k. The improv~ments would prOVide complete flood protec­
tion against the 'standard project flood to developed areas in and
adjacent to Phoenix and Tempe and partial flood protection similar
to that under the·recommended plan to other areas 'along Gila and Salt
Rivers from Gillespie Dam to Granite Reef Dam. The annual damages
prevented would"be 60 percent of the total average annual damage in
the area under consideration. The levees along Salt River would
consist of (a) a levee on the left bank of Salt River for about 10
miles from Tempe Butte to 27th Avenue, Phoenix, and (b) -a levee along
the right bank of Salt River for about 10 miles from the Southevn
Pacific railroad bridge embankment at Tempe to 27th Avenue, Phoenix.
The levees were designed to accommodate the" standard project flood.
The structural design of the· levees would be similar to ,that under
the recommended plan. The channel improvements would be the same as
under the recommended plan.
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REC,REATIONAL DEVE~OP_T _
..~_._- - .....-.. ..,- -
~....~ ' .. .t .I. .••• •• ......).~:: •••

'.,;;, ::.~ ';.~.:'-- 91. Exist:l~.:.reservoirs· behind 'Roosevelt, -Horse Mesa, Mormon'
Flat, and Stewart Mountain Dams on Salt River are used extensivelY.­
for. bOating, .fishing., .and picnicking. These reservoirs are operated­
f9~,~ater conservation and water power and provide relatively stable

_~ ..JiQ:Q.:I:i~ The proposed t.e.rminal-storage reservoir at the McDowell site
__ .".!9.~fld 'probably include .some._ provision for recreational use.· The

extent of development would depend on the stability of the reservoir
elevation..

92. Consideration was given to'the possibilities of recreati~rlaI
development that might result from the addition of flood-contfol .
storage space at the McDowell Reservoir site. Although a large amount

f: .: 'of' ,'storage would be allocated for' flood-control use~ the metho~ of
operation of the flood-control storage space precludes the use:of that
part of the reservoir for recreational purposes on an extensive·scale •

. ~__ Any:.l~e formed as a result of the flood-control storage at the reser-
voir would be temporary; the flood-control operation would provide for

:-:. th.~ emp.tying of the flood-control pool as fast as possible. The area
." 'of 1;1ie-"I'lood-control pool normally would consist of mud flats that

would become barren wastes during dry periods. Plans for flood-control
storage at the McDowell Reservoi! site therefore did not include any
provision for recreational develapmen·t. However, a favorable year­
round climate and the scenic background of the dam and reservoir and
its proximity to the centers of" :populatio~ in Arizona would cont:r'ibute
to the value of any recreational"features that might be incorporated

;'.in: .. the final plans·for'McDowell Reservoir •

ESTIW~TES'OF FIRST COST

93. The estimated first costs of the considered projects com­
prise expenditures for'making preauthorization studies; for construction
(includiDg .clearing river-bottom growth); and for relocating highways
and utilities and purchasing rights-of-way. Estimates of cost are

'._..~.'~~~,~.~:~9!!- price levels for' October 1957. Allowances are made for
engineering, overhead, inspection, and contingencies.

~ .. '._''-_._.
-,,~, ~-_. -'9'4';' Three methods of destroying phreatophytes, principally

sal tcedar, were considered: (a) Burning-,' (b) chemical treatment,' arid '
(c) mechanical means (see appendix 3). Numerous experiments are 'now
being conducted by Federal, State, and local interests on these means
of eradication, but no final conclusions have been reached. 'Informa­
tion to date indicates that burning and chemical treatment are~~t

completely effective and would still require mechanical'means of
~,,9~~~rjgg_the floodway. Therefore, for the purpose of preparing an

adequate cost estimate, destruction of phreatophytes by mechanical
means was:assumed. ., ,

95. Details of the estimated first costs of the recommended
,00 -,plan are -given in Appendix 4: Cost estimates. The following table

summarizes the estimated first costs of the improvements'conside~ed:
. ;. . ~.

.; :.'" ...::"
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Summary of estimated first costs lans considered Gila and Salt Rivers
Gilles ie Dam to McDowell Dam'site Arizona based on rices for October
l22L .

Estimated first 'cost, . Plan
. :.: •• ' J"l,j Subtotal

..~ .','

Total,

Short levees and channel improvements:
." L~vee~.a;J..ong Sal;t River between

40thh'Str.eet, Phpenix, and Tempe Butte,
.J' .

... '1.:

!'

''0

Te.m~.~: ., .. -r~~~ ' ; : :

Channe..1-;iJmprovements along Gila and Salt:
- Ri~&rs"from Gillespie Dam to Granite

Re e.zfr."ci'illam. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 0 .. .. : .. .. .. .. • 0 .. .. .. .. .. .. .. .. :

: j 1':'" '"'1' -To tal " : " .. :
.. ::'~ .

u0-THER PLANS CONSIDERED

$1,240,000

2,330,000

3,570,000
I' ,.t I

•. , •••••••• 00.

. '.. - .

Sh6r~cle~ees, channel improvements, and
storag~:space in McDowell Reservoir:

. ·h.eyees along Salt River between. 40th.. .:,'"
. d.i:-...Street, Phoenix, and· Tempe Butte, ..,: , ':
• ft : ,

:; :.~ f·.~empe .. $ 0 : _ 0 :

,\ ' .,
Channel improvements along Gila, and; ~a+ t . ~"

Rivers from Gillespie Dam to Granite
Reef Dam. 0 : :

McDowell Reservoir:, ::',;:.:,.~.

Multiple-purpose (terminal storage :
'-, and flood control) .... ·...•......•..• :*$30,300,000

,.:'·:,.::J':i;.'.T:; Terminal storage . ., ..•..•.......... ; :**-24,600,000

Cost of flood-control storage •• : ............•. :
'I :":

Total cost of flood controL .•. : .•...........• :

Long levees·and channel improvements:
.. 'r-Levees along Salt River between 27th
_,f ~ : •

'!'; Avenue, Phoenix, and Tempe Butte,
Tempe •••• 0 •••• II •• II ••••• 0 ••• II.' ••• II II ••••• : •• II • 0 •• II II ••••• :

'Channel improvements along Gila and Salt:
'." , ' Rivers. from' Gillespie Dam to Gra..l'li te

Ree f Dam.. 0 • II •• 0 ....... o.•••• II •• II •• 0 •••• '••••• : ••• 0 •••• II ••••• :,

1,240,000
1.1.

2,330,000

5,700,000
"~ :

9,270,000

2 9 330,000
1'"

Total •••.......•.•.... : •....••. : · : 10,990,000
, .,

* Est~mated cost of reservoir with oapacity of 860,000 acre-feet, based
on ear~pfill.dam and detached spillway.

** E~timated cost of reservoir with ...capacity of 188,000 acre-feet·, .based
on earth' da~ with'concrete spillway in the dam.
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84,000

118,500

based on
Gila and

3,360,000

'2;190,000

$1,170,000

R. 7/17/58
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ESTIMATES OF ANNUAL CHARGES ~:..
, ,'~

: ' , "

Total Federal first cost and
total Federal investment •••.. ~ ••

Total Federal annual charges •.••••

37

, ' '

Federal investment': . , , ..
(1) Shor't levees a:I'cirig 'Sart 'River between

40th Stree.t, ,P:I'j.o.enix." and Tempe
Butte, Tempe ••••••• : ••••• 0 •• ~ ••••••••

(2) Channel improvements along Gila and
Salt Rivers from .Gille~pie Dam to
Gran.it!3 ~eef ;oa.ni•• •~'••••• •'••••••••••••

Federal annual charges:
(1) Interest, 2.5 percent on item (~) (3) ••
(2) Amortization of Federal investment in

50 years at 2.5 percent, 0.01026
times i tem (~) (3) ••••••.•••••••..•••

(b)

":'-','

.Estimated first cost and annual cha,r es recommended

96. The estimate of annual charges fo~ each plan' of improvement
comprises interest on the total investment, amortization of the total
investment in 50 years, and average annual costs of maintenance and
operation. The' construction period 6f McDowell Reservoir for
multiple-purpose storage or for terminal storage is estimated at
,3\Y~ars; interest during construction was therefore computed. The
construction period for the short levees would be less than I year;
interest during construction would not be charged against that part
of the plan. Because benefits from construction of the channel
~IJ1p'r'o;vements and the levees between 27th Avenue, Phoenix, and Tempe
"But~a, Tempe, would accrue as the work proceeds, interest would not
be charged. The entire first cost of the flood-control storage in

,.. thE}, multiple-purpose reservoir would be borne by the United States.
'·'Foi~'~e levees and for the channel improvements, the cost of con­

struction and the cost of preauthorization studies would be borne ,
J~;y ,the United States, although loqal interests would repay that por­
tion of the construction cost that is allocated to water conservation.
The cost of highway and utility relocations, the cost of' lands, ease-

"m..en,ts, and rights-of-way, and the cost of maintenance and operation
would be borne by local interests. Estimates 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,
Salt Rivers Gilles ie Dam to McDowell Dam site
prices for October 1 --Continued

... ,;.:~ ,:

(,!i)" 'Non-Federal investment:
, (1) Rights-of-way and highway and utility

relocations for short levees along Salt
River between 40th Street, Phoenix, and,
Tempe Butte, Tempe•.••••....•....•.••.•••

(2) Rights-of-way and highway and utility
relocations for channel improvements
along Gila and Salt Rivers from
Gillespie Dam to Granite Reef Dam••••.•••

Total non-Federal first cost and
,total non-Federal investment ••.•••••

-(a) Nbri-Federal annual charges:
.,~-~, -. :"" ~ ",t' (1) Interest, 2.5 percent on item (.£) (3) •..•••

'.. ,- (2) Amortization of non-Federal investment
::',.r in 50 years at 2.5 percent, 0.01026

times item (.£) (3) •......... ~ '~ •
(3) Maintenance and operation (average annual):

Short levees 0 •••••••••••••••

Channel improvements ••••••••...••.••••
.:.,j~.;.... ,•. ~. '... ._._....- .... ~

Gila and
based on
, - !\

$70,000

140,000

210,000

5,200

2,200

5,000
48,000

'"., ' ' .
rc:; L: -.J'.
..._---- - - -- . Total non-Federal annual charges••.•. :";;'.L· 60,400

Total annual charges:
(1) Federal 0 ••••••••••

(2) Non-Federal 0 •••• 0 0 0 •• CII ••• 0 • II ••

Total annual charges •••.•.•••.•.•••.••

.. -118-,500
60,400

178,...900

.'~' :!~>~Js..9·7··;. For' the purpose of comparing the three plans of improvement
considered in detail and of selecting the best plan, annual charges
were.,,90!Ilputed. A summary of annual charges for each plan is given in
'th~ f'ol,lowing table:

,"t:~., ...
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S\UllIIl¥'Y of 'annual ch,arges, plans considered, Gila and Salt Rivers,
Gillespie Dam to McDowell Dam site, Arizona

. ,

382,406

477,500

$178,900

Annual charges

...

Dam•• :

and

EST~TES OF BENEFITS

RECOMMENDED PLAN

OTHER PLANS CONS IDERED

f·

Plan·

Short levees along Salt River' between 40th
Street, Phoenix, and Tempe Butte, Tempe;
channel improvements along Gila ~d Salt
Rivers from Gillespie Dam to Granite Reef·. Dam; .:,
and flood-control storage added to the ,p:r.;9- ,.:
posed terminal-storage reservoir at the~ '. .,' :
McDowell site 0 ..... • :~, :e..•• ...... :

Short"'1evees along Salt River between 40th
Street, Phoenix,' and Tempe Butte, Tempe;
channel improvements along Gila and Salt
Ri~ers from Gillespie Dam to Granite Reef

Levee along Salt River 'between27th Aven).l~,:, nt.·
Phoenix, and Tempe Butte, Tempe; and chann~;I.

improvements along. Gila and Salt Rivers f,~pm

Gillespie Dam to Granite Reef Dam••••••• ~~••••• :
.f

, 98. Tangible benefits.--Tangible primary benefits from plans
of improvement considered in detail would result from prevention of
p~imary (direct and indirect) flood damage and from reduction of
water losses resulting from transpiration of river-bottom growth.
Such secondary benefits as may exist are small and have' not been
included in the evaluation of the project. Consideration of the
benefits from construction of McDowell multiple-purpose reservoir
was restricted to the benefits from the addition of flood-control
storage to a terminal reservoir at the site. No evaluation was made
of the benefits from construction of the terminal-storage·feature.
Although power facilities probably would be constr~cted at McDowell
neservoir in connection with t~e terminal storage, the addition of
flood-control storage space would not appreciably increase the amount
of power generated. The rapid drawdown of the flood-control storage
would preclude the generation of power from this source.

• r

99. No appreciable benefits would result from increased or
higher property utilization made possible through provision of flood
pr~tection. The acute shortage of water in the area would preclude

•



any'''i~pr:eCiable inq'~a~ed agricultural h·bil.i~·ati~n of property. in:
addition, other develooment of the flood plain in the Phoenix and
Temp'e"'a::FecI' is pcoceedip.g in spite of the existing flo<X1 .hazard.

'. , .••,... •• t

~ido. A detailed analysis of benefits from the plal's of improve­
melTt-11licter consideration is given in Appendix 5: Benefits ·from
improvements. A brief description of benefits under the recommended
plan is given in the following paragraphs. A summary of the esti­
mated benefits that would accrue from the three plans of improvement

. considered in detail is given in a subsequent table.

".f ,1G~. Benefits from prevention of flood dama e. --The levees along
Salt~River between Oth Street, Phoenix, and Tempe Butte, Tempe, and
the channel improvement would provide complete protection against the
standard project flood to most of the city of Tempe and a part of the
city of Phoenix, but only partial protection for an additional area
in the city of Phoenix and the adjacent commercial and agricultural
area. Low-lying lands downstream from the levees would still be sub­
ject to inundation. However, a breakthrough similar to the one that
occurred during the flood of 1891 would be prevented. In addition,
damage to most of the Sky Harbor Airport, to the Grand canal, and to
thE;;.cooling system of the Cross-Cut power plant would also be prevented.

102. Construction of channel improvements along Gila and Salt
Rivers from Gillespie Dam to Granite Reef Dam would provide partial
flood control to additional pr~perty along Gila and Salt Rivers by
incr~~&ing channel capacities with attendant lowering of the water­
surface elevations of future flo'ods and with resultant reduction in
the extent 'of the flooded-areas. The average water-surface eleva­
tion of the standard pro.iect flood along Gila River from Gillespie
Dam to the mouth of Salt River would be reduced by about 3~ feet.
Reductions would range, depending on location, from l~ feet to 5t
fee~., , Nondamaging discharges in this reach would be. increased from
ab,out ~'O,OOO, cubic feet per second (a dlscharge that would be equaled
or exceeded about once in 3 years) to about 40,000 cubic feet per,
second. (a discharge that would be equaled or exceeded about once in
5 year.s). As indicated in the previous paragraph, IIDamages from .
future floods - average future conditions," the stream channel along
the. Salt River is relatively clear at present. However, on the occur­
re~ce of a wet cycle or of spills over Stewart IvIountain or Bartlett
Da,m~, phreatophytes will reoccur and would probably create a serious
floo~ problem. The proposed clearing program would prevent the recur-

.•.J .
renee of this phreatophytic growth and would thereby prevent those
damages that would occur under average future conditions a~ a result

. of ~he deteriorated channel condition. Analyses of the effect of
clearing along the Salt River were based on detailed studies along
the Gila River. It is not expected that phreatophytic growth along
the Salt River would be as severe as along the Gila River. As a
result of construction of the proposed channel improvements along
.the Salt River, the average water-surface elevation of the standard
project flood along the Salt River from Granite Reef Dam to the mouth
would be reduced under average future conditions by about t foot.
Reductions would range, depending on location, from 0.2 foot to
2 feet. Nondamaging discharges in this reach would be increased
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about 10 percent, from about 50,000 cubic feet per second to 55,oPo
cubic feet per second. ,The aver~g~ annual flood-control benefits
from construction of the recommended plan are estimated at $226,000 •

. '10)'. Benefits from water conservation.--The clearing of phreato­
phytes from a 2,000-foot-channel ~long Gila and Salt Rivers from
Gillespie Dam.to.Granite Reef Dam would result in a savings,ot.a
minimum of 16,000 acre-feet of water annual~. Conservation of the
water resources of the area is essential in order to sustain land
already under ,cultivation. In accordance with the recommendation of
the 'Federal: Inter-Agency River Basin Committee I s report 'titled';
"Proposed Practices for Economic Analysis of River Basin'ProJects,"
dated May 1950, the net primary benefits from water conservation are
evaluated in this report on the basis of such increase in production
of irrigated crops as would result from construction of the project.
This increase in production would result from construction of th€'
project and also from the application of associated resources. Thus,
the net benefit from water conservation would be the difference between
the gross crop return to the farmer and the associated farm costs,
which would include operating costs for production, interest on invest­
ment, maintenance and depreciation of equipment, property taxes, and
management costs. After considering all the above factors, the value
of water conserved by the elimination of transpiration losses from
phreatophytes is estimated at $8 per acre-foot (see appendix 5). The
average annual primary benefits from the conservation of a minimum
of 16,000 ~cre-feet of water are estimated at $128,000.

104. 'Intangible benefits.--Many benefits not susceptible of '
monetary evaluation would accrue from the improvements co~idered

in this report. Control of floods would save lives that might other­
wise be lost by drowning and would reduce health hazards such as
water-suppiy pollution resulting from overflow of sanitary facilities.
Flood control would reduce the danger of temporary isolation of
communities and would lessen the interference by floods with normal"
home and social life, public affairs, business transactions, and
industrial: activity. The safeguarding of the city of Tempe from all
floods up to the standard project flood in magnitude and the preven~

tion of a breakthrough into Phoenix similar to the 'one that flooded
Phoenix in 1891 would result in large intangible benefits. The '
prevention of damage to the Grand canal of the Salt River project
and the prevention of damage to the cooling system of the Cross-Cut
power plant would result in large intangible benefits from prevention
of interruption of irrigation to lands served by the Grand canal and
the prevention of interruption of the power plant. Removal of the
phreatophytes would improve flow conditions in the river channel and
would thereby improve drainage conditions, .. especially in Buckeye and
Arlington Valleys. Such benefits are considered intangible. '

lOS. Intangible benefits from liater conservation would include
(a) stabilization of property values by partially alleviating the exist­
ing water shortage and (b) general improvement in the long-term social
and economic welfare. The effect on the nation of the increased produc­
tion of agricultural products is also considered an intangible benefit •
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106. Summary of benefits.~-The estimated annual benefits that
would accrue from construction of improvements under the plans con­
sid~red are summarized in the following table:

Estimated average annual benefits from plans considered, Gila and Salt
Rivers, Gillespie Dam to McDowell Dam site, Arizona

Plan

·RECOMMENDED PLAN

Average annual
tangible primary benefits

Flood Water'
damages conser- Totc.l.l

prevented vation

Intangible
benefits

Short levees along Salt
River between 40th
Street, Phoenix, and
Tempe Butte, Tempe;
and channel improve­
ments along Gila and
Salt Eivers from
Gillespie Dam to
Granite Reef Dam.

OTHER PLANS CONSIDERED

Short levees along Salt
River between 40th
Street,' Phoenix, and
Tempe Butte, Tempe;
channel improvements
along Gila and Salt
Rivers from Gillespie
Dam to Granite Reef
Dam; and flood-control
.storage added to the
proposed terminal­
storage reservoir at
:the. McDowell site.

·"·

..·

$226,000

595,000

$128,000

128,000

$354,000

723,000

·..

Large.

Do.

Levees along ~a.lt River
between 27th Avenu~,

.Phoenix, and Tempe
. ~u:tte, Tempe; and" .

channel improvements
along Gila and Salt
RiversfroI)1 Gillespie
Da"m t.o Granite. Reef, "

. Dam.

"··
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128,000

" ..

525,000 ..·

·..

Do.
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COMPARISON OF BENEFITS AND COSTS

. -.. . ~ .~. .... "" .. .,.. ..

~. 107. Justification of improvements considered.~-The recommended
,'plan of improvement provides for short levees along Salt R~ver betwe~n

40th Street, Phoenix, and Tempe Butte, Tempe; and channel improvements
l!' • along Gila and Salt Hivers 'froiD: 'Gille'spie Dam to Granite Reef Dam. :

, :' The first cost of the improvements is estimated at $'3,570,000
. (October 1957); and the average annual charg~~, $178,900. The total

average annual primary benefits are estimated at $35:4,000, includilig
$226,000 for flood control and $128,000 for water conserv-a~ion. The
ratio of average annual primary. benefits,to ~ver~e ~ual costs
~ould be 1.98 to 1. Accordingly, the improvements are justified. '

',The large intangible benefits previously discussed add support to :
this conclusion.' A summary of the estimated costs, ,benefits, and :
economic ratios for all plans considered in ~etail is given in the'
following table:



Summary of economics of plans considered, Gila and Salt Rivers, Gillespie Dam to McDowell Dam site, Arizona

Plan

RECOMMENDED PLAN

Total
first
cost

(October
1957)

Average
annual
charges

Average ': :_.
annual : Benefit-.:
tangible: cost
priIDary .: 'ratio
benefits ;

·....·

J

rntan­
gible

.bene;fits

"

;. : ..

Short levees along Salt River between 40th Street,
Phoenix, and Tempe Butte, Tempe; and channel
improvements along Gila and Salt Rivers from
Gillespie Dam to Granite Reef Dam.

$3,570,000 :$178,900 $354,000 '1.98 .Latge.
':: i

··. ;

t.
orHER PLANS CONSIDERED

Short levees along Salt River between 40th Street,
Phoenix, and Tempe Butte, Tempe; and channel
improvements along Gila and Salt Rivers from
Gillespie Dam to Granite Reef Dam; and flood­
control storage added to the proposed terminal­
storage reservoir at the McDowell site.

Total amount•••••.•.••.•.•.•......•.••.••••.••• : 9,270,000
Amount incremented to recommended plan••••••••• : 5,700,000

723,000
369,000

··.

I •,

·. .
.:

. :

Do.

~ '\ ,~ .~: .

·"·.~t- ,':-:.:
" ~'.'

: ~ ~.~::~.

Levees along Salt River between 27th Avenue,
Phoenix, and Tempe Butte, Tempe; and channel
improvements along Gila and Salt Rivers from
Gillespie Dam to Granite Reef Dam.

Total a.m.otmt ... 0 •••••••••••• 0 0 •• 0 0 a 0 •• 0 0 ••••••• :

Amount incremented to recommended plan•••.•.••• :
10,990,000

7,420,000
477,500
298,600

525,000
171,000

':
:. :: ~:.

0.57

· '·

· .· Do.



* On the basis of OctOber 1957 prices, allocation of construction
costs to water.conservation amounts·to 25 percent of the construction
cost of $3,300,000, which includes all planning and design costs
subsequent to authorization.

. . . .
109. ,The separable costs-remaining benefits method was used in

arriving at an equitable distribution of costs be,tween flood contrQl ~d
wate! conservation. ,The recommended levees and low-flow channels would
provide flood~control benefits only, whereas recommended channel clearing
would provide flood-control and water-conservation benefits. The
following table summarizes the results of using the separable costs­
remaining benefits method in the allocation of first costs for t~e

recommended plan of improvement to flood control and water conservatioIl•.
A more detailed development of the method of allocation of coste is giVen
i~ 4ppendix 1: Allocation of Costs.

• I· t

based on
Gila and

Total

R. 8/13/58

rovement
site Arizona

··, *$825,000 $3,300',000··
15,°9° 60,~oo

52,000 210,000
I ~

893,000 . 3,570,000.
.~, .

Water
:. conserva­

tion

Flood
control
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ALLOCATION OF COSTS

Item'

October 19

",

Salt Rivers

108. Comparison of plans.--The recommended plan providing for
short levees along Salt River between 40th Street, Phoenix, and Tempe
Butte,. Tempe, and,channel impro~em~n~s a~png Gila and.palt Rivers'
from, Gi~l~sp,ie Dam to .G;rani te:Reef .p~ ,is ~he bes t plan with· a benefi t­
eos t ,rl1:tio of 1.98 to .1. . Al th?:ugh: th~~ B;~dj,.tion tp the. ;r:ecommended
plan o.f flood-con"trol s.tQrage at a ·tenninal.reservoir at the McDow~ll.

si te .is j'\~s;tifi.ed as compu..te9:-,:...the ~~~.proY~ding.for this addition' .
cannot pe ,fu,Fther cQnside~ed 1llltil. terminal storage is provided att :tpe
McDowell s'.~ te~ ~.~he_ ,re·port. of t~e Uni ted S~a.te:s :Bureau of Re:Clamation
on the central Arizona project, which includes the recommendation for
construction of the terminal-storage reservoir, was transmitted to
Congress, but ~~cisio~ on the project has been held,in.abeyance pending
settlement in the Supreme Court of the controversy between the States
of ~iz6na and California regarqing,rights to Color~do River water•
.At'; ~h~ Pfe.s~n t t+~e,. no bas,is ex'i s ts fpr de termination of the outcome
of ~he.6ontroversy. Ho~~v~~, the plan'for multiple-purpose utilization
of·the.McDowell Reservoir' s~te has value in future planning for the
development of the water resources of' the area. Levees along the $alt
River b~tween 27th ~venue"Phoenix, anq Tempe Butte, Tempe, alt~ough,
prov~ding nearly complete protection :to Tempe, Phoenix, South Phoentx,,'
and "adjacent commercial areas, are not justified at the present time.

TotaL ••••••• ;.••••••. ~:' ;2,677,Oab

Allocation of

First cost: :
Cons truction•.•.••.••••• ; •••• : .$2 ,'475,000
Preauthorization studies ••••• : 45,000
Rights-of-way and highway.'

and utility relocations •••• : 157,000
I

•

•



110. In accordance with the general 'policies expressed in acts of
Congress, the cost of the construction items all~cated to flood control
would be borne by the United states; and the cost of all highway and
utility re~ocations, the cost of all lands, easements, and rights-af-way,
and the cost of all maintenance and operation' would be borne by local
interests. The costs of all preauthorization, studies are considered' in
this report to be nonreimbursable and thus would be borne by the
United States.

Ill. Reclamation law permits local interests to'repay in 40 years,
without interest, that part of the first cost of reclamation projects
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. Local
interests have agreed to enter into a contraot with the United States
for repayment of the construction costs allocated to water conservation,
such costs to 'be repaid without interest, in 40 equal annual payments.

112. The recommended levee and channel-improvements works would
be constructed by the United States at an estimated construction cost of
$3,300,000, based on price levels prevailing in October 1957, subject to
reimbursement by local interests, in consideration of water-conservation
benefits, of 25 percent of the total construction cost in 40 equal annual
paymen~s without interest. On the basis of October 1957 priqes, the
estimated amount of $825,000 would be repaid in' 40 equal annual payments .
of ,$20',625. The allocations and repayments would ,be adjusted on the basis
of actual construction costs.

113. On the foregoing basis, local interests would (a) provide all
rights-of-way and pay for the cost of all negessary highway and utility
relocations; (b) maintain and operate the entire project at loca~ expense
after completion; and (c) reimburse the United States in 40 equal annual
payments, without interest, for that portion of the project construction
cost that ~s allocated to water conservation.

114. Federal laws that permit interest-free repayments of cost~

allocated to water conservation generally require that individual
ownership of lands benefiting'from irrigation projects constructed
under these laws be limited to 160 aeres. However, the project, as ,
proposed, involves the salvage of water presently used nonbeneficially
by river-bottom growth. The water conserved would not be delivered
to any individual, group, or irrigation district - but wo~ld be made
available to the ground-water basin to be use~ ~y all farmers who
pump water from the underground. The ground-water basin benefi,ted
is not a closed ba~in, but underlies nearly all the irrigated land
in Maricopa County. The Boar4 of Supervisors of Maricopa County has
recognized the general benefit to the county that would re~ult from
the salvage of warer and has passed a resolution sponsoring the
project, and has agreed to repay all costs·allocated to irrigation.
The district engineer is of the opinion that the 160-acre limitation
should not be applied to the project because (a) the water salvaged
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CrY" 'Adjust all water-rights claims res-lIlting from ?o,r1struction,
operatI~n, and maintenance of the improvements. .

(e) Hold and save the United States free from all damages arising
froIl). ;construction and operation of the work; and

. 47

(b) Maintain and operate the levee and channel improvements in
accordance with regulations to be prescribed by'the Secretary of the
Army at an average annual cost estimated at $53,000;

'(c) Keep the flood channel of the Gila and Salt Rivers from
Gillespie Dam to Granite Reef Dam free from encroachment;

COORDINATION vITTH OTHER AGENCIES

116. The Board of Supervisors, Marie opa County,' Arb., has
expressed willingness to participate in a flood-control project con­
sisting of levees, channel rectification, and channel clearing along
the Gila and Salt Rivers. The Board has agreed by resolution (see
appendix 8) to cooperate ~th the Federal Government qy paying the
local interests' share of the costs of the project and by'meeting
other requirements of local cooperation.

115. As a requisiie~to construction of the recommended plan by
the United States, responsible local interests would be required to:

(a) Pay for the cost of highway and utility relocation and pro­
vide necessary lands, easements, and rights-of-way at a cost estimated
at $210,000 (October 1957) ;

.oj

would accrue to the ground-water basin and could only be obtained by
pumping and (b) the benefits of the salvaged water could not be
limited to any individual group or irrigation district.

PROPOSED LOCAL COOPERAT ION

(d) In consideration of water-conservation benefits, reimburse
the United States an amount equal to 25 percent of the total construc­
~ion cost in 40 equal annual payments without interest. On the basis

',pr October 1957 prices, the estimated amount of $825,000 would be
. repaid in 40 equal annual payments of $20,625. The allocations ~nd

repayments would be adjusted on the basis of actual construction costs.
Annual payments will be made to the Secretary of the Interior who, in
turn, will deposit such funds in the Treasury of the United States as
miscellaneous receipts;

117. Conferences on the related problems of flood control and
I. water conservation along the Gila and Salt Rivers from Gillespie Dam

to McDowell Dam site have been held with representatives of the United

.' ,



States Bureau of Reclamation. In general, agreement was reached ~n

the existing need for flood control and water conservation in the area.
Both agencies agree that flood-control storage should be included in
a reservoir at the McDowell site when a reservoir for terminal storage
at the site is authorized and approved for construction by Congress.

, The evaluation of water-conservation benefits from construction of the
recommended plan of improvement was worked out jointly between repre­
sentatives of the Corps of Engi~eers and the Bureau of Reclamation.
The proposed allocation of costs and the proposed repayment of those
costs allocated to water conservation was discussed with representa­
tives of the Bureau. Those representatives were in accord with the
recommendations of the Corps of Engineers.

118. Conferences were held'with representatives of the United
States Department of Agriculture to correlate their plans with plans
developed by the Corps of Engineers. A study of the use of water by
phreatophytes in a 2,000-foot channel between Granite ,Reef and Gillespie
Dams, AriZ., was made by the United States Geological Survey upon the
request of the Corps of Engineers (see appendix 6). "

119. In a letter dated April 13, 1951, the regional director,
Region 2, of the Fish and Wildlife Service indicated that construction
of the levee and channel improvements along the Gila and Salt Rivers
from Gillespie Dam to Granite Reef Dam would have little effect upon
the fish and wildlife values in the project area (see Appendix 9:
Comments of other agencies).

120. Conferences were also held with representatives of local
agencies, including the Salt River Valley Water Users' Association
and the Buckeye Water Conservation and Drainage District. Comments
on this report were received from all other Federal agencies having
an interest in water-resource development and from the States of
Arizona and California (see appendix 9). Plans for the recommended
improvement do not conflict with plans of other Federal and non- .
Federal agencies.

DISCUSSION

121. The Gila River Basin, the largest drainage area tributary
to lower Colorado River, comprises about 58,200 square miles, mostly
in Arizona and New Mexico. That part of the Gila River Basin that
is under consideration in tqis report comprises the Salt River Valley
between McDowell Dam site and the mouth of Salt River and the Gila
River Valley from the mouth of Salt River to Gillespie Dam. The
drainage area of Salt River at the McDowell Dam site is 12,900 square
miles and of Gila River at Gillespie Dam is 49,600 square miles. The
Gila River rises on the west slope of the Continental Divide in south­
west New Mexico and flows generally westward about 650 miles to the
Colorado River.

122. The principal tributaries that join the main stream in the
area under consideration in this report include, in downstream order,
Salt, Agua Fria, and Hassayampa Rivers, and Centennial Wash. In
general, stream slopes are not excessive. The average slope of the
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Salt River from McDowell Dam site to its junction wi.. th the Gila River
is about 9 feet per mile; the average slope of the Gila River from
Salt River to Gillespie Dam is about 5.5 feet per mile.

123. The area affected by improvements considered in this report
lies entirely in and includes most of Maricopa County, Ariz., one of
the most rapidly growing areas in the United States. According to
the United States census, the population of Maricopa County increased
from 186,000 in 1940 to 332,000 in 1950. A local agency estimates
the 1957 population of the county at 550,000. Several cities, includ­
ing Phoenix, the capital ano largest city of Arizona, are affected
by the improvements considered. The 1950 populations of these cities
are: Phoenix, 106,818; Mesa, 16,790; Glendale, 8,179; Tempe, 7,684;
Chandler, 3,799; and Tolleson, 3,042.

124. The principal activities in the area under consideration
are agriculture and stock raising. About 300,000 acres were irrigated
in the area in 1956, providing an annual gross crop value of about
$85,000,000. The city of Phoenix is the trade and service center for
most of Arizona. The estimated value of retail sales in Maricopa
County in 1956 was $705,000,000, which was over 50 percent of the
State total. The agricultural economy of the valleys along the Salt
and Gila Rivers is 1,Jell stabilized. The area is adapted to a wide
range of agricultural crops. Principal crops include alfalfa, barley,
cotton, and truck crops. Many acres are double-cropped. Agriculture
is entirely dependent on irrigation. Irrigation water is obtained
by surface diversions and by'pumping from the underground.

125. Measurement and estimates of floods of record are available
for the period 1888 to date. Large floods during this period occurred
in 1891, 1905, 1916, 1920, and 1938. The greatest flood of record
occurred in February 1891; the peak discharge of Salt River downstream
from the mouth of Verde River was estimated at 300,000 cubic feet per
second. Major floods result from winter storms over the Gila River

. Basin. Available data on damages from past floods are incomplete.
The flood of February 1920 caused an estimated damage of $300,000 to
Salt River project lands. Since 1910, eight storage reservoirs for
water conservation and power have been constructed on the Gila River
and its tributaries upstream from Gillespie Dam. Their combined
capacity is about 3,500,000 acre-feet. Since this water-conservation
storage has been provided, some incidental flood control has been
gained, especially immediately following a period of depleted water
supply. However, because of the great need for water for irrigation
and power, all reservoirs are filled to maximum capacity whenever
possible, thus eliminating at that time most of the flood-control
features.

126. Salt River downstream from Granite Reef Dam and Gila River
downstream from the mouth of Salt River to Gillespie Dam flow through
developed commercial and agricultural areas. The cities of Phoenix
and Tempe and the communities of 18hi, South Phoenix, and Liberty
are subject to inundation. Because most floodflows were curtailed
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through storage, the combination of a comparatively dry river channel
and a high water table has provided opportunity for an infestation
of water-loving plants (phreatophytes) that in some places grow to
almost maximum density. With the channel thus choked, the occurrence
of even a small flood on the Salt and Gila Rivers could result in
serious damage .to highly improved rural and urban areas.

127. Flood problems in the Gila River Basin are related closely
to the problems of water conservation and water utilization. The con­
struction of the existing water-conservation reservoirs on the Salt
and Verde Rivers has conserved for use most of the flow of these
streams. However, because of the nature of the streamflow, utiliza­
tion of the runoff is incomplete. The volume that would have spilled
from existing reservoirs during the period 1923 to 1957 is estimated
at 860,000 acre-feet; and all of it would have occurred during the
four flood seasons 1927, 1932, 1937, and 1941. In order to conserve
this flow, a large holdover storage capacity would need to be pro­
vided, with attendant sever~ evaporation losses. Phreatophyte growths
within the channel area transpire tremendous amounts of water annually.
The minimum average annual transpiration from a 2,000-foot-wide channel
from Gillespie Dam on the Gila River to Granite Reef Dam on the Salt
River during a 50-year period, under present conditions of water use
(assuming no importation of water from outside the drainage area of
the Gila River), is estimated by the United States Geological Survey
at 22,000 acre-feet at le?st.

128. Preliminary studies were made of plans for flood control
by channel improvements; levees, flood-control reservoirs, and
multiple-purpose reservoirs. Construction of a terminal-storage
reservoir at the McDowell site on the Salt River has been recom­
mended by the United States Bureau of Reclamation as a part of the
proposed central Arizona project. Preliminary analyses indicated
that flood control alone, water conservation alone, or the combina­
tion of flood control and water conservation at this site is unjusti­
fied. Consideration was'therefore given to the justification of
providing flood-control storage or flood-control and water-conservation
storage in addition to the storage required for a terminal reservoir.

- 129. Detailed consideration.was given to three' plans of improve­
ment, as follows: (a) The recommended plan, which would provide for
short levees along the Salt River between 40th Street, Phoenix, and
Tempe Butte, Tempe; and channel improvements along the-Gila and Salt
Rivers from Gillespie Dam to Granite Reef Dam; (b) a plan for short
levees along the Salt River between 40th Street, Phoenix, and Tempe
Butte, Tempe; channel improvements along the Gila and Salt Rivers
from Gillespie Dam to Granite Reef Dam; and flood-control storage
added to the proposed terminal-storage reservoir at the McDowell
site; and (c) a plan for levees along the Salt River between 27th
Avenue, Phoenix, and Tempe Butte, Tempe; and ~hannel improvements
along the Gila and Salt Rivers from Gillespie Dam to Granite Reef
Dam.
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130. Levees along the Salt River between 27th Avenue, Phoenix,
and ~empe Butte, Tempe, would prevent nearly all damages to the oity
of Phoenix, the city of Tempe, the community of South Phoenix, the
commercial area between the Phoenix city limits and the Salt River,
and the~gricultural area on both sides of the Salt River between '.
Tempe and Phoenix. However, such levees were found to be unjusti~r.

fied at this time. Consideration was therefore given to a short
levee' system from 40th Street~ Phoenix to Tempe. These levees '
would provide only partial protection to the city of Phoenix and
adjacent commercial and'agricultural areas by preventing a recur­
rencd,' of"'a breakthrough similar to the one that occurred during
the flood of 1891.

131. Consideration was also given to adding flood-control
storage to the proposed terminal-storage reservoir at the McDowell" .'
,site: The addition of flood-control storage to a terminal-storage
'reservoir at the McDowell site was found to be justified. ' However,
"the study was based on the assumption that provisions for terminal
storage at the McDowell site' would be required as a part of the
central Arizona project recommended by the United States Bureau of
Reclamation. The report on the central Arizona project was trans­
mitted to Congress, but decision on the project has been held in
abeyance pending settlement in ,the Supreme.Court of the controversy
between the Stat~s ~f,Ati~6na and Callfornia'regarding rights to'
Colorado River wate'r.' At Ph~.:~~*~s·ent'. t~m~, no basis exists for ;
determination of the outcom~"'bf-the cbritroversy. However,' the plan
for multiple-purpose utilizat+bri of the McDowell Reservoir site has
value in future plg,rining.. :f,or;,the development.of the water resources
of the area. '. ' .. '.; ,-

132. Under the recommended plan of improvement, complete pro­
tection against the standard project flood would be provided to most
of the city of Tempe and a part ot the city of Phoenix, but· only .
partial protection for (a) an aaaitional area in the city of Phoenix
and the adjacent commercial and agricultural area, and (b) add~tio~~i
property along the Gila and Salt Rivers from Gillespie Dam to Grariite
Reef Dam. In addition, a minimum of about 16,000 acre-feet of water
would be saved annually by the clearing of the phreatophytic growth.

133. The total ,first cQst of the improvements under the recom­
mended plan is estimated at $3,570,000 (October 1957), comprising
$1,240,000 for the shor,t levees and $2,330,000 for the channel improve­
ments. Annual charges 'for maintenance and operation are estim~ted at
$53,000. The total annual charges under the recommended plan would'be
~n78,900.

134. For the recommended plan, the average annual tangible
. benefits from flood control are estimated at $226,000 and the aver­
age annual tangible benefi~s from water conservation, at $128,000.
The. total average annual tangible benefits therefore would be ,
$354,000. The resultant benefit-cost ratio would be 1.98 to 1~
In addition, the intangible benefits from flood control would include
(a) prevention of loss of life; (b) prevention of interruption of
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howe life, pUblic, q1.~airs, business transacti ons, and industriai.f
activity,; and (c) improvement of drainage conditions. Intangible
benefits from water conservation would include a stabilization of
property, values by partially alleviating the eXisting water shortage'~

and a: general improvement in the 'long-term social and economic ' ,-
welfare. The project is justifiea.~ ;, ,~"

135. Allo~ation of costs between flood control and water con~'
, I " ,

servation was arrived'at by use of the separable costs-remaining
benefits ~lletho,q~",Costs of the recommended' plan allocated to fl'oocL'"
control and water' conservation were further apportioned in accordanc~

with the general policies expressed in acts of Congress. Under this<
apportionment, ,local interests would repay, to the United States,
25 percent o:f"the total construction cost in 40 equal ahhual payments
witho\1t int'er'es't. Based on the present (October 1957) estimated don..:
struc~~on co~t for the project of $3,300,000, the total local reim­
bursement in donsideration of 'water-conservation benefits 'would amount
to $'82~;Obo and' the annual JEyfuents by local interests for the 40-ye'ar
period wou~~ amount to $20;625. !~e actual amount'of local reimburse­
ment would be adjusted on the basis of actual construction costs.
In addition to such annual payments, loc~l interests, at their
own expens'e, would (a') pay for the cost of highway and utility relo­
cat':ccln~."c#id ,provide necessary lands, easements, and rights-of-way at
a cost e~tlmated at $210,OOO'(October 1957), and (b) maintain and
operate'th~comp1eted project 'at an average annual cost estimated
at $53,000. Because of the special 'circumstances ..Therein the water­
conservation benefits would be realized, the district engineer is
of the opinion that the 160-acre limitation should not be applied
as a prerequisite for this project's qualifying for interest-free
funds.

136. The plans of improvement and the general requirements
of cooperation were discussed with local interests. The Board of
Supervisors of Maricopa County, Ariz., has expressed its lvi11ing­
ness to participate in the costs,of,th~ project and in meeting
other items of local cooperation.

, ~.

CONCLUSIONS

137. The district engineer concludes that:

(a);,' A flood menace exists along the Gila and Salt Rivers'
from GIllespie Dam to Granite Reef Dam.

(b) River-bottom growth within the channels of the Gila and
Salt RI~~rs is a major flood hazard and transpires large amounts
of "w-ater annually.

(c) Complete protection to most of Tempe against the standard
project flood, partial protection to Phoenix and the adjacent com­
mercial and agricultural are~s; and partial protection to other

,i. I

e: i .
52



RECOMMENDATIONS

138. The district engineer recommends:

([) The...tota1 first cost of the proposed improvement. would be
$3,570,+000 (Oc;tpber 1957)" and the total annual charges would be
$178,900. The average annual tangible benefits from t~is imp,rove- "
ment would be $354,000.

R. 7/17/58
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areas along the Gila and Salt Rivers between Gillespie Dam and Granite
Reef Dam can b~ provided by:construction of short levees along Salt
River. between 40th Street, Phoe~ix, and Tempe Butte, Tempe, and channel
improvements along the Gila and' Salt Rivers. from Gillespie Dam to
Granite Reef Dam.

(2) The proposed improvement ~ould result in the salvage of at
least 16,000 acre-feet 9f water annually, which would be available
for benefic,ial use. To"assure t.his saving, adequate maintenance
would be required.

(~). In consideration of the watef-conservation benefits that
would result from construction of the recommended project, local
interests should be required to reimburse the United States· for that
part of the project construction cost allocated to water conservation,
and such reimbursement should be made in 40 equal annual payments
without interest.

(g) The ra~io of tangible ~enefits to. cost would be 1.98 to 1.
The proposed .p.roject is feasible, ..from an engineering standpoint and .
is well justified by the .. tangib.i~·~4 :intangible benefits. .

(h) The inclusion of sUffi~i~~t' flood-control space in a reser­
voir at the McDowell site to control the standard project flood would
be justified in conjunction with development at that site of the
terminal storage for the reclamation project proposed in House Document
136, 8lst Congress, 1st session. Such flood-control space would be
a desirable supplement to the qbove levee-and-channel improvement plan
in orde;r to insure an .adequate,·,degree of flood p;roteotion in the future
for the rapidly growing urban area in the vicinity of Phoenix.

(£) That the Corps of Engineers, United States Army, construct
the levee and channel improvements at a Federal construction cost esti­
mated at $3,300,000 (October 1957) subject to the condition that local
interests furnish assurances satisfactory to the Secretary of the
Army that they will (1) pay for the cost of highway and utility

(~) That the United States adopt a flood-control and water­
conservation project for the construction of short levees along the
Salt River between 40th Street, Phoenix, and Tempe Butte, Tempe, and
channel improvements along the Gila and Salt Rivers from Gillespie
Dam to Granite Reef Dam at a total first cost estimated at $3,570,000
(October 1957), of which $60,000 have been expended on preauthorization
studies, and an average annual maintenance and operation cost estimated
at $53,000.



'relb..c~tions and provide necessary, lands;' easemertts~ and rights-of-way
at a cost, -estimated, at $210,000:' (O,ct:ob,er 1957~;' (2) maintain and <'
operate the levee and' channel imp:rs>vl9m.ents_,j.n_a~cordancewithregu-
lations :to be'prescribedby,j,he'Secrewy of the AIiIiy-at an'average- '
annual cost estimated at $53,000; (3) keep the flood channel of t!:l8 , -,
Gila and Salt Rivers free from encroachment; (4J'r-epay, to the United
States, 25 percent of the total construction cost in 40 equal '~npual

payments without interest (the exact amQ~t of the annual payment~,
presently estimated' at $20,625, to be adj!~sted on the basis '9+ ac_tu,al
costs of constructing the project; annual payments to be made to 'the,
Secretary of the Interior who, in turn, will deposit such funds in
the Treasury of the United States a3 misge~~aneous receipts);
(5) hold and save the United States free, ;ftl(om all damages; !'lJ:is"ing
from construction and operation of the work; and (6) adjust :C!-:ll '
water:-rights claims resulting from cons~~ction, operation,,:and ".
maintenance of 'the improvements. ;~): ' ,

(0) That, because of the special circumstances wherein the
water-conservation benefits would be r~aiized, the 160-acre limita­
tion on ownership of lands benefiting from the water-conse~vatJqn

fea-tures, ,of the project should not be 'applied as a prerequisit~

for this project's qualifying for interest-free funds.

. (d) : That, in the event tHe' McDowell ~servoir, proposed in
House Document 136, B1st Congress,.1stse~sion, is adoptl;ld, ,for
construction; the design be modified td ,provide such additi<)'rial
flood-control storage as is determined to be needed and justified
at that time. '

, 9, .APIOep.dixes '
:.,~See,table of 'contents)
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FOREt-JORD

This inclosure contains the hydrology of the Gila
and Salt Rivers between Gillespie Dam and McDowell Dam
site.

The hydrologic analysis presented in this inclosure
is not based entirely on the latest methods for develop­
ing the maximum probable flood discharges for the area
adopted by this office and approved by the office, Chief
of Engineers. Revised hydrologic procedures, which have
been developed since the original analysis given in this
appendix, are now being used for developing maximum
probable discharges based on neN'methods of snow hydrology.
In addition, loss rates for two subareas (below McDowell
Dam site) have been revised for standard project flood
discharges as the result of more detailed study of soil
types indicating greater infiltration rates.

A comparative study of present hydrologic methods
presented in the district engineer's report dated August
1, 1954, am titled "Design Memorandum No.1, Hydrology
for Painted Rock Reservoir, Gila River, Arizona," and the
previous hydrologic methods presented in the district
engineer's report dated September 1, 1948, and titled
"Interim Report on Survey, Flood Control, Gila River and
Tributaries below Gillespie Dam, Ariz.," indicates that
the changes in peak discharges and flood volumes which
would apply to this report would be relatively minor and
unwarranted at this time.

The hydrologic analysis presented gives results
believed to be adequate for use in developing the various
plans of improvement considered. However, a review would
be made of the hydrology for the drainage area upstream
from any improvements that are adopted for construction.

iii



HYDROLOGY

GILA AND SALT RIVERS, GILLESPIE DAM TO HcDGlELL DAM SITE, ARIZONA

SCOPE

1. The studies described in this appendix were made to estimate
the magnitudes of the maximum probable and standard project floods at
each of five selected concentration points for which estimates were
considered necessary in flood-control planning for Gila and Salt
Rivers between Gilespie Darn and HcDowell Darn site. The five concen­
tration points are listed in table 1, and the locations are indicated
on map, plate 1.

2. Detailed basic hydrologic data for the entire Gila River.
Basin, including the area under consideration in this report, were
given in enclosure 2 of the dis trict engineer I s unpub lished report
dated December 1, 1945, and titled "Interim Report on Survey, Flood
Control, Gila River and Tributaries above Salt River, Ariz. and N.
Mex." Therefore, only such hydrologic data are given as are neces­
sary to an understanding of the methods employed.

3. In order to show the relationship of this hydrology to that
given in the district engineer's report titled "Interim Report on
Survey, Flood Control, Gila River and Tributaries below Gillespie
Dam, Arizona," dated Septa;nber 1, 1948, the computations were carried
downstream to Painted Rock Dam site, which is on Gila River, mile 126.

DRAINAGE AREA

4. Topographic and hydrometeorologic characteristica.~-TheGila
River Basin, which is an irregular area of 58,200 square miles (57,900
excluding all closed ~ainages) extending-from the Continental Divide
in southwestern New Mexico to Colorado River at Yuma, Ariz., includes
practically all the southern half of the State of Arizona and oonsti­
tutes a region of widely varying topographical and olimatological
characteristics. (For topographic map, see pl. 1.) The river, whioh
is 654 miles long, rises in an area of high mountains and plateaus,
and flows westward in a generally oentral course through the basin.

5. Much of the northern part of the basin is drained by Salt
River, the largest tributary, whioh joins Gila River at mile 198,
near Phoenix. The Salt River drainage area of 13, 700 square miles
(13,400 exoluding all closed areas) is extremely irregular and rugged.
Elevations rise commonly to more than 7,000 feet and, at San Francisco
Mountain in the Verde River Basin, to more than 12,000 feet. Verde
River is the main tributary to Salt River and comprises 6,620 square
miles (6,320 excl~ding all closed areas) of the Salt River drainage
area. The eastern portion of the southern part of the Gila River
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Basin consists largely of long desert valleys lying between north­
south ranges of rugged mountains; here the elevations, although rising
in pla<?es to above 10,000 feet, are generally lower. The s~)Uthwest

portion of the basin consists essentially of broad, flat, low-lying
desert valleys and isolated mountains of relatively low relief; com­
paratively few localities are more than 4,000 feet in elevation, and
a large part is below 1,000 feet; the elevation of the river mouth near
Ytuna is about 130 feet. Gillespie Dam is in the upstream part of this
basin, at river mile 164. Soils and vegetative types vary widely

, throughout the bas~n. .

6. The climate of the. Gila River Basin as a whole is .semiarid but,
depending principally upon. elevation, ranges .f:t:om hot and, arid in some
parts to cool and humid in others. The average annual precipitation
ranges from less than 4 inches in the lower desert to 30 inches or more
in the highest mountains. Most of the precipitation occurs in two dis­
tin?t seasons~ stunmer (July through September) and winter (December
through March), and is about equally divided between them. Little rain
falls 'during spring and autumn. During any season there may be many
successive rainless days. '

7,. S:ummer precipitation !!lay' l::e pla6ed in two general classifica­
tions. The first classification includes the sporadic showers and
cloudbursts of small areal extent that occur, usually from inSolational
heating of tropical maritime air that frequently invades the region
from the Gulf of Mexico or the Gulf of California and the South Pacific.
The second classification includes the general rains that result from
convergence, orographic lift, and frontal lift in situations where
frontal systems with associated tropical maritime and polar continental
or maritime air pass through the region; thunderstorms mayor may not
be associated witl1general rains in this classification.

8. In winter, most precipitation results from general storms that
are associated with extratropical c,yclones of North,Pacific arig~n.

Relatively localized showers commonly occur near the end of such storms.
Both the general winter and the general summer. storms may result in rain
over the entire ,Gila River Basin. On the average, the general winter
storms are longer in duration. They sone times produce rai'n that is
more or less continuous for several days. In winter, snow may accUmu­
late to considerable depths at elevations above 4,000 feet but practi­
cally never falls" at elevations 'below 2,000 feet.. Isohyets of .mean
annual precipitation are shown on plate 2, and isohyets of mean precipi-

, tation for the months of October through May are shown on plate 3.
. I.

'9. Flood causes.--The hydrologi~ records indicate that on lower
Gila 'River the greatest floods have resulted from storms of the general
winter type, and studies of rainfall and runoff relationships indicate
that the most critical runoff 'quantities would probably result from
such storms. In winter, the ground, throughout the basin is most
likely to be wet from other general, rains; the upstr~am reservoirs
are most likely to be full, or nearly full of water-for conservation
use; and the runoff 'due to snowmelt may be potentially great. In
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major storms the duration of appreciable floodflows varies but seldom
exceeds 8 days. The records show no large floods in lower Gila River
in summer. There are indications that general summer storms approach­
ing the winter storms in magnitude could occur over the entire river
basin, but probably the attendant ground conditions would be less
severe than those to he expected in winter. The size of the basin
tends to preclude the probability. of a great flood resulting from a
series of thunderstorms.

10. Control at upstream reservoirs.--1nJithin the Gila River
Basin are numerous dams but, unle~s.the quantity of water in storage
is low, only a few of these will exert an appreciable influence on
major floods. Pertinent data on the two existing reservoirs that
would have a considerable effect in regulating a flood of standard
project magnitude are tabulated below. The tabulation also includes
data on two dams providing flood control that have been recommended
for construction by the United States Bureau of Reclamation as part
of the Central Arizona project now pending for consideration in

. Congress. (See H. Doc. 136, Blst Cong., 1st sess.)

Important reservoirs in Gila River Basin upstream from Gillespie Dam, Ariz.

Drain- Reservoir capacity
Dam Stream age At spill- At top Purpose

area way crest of dam

§.g~ ··miles Acre-feet . Acre-feet.
Coolidge* ••••• Gila 12,900 **1,205,000 1,466,000 Water conserva-

River. : tion, power.
Roosevelt*••••• : Salt 5,830 ~h'n,382,000 1,622,000. Water conserva-

River. : : : tion, power.
Buttes-lHPk •••••• : Gila'-' lS,20ti : 400,000 530,000

' ,

Flood control,··River. : water con-
servation,

1,250 238,000
power.

Charleston~HH~ •• : San 319,000 Flood 9pntrol,
Pedro water' con-
River. : servation.

"

* Existing.
** Top of spillway gates.
~-* Recommended.

PRECIPITATION AND RUNOFF

11. General.--The following brief information on the extent of
available hydrologic records, together with short summaries of the more
noteworthy floods, 'is given to provide an indication of the quantity
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"and quality of data from which the standard project and maximum prob­
able floods have been developed and to furnish a standard for judging
the adequacy of those floods. Most of the information has been ab­
stracted from the unpublish~d 1945 survey report previous ly mentioned.

12. Precipita~ion records.--Precipitation records are avail­
able for more than 660 rainfall stations in and ~near the Gila River
Basin. Autogtaphic records are avai~ble for 44 pf the stations.
The earliest record (Fort McDowell) begins in July 1866. The longest
continuous record (Yuma) begins in 1870. The longest continuous auto­
graphic record .(Phoenix) begins in 19a). Most of the autographic
stations .have been established since J939. Many of the, records
since 1900 include i~formation on snowfall, and snow-course observa­
tions have been made since about 1937 at several locations in drain.
age areas of yarde, Salt, and upper Gila Rivers.

13•. Runoff records.--Runoff records ~re available for 95 stream­
gaging s'tations on Gila River and tributaries. The longest record
(Verde River near its mouth), which dates back to 1889, is nearly
continuous since 190). Records of discharges at most stations during
flood periods ar~ ~enerally inadequate ..

14. Floods.--Historical accounts' indicate that general floods
occurred in·1833, 18$2, a869, 1880, 1884, 1886, 1889, 1890, 1891,
1893, 1895, and. 1903.' Records since 1904 show that floods and/or
storms occurred in March 1905, April 1905, .November. 1905, March 1906,
December 1906, December 1914, January 1915, January 1916, October
1916, November 1919, February 1920, December 1923, September 1926,
February 1927, February 1937, March 1938, March 1941, and September
1946. The flood of 1884 was the earliest for which a reasonable
estimate of severity can be made. It probablY was comparable to
the greatest floods of record, those of February 1891 and January
1916. 'Major floods of record at or near McDowell Dam site are as
follows:

Major' floods of record at or near McDowell Dam' site, Gila River Basin

Date

February 1891•..•.................•. :
April 1905•.•••..................... :
January 19-20, 1916 •••••••.••••••••• :
January 29-30, 1916 •••••••.••••••••• :
February 1920•••••••••••••..•••••.• ~:

March 1938•...••...................• :

Flood peak

Cubic feet
per second

300,000
115,000
120,000
105,000
130,000
4~95,000

Volume

Acre-feet
1,861,000

656,000
700,000
660,000
650,000
220,000

4~ u. S. Geological Survey estimate. Peak estimated by Raymond Hill
equaled 66,500 cubic feet per second on basis of model study of
Granite Reef Dam.
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15. Storms and floods of February 1891. --T.vo storms occurred
over the Gila River Basin in February 1891, one from the 15th to the
19th, and the other from the 22nd to the 25th. The storm, which
originated over the Pacific Ocean, produced the maximum 24-hour 'rain­
fall of record of 17 inches on February 22 at Big Bear Valley in
southern California, with a 2-day total at the Bear Valley Mutual
Water Company of 32.2 inches. When. the rain of the 22nd began, snow
covered the mountains near San Bernardino and Riverside, Calif., down
to the foothills. In the Gila River Basin there was no precipitation
the first half of the month, and the records do not indicate the
depth of snow cover over the area prior to the stonn~. Part of the
precipitation during these storms apparently fell as snow, especially
at higher "elevations. Average rainfall depth over the area above
Gillespie Dam is estimated to have been 4 inches, but the records
are insufficient for preparation of an isohyetal map. Data on daily
recorded precipitation for the period February 16-26 are given in
table 2. In southern California, floods 0 ccurred on San Gabriel
River, Santa Ana River and some of its tributaries, and the greatest
flood of record (128,000 cubic feet per second) occurred on San Luis
Rey River. Also, the maximum flood of record (200,000 cubic feet per
second) occurred on the Bill Williams River at Planet, Ariz~ The
greatest floods of record occurred on the Gila and Salt Rivers.
Estimated peak discharges for Gila River near Florence and at Gila
Bend are 102,500 and 250,000 cubic feet per second, respectively,
and on Salt River at Arizona Dam (approximately same location as the
present Granite Reef Dam) 300,000 cubic feet per second. The flood
on the Colorado River at Yuma was greater than any that had occurred
prior to 1891 and may have exceeded the nood of 1916 (250,000 cubic
feet per second).

16. Discharges for Salt River at Arizona Dam as prepared by
Mr. Samuel A. Davidson, Engineer of the Arizona Canal Company, and
published in the 12th Annual Report of the United States Geological
Survey are given as follows:

~*' * .r,. First flood diminished rapidly averaging on the
20th about 69,100 and on the 22nd 14,800. This was followed
by a second swell greater than the first, the flood increas­
ing on the 24th a maximum of 300,000 second-feet was reached.
This subsided almost as rapidly as it came so that by the
second day after, the river was carrying less than 15,000
second-feet.* * *



Discharges for Salt River at Arizona Dam, Gila River Basin

·.
b'e1.·~ge

·. AverageDate : : Datedischarge ·. discharge·.·.·.
Cubic feet : : Cubic feet
per second ·. per second·.

Febr:uary 17, 1891. • : 835 ·. February 22, 1891•• : 14;890·.
February 18, 1891.. : 154,000 ·. February 24, 1891•• : *300,000·.
February 19, 1891•• : 276,000 ·. February 26, 1891•• : 15,000·.
February 20, 1891.. : 69,100 ·.·.

: :

* Given as a maximum discharge.

17. Information on the flood at Arizona Dam is given in-the
following data taken from the ~ewspaper accounts of the flood:

ARIZONA REPUBLICAN

February 19. ~t * ~t At 2 0' clock this morning word was
received from the Arizona Canal dam, by telephone, that the
water of Salt river stood 16 feet upon the dam, the highest
at any time during the great flood of last spring. ·:t ~t ~t '.

February 20! Phoenix. Ariz. ~t ~t ~~ Between five and six
o'clock the height of the flood seemed to be reached and after
remaining nearly stationary several hours the wat~r began slowly
to recede about 8 oJ clock last nigh t. ~t- ~t- -r,.

. .
~t .~ ~t Contrary to the general opinion, but little of the

flood water came from the Verde. That stream is said to have
not reached its limit of last year and has fallen very rapidly
since Thursday. Judging from the quickness with which the
flood came and subsided it is thought that most of the water
was delivered to ~alt River by Tonto Creek, which draws the
eastern slope of the Mazatzals and a large portion of the
Mogollons •. ~~ ~~ .:~

February 22 paper gave a review of events of the flood
for the 19th, .:l- .:~ ~~ The water at the Arizona canal dam had
fallen 4 feet 6 inches by 6 P. M. yesterday, and the tendenqy
was still downward. -It .:l- ~t

February 24. It was stated that on Saturday and Sunday
bulkheads were being built in the consolidated Maricopa and
Salt River Valley canals.

~t- ~l- ~t The precaution was well taken as the steady rain
began to tell and the water, which had fallen to but two feet
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and eight inches over the Arizona dam at 4 0' clock Sunday
afternoon, began to show an increas~•. At 8 P. M. it was
up to four feet, and at 9 o'clock yesterday morning the
register indicated eight feet•.At 12 it~had increased
to ten and one-half feet, thus showing a rise of nearly
one foot an hour. * ~f- *

~f- * * Reports from the head of the Arizona canal
showed the following stage of water over the dam at the
hours named. At 12 o'clock noon, 10 feet 6 inches; 3:15
P. M., 12 feet 6 inches; 5:30 P. M., 13 feet 6 inches;
8:30 P. M. 14 feet 9 inches; 10:40 P. M., 15 feet 3
inches; 1:40 A. M., 17 feet; 2:40 A. M., 17 feet 1 inch.
* .)~. *

February 25. ~f- ~f- ~f- Finally, at 2: 40 yesterday morn­
ing, the faithful watohman at the dam reported 17 feet
1 inch of water, the height reached at the last flood,
and the river still rising. * il- ~~ The river continued
to rise until it reached the unprecedented height of 18
feet 2 inches over the dam. ~~ {f- * About 10:)0 news came
from the dam that the river had begun falling and each
succeeding message was but a repetition of the good news.

February 26, Phoenix, Ariz. ~~ ~~ * After the water
began to recede around the city, Tuesday night, it sank
back towards the river almost as fast as it had risen.

***

18. The United States Geological Survey in Water-Supply Paper
No. 1049 gives the maximum daily discharge of 300,000 cubic feet per
second occurring on February 24, 1891, computed from weir formula
for Arizona Dam. Under remarks, the following' statement is made:

or.. ~r ,f- Reoords poor; they should be considered as
estimates because of errors inherent in methods used and
because discharge measurements are lacking both in suffi­
cient number and in quality. ,v, {f- *

19. From the above in! ormation and from a sttrly of other floods
that have occurred on Salt River below Verde River, a rating curve
and a hydrograph (pls. 4 and 5) were developed to represent the dis­
charges at Arizona Dam for the floods of February 1891.

20. Storms and floods of January 19l6.--Two storms occurred
over the Gila River Basin in January 1916, one from the 15th to the
21st, and the other from the 25th to the 30th. The first storm,
which was of broader coverage than the second, produced the larger
flood. Both storms were of the general 'Winter type. The average
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precipitation over the drainage;(are~ above Gillespie Dam and 'McDowell
Dam site w~s about 3.5 and 4.9 1:nbhe's' for the first storm and 1.3 and
2.7 inches 'for the second,' respe-c't"ively;' in each storm, approximately
half of the precipitation occUrred""-ih a,2li-hour periai. Ground condi­
tions were,rather severe, 'awing'to the' occUrren~e of light rain on
January 10-12 and to the presence of snow cover over much of the area.
The estimated peak discharges of Gila River at the mouth were 230,000
and 155,000 cubic feet per second, res'pectively, for the two floods.
Discharges on many of the tributaries w~re like~~se severe, especially
in the northern part of the drainage' area. For example, on Salt River
near Roos~velt (dr~inage area! 4,310 square mil~s), the peak discharge
of the first flood was estimated at 100,000 cubic feet per second.
Pertinent hydrologic data for the two storms 'and floods are given on
plate 6.

2L Storm and flood of September 1926.--The storm of September
26-27, 1926, which occurred'principally over the 'upper reaches of Santa
Cruz River, San Pedro River, and San Simon Creek, is important because
of its magnitude in that part of the basin. The storm apparently was
associated with a tropical hurricane originating over the Pacific Ocean.
The autographic record for Phoenix, which is the only such record avail­
able for thi~ storm, showed that nearly all the rain at Phoenix fell
during ~,24-hour period, and that about 70 percent fell in less than
2 hours. The average depth of rain over the drainage area above
Gillespie Dam and McDm·.rell Dam site was about 1.5 and 1.4 inches,
respectively. Th8 maxi"_~ depth for a point was recorded as 8.15
inches. The storm produced the greatest flood of recoI'd on San Pedro
River, at ~he mouth of which the peak discharge was 90,,000 cubic feet
per second. The peak discharge of Gila River at Gillespie Dam was
38,300 cubic feet per second.

22. Storm and flood of February 1937.--The storm of February 6-8,
1937,' and the flood it produced are important because sufficient hydro­
logic observations were recorded to permit same analyses of rainfall
and runoff relationships. The storm, which was of the general winter
type, occU!'red at a tir13 when the Sn01>l' cover over much of the area was
heavy and ground conditions generally were favorable for runoff. On
the average, the, rainfall intensities were low. The average depth of
precipitation over the drainage area above Gillespie Dam and McDowell
Dam site was 1.2 and 2.2 inches, respectively, most of which fell in
24 hours. Minor floods occurred on most streams in the drainage area.
Flood inflows on Salt River at Roosevelt Reservoir were impounded.
The peak discharge of Gila River at Gillespie Dam was 45,800 cubic
feet per second. The discharge at the'mouth of Gila River was about
6,000 cubic feet per second. '

23. Storm and flood of February-March 1938. --The storm of
February 27-March 5; 19]8, and the resulting flood are also important
because of the availability, throughout the southwest-region, of
hydrologic records for analysis, and for, the intensity of the 6-
and l2-hour rainfall amounts. The storm, which was or'the'general
winter, type,. produced the greatest flood of record in the -Los Angeles
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area of southern California. However, except for some tributary
flows, the flood was of relatively minor magnitude in the Gila River
drainage area. Ground conditions were apparently only moderately
conducive to runoff. The average depth of precipitation over the
drainage area above Gillespie Dam and McDowell Dam site was 2.0 and
3.8 inches, respectively, about two-thirds of which fell in a 24-hour
period near the end of the storm. The most important peak discharge
in-the flood was on Verde River, at the mouth of which a peak flow of
95,000- cubic feet per second occurred. The peak flow at Gillespie Dam
was 60,000 cubic feet per second; the flow at the river mouth was
8,670 cubic feet per second. Pertinent hydrologic data for the storm
and flood are given on plate 7.

24. Storm and flood of March 1941.--The storm of March 11-17,
1941, and the floods it produced, are important both because of the
magnitude of runoff in s orne tributaries and because of the avail-
abili ty of hydrologic records. The storm, whi ch originated over the
Pacific Ocean, produced generally heavy precipitation accompanied by
numerous heavy showers in southern California before reaching Arizona.
In the Gila River Basin light rain began at many locations on the 11th.
Practically all stations reported precipitation every day from the 12th
to the 15th, and at some places the rain continued until the 17th.
The average depth of rainfall over the drainage area above Gillespie
Dam and McDowell Dam site was 2.0 and 3.0 inches, respectively, about
half of which fell in a 24-hour period. Snow cover on the ground prior
to the storm was negligible. Because the ~.n.nter season of 1940-41 'trIas
wetter than normal, ground conditions were apparently conducive to
runoff, especially in the Salt River drainage area. The peak flow on
Salt River above Roosevelt Reservoir was 117,000 cubic feet per second,
the greatest since January 1916. The peak on Gila River was 45,800
cubic feet per second below Gillespie Dam and about 10,000 cubic feet
per second at the river mouth.

25. Storm and flood of September 1946. --The storm of September
17-19, 1946, is important because it illustrates the magnit~de of
rainf~ll that sometimes occurs in general summer storms. The storm
consisted essentially of a cold front with associated tropical Pacific
and polar continental air masses. Beginning as a series of thunder­
storms about noon of the 17th, the storm produced practically continu­
ous rain from the afternoon of the 17th unt il the morning of the 19th.
The average depth of rain over the drainage area above Gillespie Dam
and McDowell Dam site was 2.0 and 2.9 inches, respectively, more than
three-fourths of which fell in a 24-hour period. Because the ground
apparently was relatively dry when the storm began, only minor runoff
resulted. The peak discharge on Salt River near Roosevelt was 15,100
cubic feet per second. On Gila River the maximum mean daily discharge
below Gillespie Dam was only 2,530 cubic feet per second, and flow at
the river mouth was zero.



26.
Works "No.
20, 1946,

STANDARD PROJECT FLOOD

Method of synthesis.--In Circular Letter No. 4262, Civil
65,- issued by the Chief of Engineers under date of November
stahdard project floods are described as follows:

~~ ~l- ~l- The "Standard Project Flood" is intended to rePre­
sent a flood that would be exceeded in magnitude only on rare
occasions, and thus to constitute a standard for design of
structures that would provide a high degree of flood protec­
tion as determined by flood potentialities of the drainage
system involved, vlithou t regard to localize~ economic or
other practical limitations of individual projects. * ~l- ~k

In most cases, the Standard Project Flood should equal or
approximate the flood that would result, under existing or
specified conditions of basin development, if the most criti­
cal storm of record ih the region should .occur over the drain­
age area involved whc~ hydrologic conditions were Deasonably.
favorable for flood r-J.noff. ~l- -)(- -:~

Studies of available hydrologic data ~or the Gila River Basin and
adjacent southwest areas have shown that the storms of record with
potentially the most critical flood-producing characteristics. for ~

the drainage areas above Gillespie Dam and McDowell Dam site were .
the first storm of January 1916 and ·the storm of February-March 193"8.
These storms, as actually oriented over the basin, produced rainfall
amounts· moderately less critical than those that would have resulted
if the storms had been centered over the. area. The standard project
flood on Gila Riv:er between Gillespie Dam and Salt River has been
synthesized on the basis of' the assumed occurrence of a storm equivalent
to the 1916 storm centered (approximately 50 miles northwest of actual
occurrence) over' the area above Gillespie Dam. The standard project
flood on Salt River between the mouth and Verde River has been synthe­
sized on the basis of the assumed occurrence of a storm equivalent to
the 1938 storm and the '1916 storm centered (approximately 20 miles
northeast and 80 miles northwest, respectively, of actu~l occurrence)
over the area above the p:t:oposed McDowell Dam site. Ground conditions
reasonably conducive to runoff were determined from approximate analyses
of the relationships of runoff to rainfall in floods of record, and
assumptions were made of reservoir storage conditions that might reason­
ably be expected to exist throughout the drainage area. The runoff
ouantities of the standard project floods were computed by dividing
the drainage area above Gillespie Dam into 14 subareas (see pl. 1);
developing a synthetic distribution.graph for each; co~puting the
rainfall amounts,'losses, storage effects, and resulting runoff for
each subarea; and combining the subarea runoff quanti ties. by a routing
process to determine the total flood,hydrograph for the various con­
centration points as given in ·table·I. The various steps in the
synthesis are outlined in the following paragraphs.

27. Subarea distribution graphs.--The method used in these
studies for determination and application of unit hydrographs, which
are used in computing time distribution of runoff from rainfall, is
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similar to methods generally employed by the Corps of Engineers and
other agencies throughout the United States. Detailed descriptions
of the method may be found in recent hydrologic reports by t his office.
Synthetic distribution graphs for each of the 14 subareas were derived
from data developed in unit-hydrograph studies previously made of
several areas in the Gila River Basin and in southern California. A
single basic S-graph representing an average of time-distribution
characteristics of four comparable regional streams was assumed to be
applicable for determining each of the required ~nthetic distribution
graphs. The required lag values for the subareas (for use in convert­
ing the S-graph to distribution graphs) were taken from the lag curve
applicable to the areas for which the original unit-graph studies were
made. The S-graph and the lag curve are shown on plate 8. Lag data
and distribution-graph percentages are given in tables 3 and 4. Corrob­
orative studies of the applicability of the lag curve and the S-graph
indicated that they would give the desired results ~nthin acceptable
limits of accuracy.

28. Standard project storms.--Determination of the magnitude of
the storms that would be equivalent to the 1916 and 1938 storms but
would have a critical centering to the northwest and northeast, respec­
tively, was accomplished by (a) expressing the actual rainfall amounts
in the 1916 and 1938 storms as percentages of the mean rainfall amounts
for the period of October through May, (b) constructing isopercentual
maps based on those percenta~es, and (c) shifting the isopercentual
lines to such a position over the basin as would result in more criti­
cal amounts of rainfall over the drainage area above the respective
concentration points. Use of the mean precipitation for the months
of October through Mayas a base for determining project-storm
precipitation is considered warranted in view of the fact that most
precipitation in those months in Arizona results from storms of the
general winter type, and thus such mean seasonal precipitation is an
indication of the effects of basin topography on precipitation in
general storms. The project-storm rainfall amounts are shown by
isohyetal lines on plates 9, 10, and 11.

29. Six hours was selected as the smallest time interval for
which information on rainfall intensities would be required in develop­
ing the standard project floods. The time distribution of the rainfall
intensities for the respective parts of the project storms over the
different subareas was made equal (with 6-hour amounts expressed as
percentages of total storm amounts) to the time distribution of rain­
fall in the same relative parts of the original 1916 and 1938 storms
as computed from intensity patterns determined under assignments
SP 1-20 and SP 2-8, respectively, of the cooperative storm-study
program of the United States Weather Bureau and the Corps of Engineers.
Four typical block diagrams of average 6-hour rainfall intensities are
shown on plates 9, 10, and 11, and 6-hour intensity quantities for all
storm centerings and subareas are shown in table 5.

30. Precipitation loss, snowmelt, base flow, and channel percola­
tion.--In the absence of detailed analyses of relationships of runoff
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to rainfall in recorded storms, the total amounts of precipitation
that would appear in the streams as runoff (effective rain) during
the standard project floods were computed on the basis of a study .
made of the volumes of runoff est~mated to have occurred at various
locations throughout the Gila River Basin as a result of the larger
storms of record. The volumes of runoff were expressed as percentages
of total precipitation for various storm periods. Such percentages
reflect, in a general way, the amounts of rainfall lost by surface
detention, infiltration, evaporation, and channel percolation losses
in the various tributary areas. They also reflect the accretions to
streamflow resulting from f.round-water return flow and from melting
snow. The percentages for the storms examined indicated that, in
general, proportionately the greatest amounts of runoff were from
the areas of higher elevation, ~ere rainfall and snowmelt are usually
greater. On the basis of this st.udy, average percentages that would
represent ground conditions reasonaQlv conducive to runoff from each
subarea were assumed. The assumed percentages, 1~ch ranged from 25
to 35 percent, are considered to include adequate allowances for
snowmelt and base flow. AlSO, they collectively constitute. an overall
degree of severity slightly greater than that existing in the 1916 and
1938 storms.

31. To determine the amounts of effective rain (including base
flow and snowmelt) by unit periods in the standard project flood, the
results of unit-hydrograph studies for two areas in southern California
for which relatively detailed hydrologic data are available (one area
of high rainfall and one area of low) were utilized. For each study,
a curve was plotted showing accumulative storm rainfall versus accumu­
lated effective rainfall, both by unit periods throughout the storm.
In each case the plotted points could be reasonably well fitted by a
straight line. Using this method for estimating effective rainfall
in the corroborative studies previously mentioned (i.e., in connection
with the applicability of the adopted lag curve and S-graph) indicated
that the straight-line relationship would give reasonably satisfactory
hydrograph reproductions for the Gila River Basin floods studied;
namely, the 1916, 1937, and 1941 floods on Salt River near Roosevelt
Dam, and the 1937 flood on Verde River. Accordingly, such a straight­
line relationship was adopted for the standard-project-flood computa­
tions. Its application to the subarea above Roosevelt Dam is illus­
trated on plate 12. As shewn thereon, the indicated rainfall-loss
rates for the 6-hour peri00s of heaviest rain range from 0.05 to 0.10
inch per hour. These rates appear reasonable.

32. DeViation from the straight-line relationship would tend to
affect the shape of the computed flood hydrograph for each subarea and
perhaps modify the peak discharge slightly, but would not affect the
total volume of runoff.

33. Extensive investigations made by the ~nited States Geological
Survey concernin~ water resources of different parts of the Gila River
Basin and brief studies made by this office concerning floodflows along
Gila River indicate that percolation of floodwaters in overflow areas
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MAXIMUM PROBABLE FLOOD

36. 'Method of synthesis.--As preViously indicated, the maximum :
probable -flood was synthesized by estirriating the maximum-pes sible-
storm rainfall for ,the basin-and computing the runoff from that rainf,fill

,"/'" :," "
.'

"
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along the river is of some consequence in reducing flood runoff.
The percolation rates apparently are greater in the downstream
parts of the basin. For the staridard-project-f100d computations,
rates of 0.15 cubic foot per second per wetted acre were assumed
for overflow areas along Salt River from the Verde River conflu­
ence to Gila River and the main stem of Gila River between the San
Francisco River confluence and Coolidge Dam, and 0.30 cubic foot J:er
~econd per wetted acre downstream from Coolidge Dam.

':c ;)4. Channe1- and reservoir-storage effects. --The reservoirs' ,':
recommended for construction by the district engineer and the two
1arg~~t eJd..sting reservoirs in the drainage area would have an appr~­

ciable regulatory effect on a flood of standard-project magnitude;
The assumptions made ,concernin~the operation of these reservoirs'
and"the hydro,graphs showing their effect are shown on plate 1,3-.' The
reservoir f1ood-rout~ng studies were made by the PuIs I.S.D. method.
Channel-routing procedures were followed in combining f100df10w~ from
the different subareas. '

35. Standard project flood. --The standard project flood for -.. _
Gila River-from Gillespie Dam to the mouth of Salt River was compute.d
in accordance with the step3 outlined in the preceding paragraphs._' _,
The hydrograph of the standard pr'oject flood at Gillespie Dam is '.
shown on plate 13. A SumJilary of hydrology is given in table 6. '
Computations for the standard project flood for Salt River from its
mouth to McDowell Dam site, made in like manner, resulted in two
alternative standard project floods. The 1938 storm transposed
resulted in the highest peak discharge and the 1916 storm transposed
resulted in the largest volume 'flood. In order to have only one' '
standard project flood for Salt River to simp;Lify investigations an:!
planning, the rainfall pattern for the Verde River area, over which
both the 1938 and 1916 storms were assumed centered, was adjusted to
give higher intensities for the maximum 6- and 12-hour periods so ,
that the resulting flood at McDowell Dam. site would have the same
peak as the one based on the 1938 storm:''transposed and the same,
volume as ,the one based on the 1916 storm transposed, arid also
Mcpowell Dam would provide :the same degree of control. as it would'on a flood derived from the 1916 flood alone. In addition, when
this flood was routed to the mouth of Salt River it would have a
peak discharge equal to the one developed from the 1938 storm trans­
posed. The hydrograph of the standard project flood at McDowell Dam
site is shown on plate 14. The standard-project-flood peak discharges,
at the various concentration points, with and without control at
r1cDowell Dam, are shown on plates 15 and 16, respectively. A S1ll!JlIlTlary
of hydrology is given 'in table 6.



en the basis of assume~ basin g~ound,conditions conducive to maximum
run·off. In the absence of a determination by the United states Weather
Bureau of maximum-possible-rainfall rates for the drainage area, analyses
were made o! possible cr~tical air-mass characteristics, and wind move­
ments, and the maximum possible storm was developed essentially in the
manner used by the Weather Bu't'eau in determinations of this kind.

, 37. Maximum storm.--In determining maximum-possible-storm rain­
fall for other areas in southwestern United States, the Weather Bureau IS

method has consi sted essentially of enveloping statistical hyCiro­
meteorological data, estimating the reasonable, upper limits·of severity
for rain-producing factors, and organizing those factors into a maximum
storm structure generally patterned after the greatest storm of record
in'the vicinity in question. Stated in another way, for areas where
one' 'storm of record considerably surpasses other storms in magnitude,
the method constitut~s an extrapolation of the rainfall rates in that

'storm to their 'upper limits. In order to obtain. the maximum possible
storm for the Gila River BaSin, the most seV3re winter storm of record,
which was the first storm of January 1916, was selected as the base
storm to be increased. Assuming ,conditions in that storm, except for
wind speed, to be at a maximum, it was necessary only to increase ·the
.moisture charge and wind speed. To -compute the effective moisture
Gharge, the average height of barrier to moist air entering the'Gila
River Basin, was estimated as 3,600 feet, and the top of the moisture
column was assumed as 30,000 feet. The maximum possible 12-hour dew­
pd.int (converted to the 1,000-millibar value) was estimated from"
available data for December through March at Phoenix 'as 62°, which
is 40 . higher than the 12-hour dewpoint existing during the 1910 storm.

"Application of these factors would result in an increase of the 1916
storm rainfall by 30 percent. A reasonable increase in wind speed

;. was assumed as 10 percent. The resultant increase in rainfall would
likewise be 10 percent. Combining these factors' results in a maximum

. 'storm that would be 140 percent of the base storm.' In. estimating the
maximum-possible-storm rainfall for the drainage area above Gillespie
Dam, the rainfall quantities of the standard project storm, which is
equivalent to the 1916 storm centered above Gillespie Dam, were,
there'fore, increased by 40 percent. .

-.
",8. A maximum possible storm was develo~d similarly for the

Salt River Bas-in with the storm of 1938 being. selected as the base'
storm. The dombination of the factors for this storm' result'ed in',
a maximum storm that 'would be 180 percent of the base storm. In
estimating the maxinium.-possible-storm rainfall for the Salt River
drainage area, the rainfall-quantities of· the standard project storm,
based on the 1938 storm transposed over the .area-above the 'proposed
McDo'lrlell Dam, were, therefore, increased 80 percent. .

39. Attendant conditions.--Conditions conducive to maximum
runoff throughout the drainage area during the maximum storm were
assumed ·as follows: (a) The standard~project-flood peroentages of
total rain that vlOuld run off were each inoreased 10 percent (for
example, the percentage for subarea No.4 was increased,~rom 35
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percent to:45 percent, which thus constitutes a 28-percent increase
in effective rainfall for that subarea); (b) no channel percolation
losses were subtracted; and (c) all reservoir storage space except
for surcharge above spillways and· crest gates was assumed filled at
the start of the flood, with operation procedures as outlined on
plate 17.

40. Maximum probable flood. --The hydrograph of the maximum
probable flood at Gillespie Dam is sh01~ on plate 17. A summary of
hydrology is given in table 7. The hydrograph of the maximum prob­
able flood at McDowell Dam site is Sh010ffi on plate 18, with a peak
discharge of 600,000 cubic feet per second. The maximum-probable­
flood discharge, at various concentration points, ~rith and without
McDowell Dam, are shown on plates 15 and 16, respectively. A summary
of hydrology is given in table 7.

ADEQUACY OF STANDARD PROJECT AND MAXIMUM PROBABlE FLOODS

41. The standard project ani maximum probable floods for the
afla River between Gillespie Dam and Salt River were based on the
same centering of the JanuarY·~9l6 storm for the standard project
f~ood and the increasing of that storm to a maximum possible for the
maximum probable flo'od as used for the Painted Rock hydrology given
in enclosure 2 of the district engineer's report titled "Interim
Report on Survey, Flood Control, Gila River and Tributaries below
Gillespie Dam, Arizona, 1I and dated September 1" 1948, and is, there­
fore, considered adequate for this report.

42. The adequacy of the standard project flood for Salt River
can best be shown by comparison of the magnitudes of this flood with
floods of record. The peak flow for the standard project flood,
assuming no upstream dams, "muld be 350,000 cubic feet per second
or 50,000 cubic feet per second larger than the uncontrolled peak
of 300,000 cubic feet per second for the 1891 flood. The peak flow
of the standard project flood modified by existing dams (290,000
cubic feet per second) is about equal to the peak estimated for the
uncontrolled peak of the 1891 flood, which is probably the greatest
flood of record, below confluence of Verde and Salt Rivers. The
total volume stored at McDowell Dam (considered) with a controlled
discharge of 82,000 cubic feet per second for standard project flood
is 667,000 acre-feet, as compared to the corresponding volume for
the floods of 1891 of 568,000 acre-feet. Therefore, the standard
project flood would be more severe than the floods of 1891 for a
controlled discharge of 82,000 cubic feet per second. It is con­
sidered that on the basis of hydrologic data now available the
standard project flood as developed is adequate as a reservoir­
design flood for McDowell Dam and for chamel design on the Salt
River from McDowell Dam site to the mouth of Salt River.

43. The max:ilnum probable flood has been based on an estimate
of the maximum possible precipitation and on ground conditions
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conducive to maximum runoff. Although time was not available for a
.determination of maximum precipitation by the United States Weather
Bureau, it is believed that the maximum precipitation determined

I" herein would approximate such amounts. The assumed ground condi­
tions, expressed as ~ercentage runoff, are considerably more severe
than those estimated for past floods. The occurrence of either the
rainfall or the ground conditions assumed would be infrequent. A
flood resulting from their combination, and at a time when upstream
reservoirs would be full, would represent an extremely severe situa­
tion. The maximum-probab1e-flood peak at McDowell Dam site is more
than twice as large as the standard-project-flood peak.

Table 1

Concentration points, Gila River Basin

Designation

Concentration point

Description
Drainage area*

A.•...•....•• : Salt River at McDowell Dam site•.••• :
B. f ••••••••• • : Salt River at mouth :
C....•.•..... : Gila River below Salt River •........ :
D•••••• ....... : Gila River below Agua Fria River •••• :
E••••...•••.• : Gila River at Gillespie Dam•••••.••. :

Square miles
12,900
13,700
43,000
45,400
49,600

~~ Includes approximately 300 square miles noncontributing area.
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Table 2

Recorded daily precipitation, February 16-26, 1891; in am near Gila River Basin

·· Precipitation in inches recorded on dates shown
Station ~Latitude~ngitUde~ ·16 17 18 19 20 · 21 · 22 23 24 25 26 .: Total

: ••

: Degrees : Degrees .:
: and :alrl · ·· ·: minu:tes : minu:tes : ....

Fort Whipple : · · · :· · ·(Prescott) •• : 34-35 : 112-25 : 0.74 0.61 1.51 0 0 0 · 1.50 1.55 : 0 0 0 5.91·I-'Tempe Date : · : :- : ·· ·
~ Orchard••••• : 33-24 :. 111-57 (*) (*) · (*) 2.26 0 0 : (*) 1.34 :. 0 0 0 · 3.60· ·-.JShow Low•••••• : 34-15 : 110-01 : .50 .40 _: .50 .30 0 · : .60 .70 : 0 0 0 : 3.00·San Carlos •••• : 33-22 110-27 · 0 .28 · 2.00 .47 0 0 · (*) 2.50 0 0 0 5.25· · ·Fort LowelL •• : 32-16 110-47 .11 .36 1.04 .35 .17 0 0 .15 .35 .40 .12 3.05

Fort GTant •••• : 32-37 109-57 0 (*) : (*) : 2.28 0 0 : (*) (*) 1.50 0 0 3.78
Fort Bowie•••• : 32-20 109-27 0 .50. : .70 :() : 0 · 0 .33 .65 T 0 0 2.18· ··

* Included in next measurement.
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Table 3

Subarea lags and pertinent elements, Gila River Basin

Subarea*

:.

Area :. L

... .

1. , : . . . . ........................................
105 47 66 604: 12.8
107 37: 38 650: 13.2
62 32 39 . 312: 10.0

123 :. 54 51 928: 15.0
: . 64 28 63 225 ',: 8.8

221 113: 24 5,098: 29.0
#13 #6 :. #310 . #4 : ##14.0
174 50 ~41 1,359 17.7

:. 241 104 23 5,226 29.0
116 68 28 1,491 18.3
162 69 25 2,236 21.3
60 33 68 240 9.1

146 34 45 740 13.9
120 . 45 55 730 13.9
203 98 21 4,344 27.2

:. 160 ': 92 34 2,525 22.2

Square
miles
""4;200

Hassayampa River •••• : 1,450
Centennial Wash ••••• : 1,990
Waterman Wash••••••• : 760

2..................... •':1 '. 2,400
3•.....•.............. : .800
4 : .6,320
5.. , .. t : 450
6 : 5,830
7, ,., •.•.......... : ,::8,990
8 : 2,119
9••••••••• ~ •..•••••••• : 4,050
10...................• : . 1,250
11., •.••...•.......•.. : ~ 3;730
12 ...................• : 2,280
13 : 4,060
14 : ~,830

Feet
: per

Miles Miles: mile Hours

~~ See pI. 1.
~H~ See pI. 8 for lag curves. . , . ,
# Values given are .for longest watercourse ~bov~ dams.
## Lag for subarea derived by' adding travel time: through dams (12

hours) and lag for longest' watercourse above dams (2 hours). ,

"

, .

1..d8



Table 4

Subarea dis tribution-graph percentages, Gila River Basin

No. of Percentage for indicated subarea~-

6-hour
period **1 2 3 4 5 6 7 8 9 10 11 12 13 14

I
1....... : 1.7 1.4 3.9 0.5 1.3 0.9 0.5 1.0 0.9 4.1 1.5 1.5 0.6 0.7
2 ••••••• : 15.9 9.1 44.6 2.0 11. 7 6.4 2.0 5.5 4.0 42.6 12.2 12.2 2.3 3.6
3••••••• : 40.2 37.6 38.4 4.1 42.4 23.5 : 4.1 21.5 12.7 39.6 42.0 42.0 5.0 9.2
4........ : 25.1 29.8 9.4 10.4 : 26.4 35.0 10.4 35.7 33.0 : 9.9 26.9 26.9 13.6 29.0
.5••••••• : 10.1 11.6 3.1 23.0 9.9 17.1 23.0 16.7 22.5 3.1 9.0 9.0 26.7 25.8
6••••.•• : 4.2 5.5 .6 22.5 4.6 8.0 22.5 9.4 9.8 .7 4.7 4.7 19.9 13.3
7••••••• : 1.9 2.8 · . 13.3 2.3 4.1 13.3 4.7 6.8 · . 2.4 2.4 11. 7 7.3

~
·....... ·.......

• 8.•...•• : .8 1.5 · . 8.1 1.2 2.4 8.1 2.6 4.7 · . 1.1 1.1 6.9 4.2
~

·........ ·.......
'0 9••••••• : .1 .6 · . 4.9 .2 1.5 ~9 1.• 6 2.3 · . .2 .2 4.3 2.7·........ ·.......

10•••••• : ...... : .1 · . 3.6 · . .9 3.6 .9 1.5 · . . . 3.0 1.8·....... ·....... ·.....................
11....•• : .•.... : ..••.. : .•.... : 2.4 · . .2 2.4 .4 1.0 · . . . 2.0 1.2.. ..... . ·....... '.......... -- ...
12 ....... : •.••.• : .•..•• : •....• : 1.6 · . . 1.6 · . .6 · . . . 1.5 .8·.............. ·....... ·.....................
13 ...... : ...... : ...... : ...... : 1.3 · . . 1.3 · . .2 · . . . 1.0 .3·.............. ·....... ·.....................
14 . . . . .9 · . . .9 · . . . . . .8 .1............................ ·.............. ·...................................
15 . • • • .7 · . . .7 · . . . . . .5 ·............................ ·.............. ·................................... ·......
16....... : .....• : ...... : ...... : .5 · . . .5 · . . . . . .2 ·......·.............. ·...................................
17...... : ...... : ...... : ...... : .2 · . . .2 · . . . . . .·.............. ·................................................

~~ See pl. 1.
~...,~- Distribution graph derived from combined unit graphs of 3 subareas shown in table 3..



Table 5
Average raintall intendties by subarea. in standard project .to...... Gila River Basin,

Ilaintall in i_. per period for indicated subareas. and s~ centering••
T1JIle

Subarea 1 Subarea 2 Subarea, Subarea 4 Subarea.5 Subarea 6 Subarea 7 Subarea 6 Subarea 9 Subarea 10 Subarea 11 Subarea 12 Subarea l' Subarea 14

uay !tour A B Jl. B A B C A B C A B C A B C .l B A B .l B .l B .l B A- B .l. B A- B

lat';. 0000-06oo 0 0.08 0.10 0.10 0 0·05 0 0.14 0.16 0.44 0 0.15 0.5' 0.02 0.09 0.44 0 0 0 0 0 0.01 0 0 O.~ 0 0 0 0 0 0 0
.o6ol:l-12oo 0 .01' . ~13 .12 0 0 .76 .20 .21 .'5 .10 .4l .26 .14 '.12 .16 0 0 0 .16 .01 .04 0 0 .0' .0' 0 0 0 0 0 0
~-1600 .'5 .1.6 .05 .08 .09 .14 0 .11 .1' .12 .10 .16 0 .20 .1' .07 .01 .0' .09 .12 .05 .04 0 0 .05 .1' .02 .04 0 .05 .06 0

.1600-2400 0 0 .06 .16 0 0 0 .12 .09 .06 .11 .05 0 .15 '.12 .04 .01 .04 .12 .06 .05 0 0 0 .~ .1' 0 .04 0 .10 .16 .21
2d•••.OOOO~ .05 .10 .16 .17 .62 ,,3' 0 .22 .17 .06 .42 .~ .09 .20 025 .06 .01 .07 .11 .24 .05 .04 0 0 .06 .12 0 .07 0 .13 .19 0

0600-1200 .09 .05 .16 .11 .19 .09 0 .21 .21 .16 .'1 .56 0 .20 .~ .14 .01 .04 .10 .16 .0' .05 0 0 .11 .06 0 .01 0 0 0 0
)200-1600 .75 .~ .72 .36 .36 .56 0 .49 .'5 .0' .'1 .9' 0 .71 .5' .04 .0' .14 .17 .39 .15 .19 0 0 ." .25 .02 .0' 0 0 0 0
1600-2400 .11 .11 .'1 .20 .05 .2' 0 .24 .26 .10 .'1 .'0 .•09 .24 ." .04 .0' .06 .16 .20 .11 .11 0 0 .1' .19 .0' .0' 0 .02 .04 .14

'd... 0000-06oo 0 .0' .02 .05 0 0 0 .14· .•26 .06 0 .05 0 .30 .1' .06 0 .04 0 0 .06 .01 0 0 0 024 0 .07 .07 .0' .12 .14
0600-1200 024 .15 .62 .41 .4, .47 0 .52 .5' .06 .'1 1.26 0 .61 .69 0 .01 .04 .12 .'9 .0' .06 0 0 .06 .16 .02 .02 0 .05 .08 0

"1200-1600 .02 .07 0 .05 0 0 O· .05 .07 0 0 0 0 .'2 .17 .~ .0' .02 0 0 0 .05 0 0 .22 .27 .02 .16 0 0 0 .21
16~ .02 .0' .05 .05 0 0 0 .10 .19 .04 0 .26 .09 .10 .12 .02 0 0 0 0 0 0 0 0 0 .11 0 .01 0 0 0 0

4th~.·~ .24 .16 .47 .'1 .09 .3' 0 .54 .5' .06 .10 1.1' .09 .'7 .66 .0' 0 .02 .06 .07 .0' .05 0 0 .05 .15 0 0 0 0 0 0
, opoo..1200 .04 .10 .05 .10 024 .09 0 .24 .'4 .02 .'2 .'7 0 .07 .36 .02 .06 .07 .16 .20 .04 .05 0 0 .11 .06 .ll! .07 .05 .02 .04 .07

1200-1600 .07 .04 0 0 0 0 0 .02 0 .04 .31 0 0 .27 .04 0 .1' .09 .'7 .12 .0' .17 0 0 .4l .21 0 .11 0 0 0 021
.1~ .l4 .07 .20 .16 0 .09 0 .26 .18 .14 .11 .25 0 .16 .44 0 .04 .05 .10 .12 .0' .07 0 0 .05 .1' .0' .04 0 .10 .15 0

5th.. 0000-06oO .24 .12 .4l .!lB .26 .2' 0 .51 1.14 .'2 .'1 .62 .97 .45 .81 .~ .01 .04 .10 .27 .(Jj .04 .0' .02 .0' .16 0 .09 0 .06 .12 0
·0600-1200 -05 ~ .44 .4, .19 .'7 .76 .'9 .55 1.01 .83 .16 ·79 .59 .P4 .66 .04 .11 .'5 .~ .19 .15 0 0 .19 .30 0 .14 0 .1' .19 0

1200-1600 .02 ·.03 .1' .13 .14 .14 1.30 .27 .16 1.16 1.15 .4l .44 .61 .61 .79 .57 .65 1.09 .47 .U\ .4D .04 0 .60 .51 .qr .12 .02 .16 .27 .35
lilOO~ 0 0 0 0 0 0 0 .0' 005 .24 .10 0 0 .44 023 .47 .3'

~
.16 .04 .40 .55 .17 .24 .9' .57 .92 .40 .84 .2' .69 .65

6th.. 0000-06oO 0 0 0 0 0 0 0 .01 .02 .02 0 0 0 .13 .14 0 .47 0 0 .75 .50 .55 .32 .35 .22 .83 .2l:l .72 .07 .54 .28
'0600-1200 -05 .01 0 0 0 0 0 0 0 0 0 0 .() .03 .01 0 .55 .'0 0 0 .<l4 .Wl .96 .62 024 .0' .25 .10 .'0 .08 .15 0

1200-1600 .07 .~ .02 .O~ .14 0 0 .09 .04 0 .83 .15 0 .47 .!lB 0 .85 .33 .'9 .39 .55 .M .~ .19 .66 .~ .37 .10 .18 .10 .15 .21

Total•••••.•••• 2.55 1.74 4.16 '.52 2.&4 3.12 2.86 4.90 5.66 4.55 6.03 7.60 3.'5 6.9& 7.27 '.49 ,.19 2.!l9 '.71 ,.81 '.93 '.4' 2.09 1.59 4.69 4.44 2.60 1.9' 2.18 1.37 ,.17 2.67

I
N
Cl

see pl. 1.
•• A - Ba.ed OIl 1916 .to,.. centered aftr Gila River Basin.

B - Based on 1916 ato... cantered OYer BaIt River Ba.in.
C - Based OIl 1936 .to,.. oanter.d ""er Salt River Balin. (8tona .... cr1 t1O&1 in subar.... , to 6. inc1us1T., cnq.)



Table 6

Summary of h.ydrology, maximum probable flood, McDowell Dam site and
Gillespie Dam

Summary of hydrology, standard project flood, McDowell Dam site and
Gillespie Dam

5.71
2.47

#49,600
350,000

7.1

#49,600
730,000

14.8

3.93
1.30

3,000,000
1.14

29

6,210,000
2.36

41

·· .
·· .

6.48
2.26

Quantity

227,000
•34

Quantity

-*12,900
290,000

23.0

*12,900
600,000

47.6

McDowell Gillespie
Dam site Dam

McDowell Gillespie
Dam site Dam

Unit

Unit

Ac.-ft••• : 1,520,000
Inches ••• : 2.26
Percent•• : 35

Ac.-ft ••• :
Inches ••• :area, .... ~ • :

Item

Item

Depth over drainage

* 12,600 square miles, excluding all closed areas.
# 49,300 square miles, excluding all closed areas.

Drainage area." : Sq. mi :
Peak flow .....•..•............... : C. f . s •..• :
Peak flow per square mile •••••••• : C.f.s •••• :
Rainfall (average over drainage

area) :

Table 7

Total storm•..••.•.•••.•...•..• : Inches ••• :
Effective, total storm.••••..•• :.,.do••••• :

Runoff, total: :
Vol1lme •.••............•••.•... , :
Depth over drainage area., ••••• :
Ratio to total storm rainfall•• :

Runoff over 150,000 c.f.s.:
Volume•..................... f •• :

1-21

Drainage area ..................•• : Sq. mi ..• :
Peak flow ................•....•.. : C. f . s ••.• :
Peak flow per square mile •••••••• : C.f.s ••.• :
Rainfall (average over drainage

area) :

* 12,600 square miles, excluding all closed areas.
# 49,300 square miles, excluding all closed areas.

Total storm : Inche s..• :
Effective, total storm••••••••• : ••• do••••• :

Runoff, total:
Volume•••••.••••.••••••.••••••• : Ac.-ft ••• : 2,240,000
Depth over drainage area••••••• : Inches••• : 3.33
Ratio to total storm rainfalL.: Percent •• : 45
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*GAGE
NO. YEAR HEIGHT DISCHARGE SOURCE OF DISCHARGE DATA

FEET C.F.S.
1 1890 12.0 143,000 U SGS- Salt River of Arizono Dam.
2 1905 4.2 29,000 USGS- Salt River plus Verde R. ot MCDowell, Ariz.
3 1905 3.5 40,000 Newspoper - Approx. in round numbers.
4 1905 6 t07 65,300 USGS-Solt River plus Verde R. at MCDowell, Ariz.
5 1908 6.1 # 77,900 USGS- Solt River plus Verde R. at MCDowell, Ariz.
6 1916 7.7 .. 7e,0 0 0l {EnCI. 5 01 oist.Engr....porl'Interim R.port on surv.y Flood
7 1916 6.5 .,., 73,800 Control Gila R~ a Tributaries above Solt Riller Ariz. and N.

Mex.;' doted December 1,1945.

* Dato from newspaper occounts.

:#: Discharge over 900 feet of Granite Ree f spillway (total length IPOO feet) to represent
flow over Arizona Dam (spi Ilway length 900 feet) for same gage height.
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DISCHARGE CURVE

SALT RIVER AT
ARIZONA DAM

OFFICE OF THE DISTRICT ENGINEER
LOS ANGELES, CALIFORNIA

TO ACCOMPANY REPORT DATED: DEC.•.19S7

CORPS OF ENGINEERS U S ARMY



FILE NO. 410/40

00 12 a 12 a 12 a 12 a 12 a 12 a 12 a 12 a 12 a 12 a 12

~17-4-18-4-19---l-20+I~E 1:I~OU~S-4-23--+-24-+-25--+-26--+-27~
FEBRUARY 1891

HYDROGRAPH

*12,600 SQUARE MILES, EXCLUDING ALL CLOSED AREAS

I

SQ. ML

AC. FT.
INCHES
AC. FT.
INCHES

U S ARMY

*12,900

-{
504,000

0.8

-{
I,66I,OOO

2.6

NOTE:
NO DAMS UPSTREAM

GILA RIVER eo TRIB.,ARIZ. eo NEW MEX,INTERIM REPORT
ON SURVEY, flOOD CONTROL, GILA eo SAl:r RIVERS
GILLESPIE DAM TO "'" DOWELL DAM SITE, ARIZONA

OFFICE OF THE DISTRICT ENGINEER
LOS ANGELES, CALI FORNIA

TO ACCOMPANY REPORT DATED:DEC.4.19S7

FLOOD OF FEB. 1891
ESTIMATED HYDROLOGIC DATA

SALT RIVER AT ARIZONA DAM

LEGEND
DISCHARGES BASED ON RATING CURVE, PLATE 4

TOTAL

DRAINAGE AREA
RUN OFF: 0891 FLDOD)

MAXIMUM 24 HOUR

o

PEAK INFLOW 300,000 CIS.

PEAK INFLOW 276,000 C.F. S.
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w
(.!)
a::
<t 150
I
o
en
o

CORPS OF ENGINEERS



.oo,I---1-+--I---1-+--l--J--1---l--I--l--+-J!i---1-+--I--J--1--+--Jf.--1---l--I--l--+-I--l--+--I--

HYDROGRAPHS

PLATE 6

IN ONE SHEET

APPENDIX I

US ARMY

GILA RIVER AND TRIBUTARIES, ARIZONA AND NEW MEXICO
INTERIM REPORT ON SURVEY, Fl,.OOO CONTAOL

GILA AND SALT RIVERS, GILLESPIE DAM TO MS:OOWELL DAM SITE, ARIZ.

SCALE: AS SHOWN

FLOOD OF JANUARY-FEBRUARY 1916

HYDROLOGIC DATA

II \
PEAK 105000 CF.S

t3-+-~ --+-1~--+-16 -+-17 -r-18 -t--19 ----r-20--r-21 -r-22---r-23-r-2.-t-2~-t-26-f-tr-+- 2.1--+-29 --t-lO......
JANUARy-----------------_

° ~!-'t. r.::, 1.-+.... I

°1--"-+-"---+--'0 -+-,. -+- .O-+-.,-+- ••-+-.,-+- ••-+-., -+-,,---+--.,-+- ••-+-29--+-30-+-30_~'-+-'-+- ,-+- •-+-.-+--. -+-,--+-- 0--+-. -+-'0--1

I·' 1/ \ '",- ................ ! I \. II'---- t'--...
.o~+~-+I-+A-+--+-I_/_¥__+-f>.c-l- ___+_-_+-I_-.-+--+-_~----'f...,......+,-----+-,-+_-_-I--.-+>__-+_-.I"I.X.<:H../-,-i4--+--I-.....::r=.,,'I-o-d----+-,-+-r

l
/++-T'--d-.--""t--r-.........:±J-..c--+-+-+I---+-+-+-i---+-----j:-+--+----j1-----1

r/ V "- __ _ - ;' - - - ~ J'- ::1-, ~. -- ~,

PEAK8JOOOc.F.S ~_ I \ \. /V I
ool---l----+---+----+--+-/--I,./::::~j+-+l.-+-/-I+-+--+-+-+-+~/d7'f--.-q..-I-+-+-+-+-+--+-I--+--I.:-j/'-\-i+--l--+--+-I\-\+-+-+--+-I-+-+-+--I--+--+-f-t--+-+--I--+---t--1

/' I \../ '" --"j " \.01--l---l--!i--l-++-+---1-!----J.I,---+----=iI'...-1--+-I--J.--l--It--l--+-.p..,--1--1--+--J~ --1--+-II--+
17
-1-+-'\.,.--l--+-+---1--*\-+-----1-+-+-----1--+-+---iI--+-+-I--+-+-+-----1-+-+-----1

~-+_l_-!-J-~/-+_l_---J~i~\\W_-/4-"-~·,'-~l._-l-+_-+J1+----l-+_-1--\!-~~$~a+=tl'~Il_+---~'~J-__+--+---+~-h~'~-I......... PEAK 49 000 c.F.S r-.......... l..' SALT RIVER NEAR ROOSEVELT, ARIZONA 1--+-+-+---1-+-+-----1I / "_ / (Hydr09ropll bosed on Milan doily d;schor~ I
/ /' \ I/........ 1\ i II '\ ............ 1\ er::vrt'iS!llId os oll9f6 byUS.Geologico' I

.01--l--l--lL-...J-.-iI--l-,L.I----1-~I--I-___I__----J..>....c1___Jl-+___I__-+-+___J~-+--+-+___J/----t-I,.'_I+_I'.J--+-----+-+~·"_+-+--+I~x.-+-~jlL--,-___r_-r-.--r-TJ..-t-_+_+--1I-+---I-----1
I /' r-, i-t_...... "I'--. II " 1/'

---------------------- JANUAAY----------------------------~1-- FEBRUARY -------------

T
,,~-I-+-I--+-~+--+-+---1--I-+-I--+-I-+--+-+---1-+-++~-I-+-+-+---1-+-++~-I-+I.--____1f-_-+'7'1I-c.C'An.R.,.hJ"1"~CHrt---j

ICTL~I­
,I--l--l-+-+-+-+j-fl-+---r!-,-+-H-lf-Hf-++-+-+-+-+-+-+-+-l-lf---f-t-+--+-+-+-+-+---+-+-+I-+-t-t-t

HI-I-I-I-I-~~+-+-+-+-+-+++++++++++++-t-t-t-+-+-Ir-t-t-t-t-t---lr--r--f-I-H

,~+-+----l---+,141-f./-::Pi'~-I--lIc:..:.r~r-;+'~:..JJi:..· f.=fl-==f::'.:jf-f=..:j:I-=t-=..:j=l=t--=*-::j-~Fj:--=1=-r-=-1I=_j:,~f-::..:j.+=-~~-:.+_--ll-----j.If--l-+-+S_E"f-i'li."'''I="_L+-+-i
~ ~,~~- ~ I

.1-+--+--1----1-.\II/~-I---,I1.I+--!,..-1fd~*'-··=F=I=~·~·.j=+=j.·~·+4=l~·~·Ff+~··_'!=+4~··:.::j~=fl·=t-::..::.··F~=f·~··~+.--+---1IPHiI-°TIE_"/4~~·~~/;:.!?_R_,O"-R-1
L--" I J

MASS CURVES OF PRECIPITATION
REPRESENTATIVE STATIONS

JANUARY 14-30,1916

lJ I I \ SALT RIVER BELOW GRANITE REEF DAM I \
• \ (Hydrogroph boud on mtton dO;Iy dischorg.

,ool--+-+-I--+-+-+--.q-+,If-\-\.-+-+-+-Jf-+--I--+-+---\-+---+-+--l::~oU:~f;~:'oi:~::r;~:"a:rf/~tt~::::';;:: ~--ifLii'-I-1--+-+-+-\\-+-+-+--+-+-+--I-+-+---1I--+-+--I--+-+-+--+-+-+--I
by Us. at/olof/icDI Survq.)

"'olr diSClJorfp pubhsMd os of /935

120~ ;~::~/~ :,:~::;:: ~:r;;~S~d)

::l •
~ 1--l--l--l----1f.--I--l--1---1-,I-.L+-+-l----1I--I--l--1---1-I-+-+-+----1-+-+-1---1-I--¥-+-+----1-+-++--+----'I-+-+-+----1---1
• ,1-++-+---1---1-1-++--J+I-++-+---1---1+-+-+--J-I-+-+-+____1-+-++~-l-7+-+-+____1-+-++--+7"hrnot.E;'i.,;;1o;;;,,'*____1---1

~ .~+-+_+--j-t-+-+-tHr-t-+:±:;-j4t.:+:~~~F~*4~~F:F;f~~r=F+-=f9=FTT--t--jLfl·'-!·'15-"rt--

"o,~--1--l---I--J--1--+----1f.---!--+-!i--+-+-l--I--J---i\---l-----1--1--+--f.--+--l--+--l--+-+--l--+--l--J-,*=,L~,=,...}-;=r+--JI--+-+-I---+-+-+--+-+-+-----1-+-+-I--+-+---IA. PEAK I"~ 000 CIS.

GILA RIVER NEAR YUMA,ARIZONA
(Hydrograph bOJ.d on mH1/l doily

"0'f--I-+-+--I-+-+---11--+-+-+--+-+-++--I-+--' ':;~~:;~~ofO~~,~:;':/,~~~by U.S. ~-l-+-+--l-+-+--II--

1/1\nol--+-+--I---1--l---I--J--1---l--I--l---l---II---1---\r+---I--J-+--l--Jf.--1---l--I--l---l--I--J.-+--I---i

••orl-T-rl-T-,-,-T-T-II-T-r,-:;::=F.:~~2=:.='::;:;:r,-,-T-II-T-,I-T-,1
PEAK 2M,OOO C1.5.

II /
1401--j-t-t--t-t1Ii~~~H-ittltlltltlllltitl/f\,\t111I1tlllttlltl1!IIt11I PEAK 120000 c.F.5. I \
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u.S. ARMY

I 8"

IN ONE SHEET

17

N

109-16

FOR PRECIPITATION STATION NAMES AND DATA SEE
TABLES 3 AND 4 OF ENCLOSURE 2 TO DISTRICT
ENGINEER'S REPORT TITLEO"INTERIM REPORT ON
SURVEY, fLOOD CONTROL, GILA RIVER AND TRIBU­
TARIES ABOVE SALT RIVER, ARIZ. AND N. MEX.,"
DATED DECEMBER I,U~45.

110·
NOTE:

GILA RIVER AND TRIBUTARIES, ARIZONA AND NEW MEXICO
INTERIM REPORT ON SURVEY, fLOOD CONTROL

GILA AND SALT RIVERS, GILLESPIE DAM TO M~OOWELL DAM SITE, ARIZ.

SCALE: AS SHOWN

FLOOD OF FEBRUARY- MARCH 1938
HYDROLOGIC DATA

15

.----'i'---::::,...;~-------t-------_j--31"

14

BASIN MAP

seALE2\l:;°=ECo'l===:==l2",,0==='",0,====,,1\60 MIL E5

INCHES.

1312

BOUNDARY OF DRAINAGE AREA.

BOUNDARY OF INEFFECTIVE AREA.

LINE OF EQUAL PRECIPITATION IN INCHES.

EXISTING RESERVOIR.

PRECIPITATION STATION AND NUMBER.

PRECIPITATION OF FEB. 27 - MAR.~. Ig3B IN

STREAM - GAGING STATION.

II

"o
">

o

--1--
--111--
--4--

~

3O"·-I--r--'~--+--------1\~----l,--'l~~A-.:'$..---~--------4-------#----EBe-----+---35"

34"-I;z--7~---+--:-:/::.1:::S:~:f~"...e;('!"d~~~c-Il~~~-~i;--~~L-fG.~::::::",""",J.:~/'!:.~K*-=--,l.j.Jl.::::::::::=.1=:T--t----34·
0:

36"-11-\----:~-------+-------_l_------~-------_+-------l+_-------t----
36

·

ROOSEVELT J.24 "

ORACLE 3.02"

- WICKENBURG 215"

---------

(
I

\
\
\
\,

I

MARCH

~ I

MASS CURVES OF PRECIPITATION

REPRESENTATIVE STATIONS
FEB 27- MAR 4, 1938

,A--- --j ·-I·f ..-f---
,/ / -- /.;/

FEBRUARY

HYDROGRAPHS

MARCH-------------------- _

.1-

I
I
I

10 1--r==-f----....I==---r.f--"---t---I--i,'---1---+----t'---I-'-,"'-<-j---+----j---""'-k:---+---+---1---+----1
/ -\ / '.... _I

I \
I \ .. /

20 1---+---+---+----j----I---,/--+---!----h.--f-+---1---+-',,--j----I---+---j----1---+----1

\
\
\
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I \, \,
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.,;
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L • LIHGTM M L.ONGI:IT _TlM:OUlUI.
L.... LINGTH 0' LOHGIIT _Tl~,

MlAIUMD UfII'.T...C.... , TO iJIOlHT
OfttJ'Oa'TC Cl:NTI" MAMA.

• OVl:"·ALL ILOH' 0' O"AIHAGI MOo
UTWUN HI:.AOWf.TIIltI AND
COl.LICTlON POtNT.

LAO. (LAflSED TIM[ ,~ H~NtNG 0#
UNIT "AtH'AL.L TO tHITAHl ~"'T

SUMMATION M~APH IU...CHII

SO'"' aT ULTlMATl DISCH""".

U.S. ARMY

TERW'NOLlXiY

• [XCLUO[S .....1.. A8OlI'[ SAN GA8..IIL
DAM NO. J.

•• MLOMAIt MOUNT...." ~TION. [NT'fIl1
AIl:u. 15 .,, SQUNtl MILlS, O/F WHtCH
lSI SQUAltI MILII DID H01 CONT"IIUTl
A"~ICIAk.[ ',,"000 n.OWI DlJIItIfirC TtC
'LOOOS ANALYZID.

••• ......,- Gf'AftH ,TUOY eASIO ON l'tUN-O""
.-rco'tOS 'Of' '.AN 'lIUoHaICO IItfYIIt
AT CLIHON (DR~ AMA_179O teL";

.. IXCWDl.S U IQlI",IAM W'UI TIltI""'A.-"
TO IAlDWIN LAMI: AND 111 .auA1it1
M'Llt TJlllUTAlIr( TO LAlCC ILIlHOfW.

LAG RELATIONSHIPS
AND S-GRAPH

GILA RIVER AND TRIB., ARIZ. AND N. MEX.
INTERIM REPORT ON SURVEY, FLOOD CONTROL

GILA AND SALT RIVERS,
GILLESPIE DAM TO M£DOWELL DAM SITE, ARIZ.

.00

OFFICE OF THE DISTRICT ENGINEER
LOS ANGELES, CALIFORNIA

TO ACCOMAANY REPORT ~TED;nFc-F"RFR 4 IQ'7

FILE NO. 410143 APPENDIX I PLATE e

250

I

1-+

_"_ LAG
''tAIl HOURi
a.sO 3.'
450 I.'
«0 1.5
.3. 1&.2
2S Ig.7
., ..0

140 •••
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U 210.'
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100 '.2

24 n.'
liS 1).0
45 ,1.&

NOTE'
"UN S - G'-APH (ONSIOI.-ID APPLICAIM.I "Of!'

....-1145 OVI" ISOO SQ. MI. IN THI GILA IItIVEIl: aA51N.

aA5EO ON 5 -G"APH5 '0":
GILA A'V(1It NlAA CL.I'lON.A"I%.O.......
GILA RIVI" AT COHNE" NO." o.tM SITl, .,.120NA.
SAN 'AANClacO "''Ill' "'T JUNCTtQN WITH ILUI:
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... I'LL WILLIA"S "IVE" AT PLANET,4AI2.
S. VE"OE RIVER '.OVE CAMP CREEK, NfA.- Ir..s:OowfLL, AAI2.
•. WURRIITA CMIlk AT Tt::MlCUU, CALI'.
1. SootHT.A CLAIItA lIUVl.- NIAl' SAUGUS. CALI'.
•. TtMlCULA (MDC AT PIIArA C.AH't'ON, CA.LIIJ. ..,
•. SANTA hlAAOAlltnA 1Il:1Vf..- NUlit "ALLIIlIM)()I(. CALI'.

10. SAN VICENTI CAUK AT 'OSTI". CAll~
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11.~ NW.- ~ GL..'I'ON, IoA12••••
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U.S. ARMY

IN ONE SHEET
10 2.0 )0

CONCENTRATION POINT (SEE TABLE I).

SUBAREA NUMBER.

MULTIPLE-PURPOSE RESERVOIR CONSIDERED.

EXISTING RESERVOIR.

MULTIPLE-PURPOSE RESERVOIR RECOMMENDED
BY BUREAU or RECLAMATION.

FLOOD-CONTROL RESERVOIR AUTHORIZED B'1
FLOOD CONTROL ACT APPROVED MA'1 17, 1950.

'0

r-t-. SCALI MILlS

'-.j'eOUNOARY OF GILA RIV!R ORAINAC! ARf.A

I TIME IN HOURS I 1
DA'1-+4 TH DAY---t-51H OA'1-f--6TH DA'1-{

HYETOGRAPH
SUBAREA 13

NOTE:

lSOHYETS BASED ON .......NlJAR'1 1$-21, 1818
STORM TRANSPOSED OIER AREA ABOVE
GILLESPIE OAM AND INDICATE TOTAL
PRECIPITATION fOR THIS PERIOD.

LEGEND

"'''''' BOUNDARy OF GILA RIVER ORAINAGE AREA.

rl,.....,/ BOUNDARY OF SUBAREA.

"""'" BOUNDARy OF INEFFECTIVE AREA.

"-',s-..../ LINE OF EQUAL PRECIPITATION IN INCHES.

-'-' 41------------+++----~
~

~ 3f------------++-+--,----~
'"

N

GILA RIVER AND TRIBUTARIES, ARiZONA AND NEW li4EXICO
INTERIM REPORT ON SURVEY. FLOOD CONTROL

GILA AND SAtT RIVERS, GILLESPIE DAM TO WiDOWELL CA" SIT!, ARIZ.

'0'

o

8l John.
@

k

"0

.•
.7

'"~ .•
u
2:
-oS
~ ~

~

-'
f_

-' ..
:! -
z -~ .3 -'" -..

rl H I - h

"J IIII - l-.
o & 12 II 0 6 12 18 0 6 12 'I 0 • 12 II 0 , 12 " 0 .. 12 .8 J

TIME IN "'OURS
~IST OAY--!--2D oAV--!--3 0 DAY~4TH OAV4-S1H OAY-!--6TH DAY

HvETOGRAPH
SUBAREA 6

,

@1101

'01

I--H
-

OIl'

o 6 12 16 0 6 12 II 0 6 12 18 0 • 12 IS 0 6 12 III 0 6 12 16 0

I I I TIME 'N HOURS I I I
~IST OAV-+--20 OAV'-+-30 DAY~4TH DAV-+STH OAV-r-6TH OAY~

HYEl'OGRAPH
SUBAREA 4

.•f--------------------------l
c- c- _

~ .5f-------,..,--t_+--+-+---Fl----------j
:I:
~.4f-------t-l--t_+--+-+---I-J-.,---------j

;.3f-------t-l--t_+--+-+--~-I-t-+f---------1
• - f_

l}-~ l
• I I I

II>01.

LOWER
CALIFORNIA

,..

o0".'---;':"~'8;=:0~~. =;l.:,.=?',.~o!;-,:,. ~,.=?',.:'--'o;:-!-, --,\,.,.-!..~0~,f.::::;J,.:-:,!.. --!-o-!,-!,.l--:,!..--:-.-I
~IST OA'1--!--2D DA'1-l-30Tg~~INIH~UT~SDAY-4--5THOA'1-J-6TH OAV...,J

HYETOCRAPH

SUBAREA 7

··I--------------------IH---l

.•f----------------------------l-

----------

~ .61---------------------------lf-I--I
u
~ .•f--------------------++--I-If-I--l
~

j .4f--------------------++--I----l-lf-I--l
:!~.31__------------+--i=+--++-+---I3I·------f-l'-------+_-----__=_~-=------.:i_~.A_------+------+-". STANDARD PROJECT STORM
'" .•!-----------++-++-J.-l---l 1 ISOHYETS

(FOR AREA ABOVE GI LLESPIE DAM)

3>·-I-----t----;it..:-----t~King=man=r~L~~~Uw~1L~~--L----_L---~~----+_- ,,'

""I---f--.r-~----L 36°
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U.S. ARMY

MULTIPLE-PURPOSE RESERVOIR CONSIDERED.

SUBAREA NU....BER.

MULTIPLE-PURPOSE RESERVOIR RECOMMENDED
BY BUREAU OF" RECLA.... ATION.

FLOC>O-CONTROL RESERVOIR AUTHORIZED BY
FLOOD CONTROL ACT APPROVED MAY 17. 1950.

EXISTING RESERVOIR.

BOUNDARY OF GILA RIVER DRAINAGE AREA.

BOUNDARY OF SUBAREA.

BOUNDARY Of INEfFECTIVE AREA.

LINE OF EQUAL PRECIPITATION IN INCHES.

r---. SCAl.1 WillS

'-1,7 BOUNDARY OF GILA RIVER DRAINACa: AR[A

NOTE:

ISOHVETS BASED ON JANUARY Ir21, 1915 STORM
TRANSPOSED OVER AREA ABOVE MCDOWELL
DAM SITE AND INDICATE TOTAL PRECIPITATION
rOR THIS PERIOD.

"-'r'11....."

""J
/Jr-.../

,~

~

~

~

®

N

GILA RIVER AND TRIBUTARIES, "RIZON" "NO NEW WEXICO
INTERIW REPORT ON SURVEY, FlDOD CONTROL

GILA "NO SALT RIVERS. GILLESPIE 0...... TO IrIKOOWELL 0.... SITE."RIZ.

STANDARD PROJECT STORM
ISOHYETS

(FOR AREA ABOVE MCDOWELL DAM SITE)
IN ONE SHEET

10 10

@Deming

r--
I

\

o

81. Johns
@

k

I-------t---il---t-+--+-l:=---il-t-t-t--t----t-i--i---i---'O·

I I -l- TIME IN HOURS I I I
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PEAK INFLOW 230, 000 G.F.S.
(CONTROL AT MCDOWELL DAM)

U S. ARMY

HYDROGRAPHS
GILLESPIE DAM

OfFICE Of THE DISTRICT ENGINEER
LOS ANGELES, CALIFORNIA

TO ACCOMPANY REPORT ~TED: DEC.4 1qc;7
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PEAK INFLOW 320, 000 G.F.S.
(NO CONTROL ATMcDOWELL
DAM SITE)

PEAK 170,000
C.F.S.

OUTFLOW

FILE NO. 410/48

Note: GILA RIVER a TRIB., ARIZ. a NEW MElt, INTERIM REPORT
Storm centered over Gi la River above Gillespie Dam. . ~~~~::I~\:~~,;.o~6:~ti.Gb~~as~~LT AR~~i~~A
Hydrographs for Charleston Dam (recommended by U.S.B.R) on Son Pedro River •

and Me Dowell Dam (considered) on Salt River not shown. STANDARD PROJECT FLOOD
Charleston reservoir assumed full to elevation 4,053.0 feet at start.

Outflow equals inflow to 5,000c.f.s. Inflow peak is 43,000 c.f.s., outflow 5,ooOcls
MCDowell reservoir assumed full to elevation 1,405.0 feet at start. Out-

flow equals Inflow to 82,000 c.f.s. Inflow peak is 210, 000 c.f.s.,
outflow, 82,000 c.f.s.

All other reservoirs assumed full to spillway crest at start of flood
and negligible in their effect on run -off.
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fiLE NO. 4/0/49

o STANDARD PROJECT FLOOD
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HYDROGRAPH . LOS ANGELES, CALIFORNIA

THIS DRAWING S~PERSEDES DWG. FILE ND. -4lO!"9 TO ACCOMPANY REPORT DATED: DEC.4.I957
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410/50 APPENDIX I PLATE 15
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Note: GILA RIVER IURIB.,ARIZ. a NEW IIEX.INTERIII REPORT
Storm centered over Gila River above Gillespie Dam. ON SURVEY, FlooD CONTROL,GILA a SALT RIVERS,
Hydrographs for. Charleston Dam (recommended by USSR) on San Pedro RiVel GILLESPIE DAII TO lie. DOWELL PAil SITE, ARIZONA

and MCDowell Dam (considered) on Salt River not shown. MAXIMUM PROBABLE fLOOD
Charleston reservoir assumed full to notch crest elevation 4070.0 feet HYDROGRAPHS

with outlets blocked. Inflow peak is 68,000 c.f.s., outflow 27,200 c.f.s.
MCDowell reservoir assumeti full to elevation 1~05.0 feet at start. Out- GILLESPIE DAM

flow equals inflow to 82,000 c.f.s. Inflow peak IS 350,000 cJ.s.,
outflow, 245,000 cJ.s.

All other reservoirs assumed full to spillway crest at start of flood
and negligible in their effect on run -off. .
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UNITED STATES ARMY CORPS OF ENGINEERS

LOS ANGELES DISTRICT

GEOLOGY AND SOILS

GILA AND SALT RIVERS, GILLESPIE DAM TO McDOWELL DAM SITE, ARIZONA

To accompany interim report on survey for flood control, Gila and
Salt Rivers, Gillespie Dam to McDowell Dam site, Arizona, dated
December 4, 1957•
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G E 0 LOG Y AND SOl L S

GILA AND SALT RIVERS, GILLESPIE DAM TO McDOWELL DAM SITE, ARIZONA
.' • ~'j'" -:. ~.: ' .

. r
j.'

SCOPE

1. This appendix deals with soils and geologic conditions along an
aO-mi1e reach of the Gila and Salt Rivers in Maricopa County, Ariz.,
extending from Gillespie Dam on Gila River to McDowell Dam site on Salt
River.' Regional geology, the absence of destructive earthquakes, and·
the occurrence of ground water within this area are briefly mentioned.-;
Particular attention is paid to the reach of Salt River between Tempe and
Phoenix (where levee improvements are being considered) and to the McDowell
Dam site on Salt River just below its junction with Verde River. Consid­
eration is given to soil characteristics of the foundation and embankment
materials, and to geologic features, ground-water conditions, and avail­
ability of construction materials.

REGroNAL GEOLOGY

2. The area drained by Gila River and its major tributary, S~l'!i·
River, is part of the Basin and Range province, which covers a large' part
of southwestern United States. The surface of the area is a series of
broad, connected desert valleys and plains from which rise numerous hills
and short, isolated mountain ranges. South of the area, a highland with
similar topography extends many miles into Mexico. On the north, rugged
mountains separate the area from the upland province lmown as the Colorado
Plateau.

3. The rocks that form the hills and mountains and underlie the
valleys and plains are chiefly great masses of pre-Cambrian metamorphosed
granites and volcanics, with which occur minor amounts of sedimentary
rocks. During the Tertiar,y period, much block faulting occurred in this
region and structural valleys were formed between the upthrown mountain
blocks.

4. The intermontane valleys and plains are deeply filled with
alluvium consisting of poorly assorted, coarse sediments interbedded with
silt and clay. The valley-fill materials in the Salt River Valley were
derived from the broken, mountainous country to the north and east and
from the isolated ranges within the valley borders. These materials were
deposited in such an irregular manner that tongues and lenses of boulders,
gravel, sand, silt, and clay are indiscriminately mixed. The areal extent
of sediments in the Salt River Valley and adjacent portions of the Gila
River Valley totals several thousand square miles. The area includes a
broad plain extending southward from Mesa and Chandler to Gila River.
This plain is an ancient flood plain of Salt River. The maximum thickness
of these sediments has not been determined but is known to exceed 1,300
feet in Section 34, T. 1 N., R. 5 E., about 2 miles south of Mesa!·'

2-1



EARTHQUAKES

5. ~o' destructive earthquakes are known to have occurred within
100 miles of the McDowell Dam site during the period of earthquake
record in this region (approximately 180 years). Earthquakes of
record nearest the site occurred in 1906, 1910, and 191~ and had their
epicenters in the San Francisco Mountain range of northern Arizona,
about 130 miles north of the dam site. Their intensities were VIr and
VlIT, Ross i-Forel scale. Other centers of recent seismic disturbances
are found in the border areas of the State, at distances of 150 to 200
miles or more from the site. None of these epicenters are near enough
to this site to cause much·damage.

GROUND WATER

6. In the Salt River Valley and adjoining parts of the Gila
River Valley, ·ground water occurs as a single ground-water body,
which saturates all but the uppermost layers of the valley fill. The
aquifers in this region are discontinuous tongues and lenses of sand
and gravel, which represent parts of former stream channels that now
are buried and are intermingled with beds of silt and clay. The com­
paratively uniform plane formed by the water table in any given
locality within the area shows that there is effective hydraulic
continuity between the aquifers.

7. Within the Salt River channel opposite Tempe, the water
table has. been close to streambed elevation for more than·40 years
prior to 1947. Between 1947 and 1949, the water levels declined
approximately 20 feet below the land surface (see appendix 6).
Along most of the 20-mile reach of Salt River between Tempe and a
point approximately 5 miles above the confluence with Gila River,
the water table in the spring of 1949 was from 15 to 30 feet below
streambed. In 1905, the water table along that reach was 10 to 20
feet higher than in 1949. Along most of the upstream half of that
reach, between Phoenix and Tempe, the water table is from 20 to 30
feet below streambed.

SALT RIVER LEVEES

8. Location.--Levee improvements under consideration would be
on Salt River between Tempe and Phoenix, IJIaricopa County,' Ariz., in
T. 1 N., Rs. 3 and 4.E., Gila and Salt River meridian. The project
reach is accessible via numerous roads that lead to the bottom
lands -on both sides of the river.

9. Field investigation.--The field investigation began in
September 1949 with a preliminary examination of the BO-mile reach
between Gillespie Dam on Gila River and McDowel! Dam site on Salt
River. In October 1949, exploratory drilling was done along this
reach and several commercial sand and gravel pits were examined,
logged, and sampled.
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... : 10. The preliminary inve'stigation consisted of examirli,ng "t,h.,tl
river-channel deposits and the adjacent bottom lands and noting'the

"uTocations of commercial sand and gravel pits and several rocky
buttes in the vicinity as possible sources of construction materials.

11. The explorator,y drilling consisted of 10 power-auger holes
(18-inch diameters) ranging from 15.0 to 21.0 feet in depth, with a
total depth of 179.5 feet. The holes were located in the present:
flood plain of Gila and Salt Rivers. In general, each hole was '
drilled to a depth equal to the height of the levee. Samples were
taken from each test hole at observed changes in formation. No
undisturbed samples were taken during the exploration as the
materials which were encountered,were predominantly granular.

12. The sand and gravel layers exposed in several commercial
pits in 4 separate areas along a 6-mi1ereach of Salt River near
Phoenix were examined and logged. The vertical sections logged in
these areas have been designated Sections A, B,C, and D. The
thickness of these sections ranged from 13.5 to 45.0 feet, and ;
totaled 114.5 feet. Disturbed samples of materials were taken in
each of the 4 areas. The locations of the test holes and sections
are shown on plate 1.

13. Laboratory tests, --Soils that would be excavated under the
-plans considered were tested to determine their suitability as
material for levee fill. Soils on which the levees would be con­
structed were tested for competency as foundation materials. These
tests, which were made at':'.the Los Angeles District laboratory,
included mechanical analyses, plasticity tests, and moisture-content
determinations. Logs of the test holes and such pertinent data as
soil classification, moisture content, and maximum grain size are

.,shown on plate 1. " ' ....... '- ,-

:r4. ' 'Fomdation conditions. --The foundation materials for the
ieveesunder consideration would be Recent alluvium consis~ing .of ,
'irregular lenses of sand, gravel, and 'boUlders'arid' occasfona1..ienses
of silt and clay. These materials, which are of 'medium 'density,
would be competent to support the anticipated loads. Because these
materials are predominantly granular, most of the expected settle­
ment would occur during construction. Differential settlement may
o.ccur locally because of occasional lenses of silt and clay, but the
degree and extent of such settlement probably would not be great
enough to materially affect the overall stability of the structure.
The occurrence of underseepage, which would be detrimental to the
stability of the levees, is not considered likely ex~ept where the
levees would cross old stream channels. This conclusion. is based on
the following factors:

(a) The net excess.:hYdraUiic head availabi~ between the ri~~~
~ride water surface and' :the 'l~ds:i.ciEi"toe' of the levee, would be less
• '.... • J' ," I '0' "'. I . .', r . ,
than '10 feet. ' , -



(,E) The maximum period of submergence of the levee of approx­
imately 4 days would be insufficient to permit the development of
steady seepage under the structure except at points where the founda­
tion consists of highly pervious materials.

(c) The ground water in the reach in most places is from 20 to
JO'feet below streambed.

At points where the levee foundation is composed of highly pervious
material, landside berms could be provided as protection against
excessive seepage pressure.

IS. Levee design.--The levee would range in height from 7 to
22' feet above the natural ground and from 23 to 28 feet above the .
streambed. The top width of the levee would be 18 feet and. the
slopes would be 1 vertical on 2 horizontal. The riverside slope
would be protected by rock. The embankment material, i-Jhich would
consist of river fill, would be predominantly granular. Placement
of the material should be accomplished by wetting and compaction
with sheep's-foot or rubber-tired rollers.

16. Analysis of the levee slopes by the infinite-slope metho~i,

indicates adequate factors of~safety under conditions of rapid draw­
down and steady seepage. The assumed s~il values shown in the
following table have been adopted for design and are considered con~

servative.

Design values, Salt River levees

Material

Founda.'tion••••.....•....••...• :
Ernbankrnent. . . . . . . . . . . :

Angle of
internal
friction

Degrees
32
34 :

Cohesion

Pounds per
square foot

o
o

Dry weight

Pounds per
cubic foot

110
120

17. Because the duration of flood stages is short, no special
drainage provisions for' the control of' :seepage through the levee are
required. Drainage under the revett.ed levee slopes would: not be
necessary because the levee would be composed of free-draining sand
and gravel.

18. Construction materials .-:'An ··ample· supply o£-; suitable
embankment materials, chiefly sand, silty sand, and gravel, would be
available at the site. Rock for facing the embankment would be
available from local sources from 3 to 6 miles from the project. No
other construction materials would be needed in appreciable quantities.
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19. ConclusionS.--The 'r~s]lits of the preliminary investigation
of the foundation conditions ~acof the availability of suitable
construction materials shoW that construction of levees along Salt
River is feasible.

20. The Recent alluvium would be _fully competent to support the
proposed load. The alluvi1.1lll i.s predominantly granular and settlement
within it would occur,: principally during co'nstruction of the levees.

21.' Recommendations~--Compactionof the levee material with
sheep1s~foot rollers, rubber-tired rollers, or other compaction
equipment would be required.

22. In general, no special provisions for the control of seep­
age under or through the levee would be required in view of the
short duration of the flood stages and the low height of levees~

At those sections where the levee alinement crosses old stream
channels, consideration should be given to the use of landside berms
as a protection against.exc_essive uplift pressures.

23. Prior to construction, additional soil and foundation
investigations should be made.

McDOvJELL DAM SITE

24. Looat ion and description. --The dam site, which is in
Sections 5 ap~.6, T. 2 No, R, 7 E., Gila and Salt River meridian, is
at river mile ..,46, approximately, on Salt River immediately down­
stream from -its _confluence with Verde River. Granite Reef Dam and
Stewart r-1ountain Dam are approximately 3 river miles downstream and
10 river miles upstream, respectively, on Salt River; and Bartlett
Dam is about 23 river miles upstream on Verde River. Access- to the
right abutment is by 1, miles of paved road and 14 miles of graded
service road extending from Phoenix to that city's water-treatment
plant near the site. The distance by road from Phoenix t·o the left
abutment _is 3, miles, of which 24 miles are paved, 9 miles graded
and improved, and 2 miles unimproved. The nearest railhead is at
Mesa on the Southern Pacific lines, 19 miles by road southwest of
the dam site.

Z,. The dam would be approximately" 200 feet long, extending
southeastward from a mountain lying west of the confluence of the
Salt and Verde Rivers, to a group of low hills lying south of the
confluence. The reservoir would extend about 10 miles northwar.d
within the broad, flat Verde River Valley and about 8 miles eastward
along Salt River. The outlet works would be cut through a rOCK knob
approximately 1/4 mile in front (southeast) of the toe of the right
abutment. The spillway would be in a broad sag in the Salt River
Valley wall, about 1 mile south of the left abutment.
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26. Field investigations~--In1901, the United States Geological
Survey explored the original McDowell Dam site, which is on Verde
Ri~er, approximately 1 mile upstream from the present McDowell site
on Salt River. Ten test holes, drilled by the Geological Survey in·
the streambed area at the Verde River site, ranged from 22 to 99 feet
in depth and totaled 587 feet, of which 529 feet were in overburden
and 58 feet were core-drilled into bedrock. The greatest qepth at
which bedrock was found, in this early drilling was 90 feet. (For
other details see U.S.G.S. Water-Supply Paper 73, 1903, and U.S.G.S.
Bulletin 573, 1915.)

27. During the summer of 1949, the Bureau of Reclamation
explored the present McDowell site on Salt River. The results of
this investigation were made available to the Corps of Engineers in
"Preliminary report on the geology of the McDowell Damsite," Bureau
of Reclamation, Phoenix Office of ~roject Planning, March 1950. The
surface geology at the dam site was mapped on a scale of 1 inch to
100 feet. The subsurface work-comprised explorations for foundation,
excavation, and borrow materials.

28. The foundation materials and those to be excavated were
jointly explored by drilling 23 test holes and excavating 3 shallow
test pits. The test holes ranged from 40 to 222 feet deep and
totaled 2,380 feet, of which 1,508 feet were in overburden and 872
feet were core-drilled into bedrock. The locations of the test
holes are shown on plate 2. The 3 test pits at the left abutment-­
only 3 feet deep--are not designated by specific number and are not
showp on the plan of foundation explorations •.

29. The search for suitable embankment materials included an
evaluation of materials from required excavation areas as well as
explorations for impervious and pervious materials from borrow
areas. The borrow exploratory work consisted of excavating 4 test
pits and· 1 open cut and drilling 5 hand-auger holes, each 4 inches
in diameter. -The test pits and auger holes ranged in depth from
4.5 to 32.0 feet, and had a combined total depth of 107 feet.
Test pits 1 and 2 and all 5 of.the auger holes are on the gently
sloping flood-plain terrace that extends eastward from the river
channel and approximately 1 mile downstream from the axis of· the
dam under consideration. Test pits 3 and 4 and the open cut are
on the opposite (northwest) side of Salt River, test pit 3 being
near the riv~r bank and about 0.3 mile below· the axis of the dam,
and test pit 4 and the open cut being between the river and the red
conglomerate knob, a short distance below the axis of the dam.

30. Laboratory tests. --Pertinent information on laboratory
tests of rock and soils at the site is given in the following subpara­
graphs.

(a) Rock.--Selected core samples of rock were tested for com­
pressive strength by the Bureau of Reclamation laboratory in Denver,
Colo. The results of these tests are tabulated below:
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* Materials smaller than .074 mm.

Compressive
strength

Pounds per
squa.re inch

:4,430
3,970
2,270

Maximum
Percent of-- size in

inches or
:Gravel:Sand:Fines*:screeh size

2-7

Soil type

Laboratory tests on rock samples

Rock type Hole No.

Laboratory tests on borrow materials

Depth
: I. interval

of :-,:
sample

Test
pit

Red conglomerate •••••••••••••••••••.•..••••..•• : 4 and 18,.:
Basalt ••.....••................................ : 15 :
Tuff•••........................................ : 9••...••.• :

The preliminary indications of these results are that the foundations and
abutmeI1ts are competent to support the structures conside.red for this,
site.-,· It was considered unnecessary at this time to test the granite,:..
which, as a foundation rock, is superior to the three types of rock that
were tested.

(b) Soils.--The testing of soils was conducted by the .Los'Angeles
DistriCt, u. S. Army Corps of Engineers. La1:;>oratory tests were limited
to tests for classification of borrow material. The classification of
foundation soils :was made visually. Soil tests for engineering proper:­
ties, such as shear strength, compressibility, and permeability, were.,
not ,considered necessary at the present stage of investigation because
a v.isual inspection of the material was considered sufficient to
determine the suitability of these materials for embankment fill and to
evaluate 80il characteristics for embanlanent design. The classification
tests on borrow material were conducted on continuous samples from 3 of
the 4 test pits and included tests for plasticity characteristics and .'
grain~s~z~ determination. The results of these.tests. are presented ,in',
the ,following table. The percentages of gravel, "sand, and fines indi":",,,
cated in the table represent the averages of tests on a number of
samples.

-e
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31. Field tests.--The water-pressure tests made in each of the
holes drilled at the site by the Bureau of Reclamation were the only
field tests made during this investigation. Because the water losses
measured in these tests were generally negligible, a retabulation of
the results is not ~ssential here. (See logs of test holes included
in the Bureau 's tlPreliminary report on :the geology of the McDowell Dam-
site, II Phoenix ·Office of Project Planning, March 1950-.) ....- ...-..---.-.

. . "

32. Geology of site. --Erosion has reduced a once continuous
granite range to 3 principal remnants and..associated pediments:
McDowell Mountains, Mount McDowell, and Usery Mountains. The latter
2 moUntains became isolated from each other when an ancient Salt or

.VerdeRiver carved a notch or gap between them by cutting through
: the once 'ddntinuous range. The dam site is 'at the upstream end of
this notch.

33. Mount McDowell is a twin peak, the north peak being granite
and the south peak being a butte of pre-Pleistocene conglomerate
(probably in part fanglomerate), which dips gently westward. The'
same' 'conglomerate is exposed dipping steeply southeastward in a
small knob just west of the river jUnction. The north granite peak
of Mount McDowell forms the right abutment of the proposed dam, 'and
the small, red conglomerate' knob is the site of the proposed outlet
works.

. . 34. The Usery Mountains, forming the east wall of the gap, "" .
consist'of the. main granite ~ss with a group.'of low h'ills of pre- .
Pleistocene conglomerate lying opposite the river junction. These .. '
hills would 'form the left abutment of the dam. The spillway would
occupy a broad saddle in granite which lies' at the 'south edge of ,
the conglomerate hills, about 1 mile southeast of the. ,left abutment.

. . . ",.

35~ Exploratory "drill holes and a few small 'outcrops show the
,p'resence' of a thick section of pre-Ple,istocene conglomerates and
associated volcanic rocks under the "Salt River flood plain. This
fbrmation appears'to be continuous from a point about 600 feet out
from the toe of the right abutment to the toe of the left abutment~.
a total distance of about 3,200 feet. The fprmation dips southeast­
ward at approximately 250. The same formation probably underlies
Verde River alluvium near its junction with Salt River.

- 36. Across Verde River from the north p~ak of Mount McDowell,
I:;"~";rp;nge' of low hills strikes eastward as far as Stewart Mountain,
, . fonning a barrier ..between the Verde and Salt River aasins. These
. hills are composed of semiconsolidated Pleistocene sediments which

are continu9us',with, the deposits found in the broad basin to the
north. " . ' .

," : 37.. The youngest deposits at the dam site consis,t of Recent .
,alluvium, talus debris, and soil, of which the~alluv1~ is the'most
·'Widespread. Along the axis of the dam, the alluvium' occurs in. 3

.. c ' .
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zones which differ considerably in thickness. Between the left abut­
ment and the present channel of Salt River, the alluvium is less
than 25 feet thick. From the river channel to the red conglomerate
knob in front of the right abutment, ,the alluvium thickens progres­
sively from almost nothing to more than 50 feet. A 1,200-foot-wide
terrace between the red knob and the granite of the right abutment
stands 50 feet higher th~ the present flood plain. The granite
mass that forms the right abutment apparently extends beneath the
adjacent (northwest) half of the terrace, where the greater part of
the granite-bedrock surface is thinly covered with alluvium. Test
holes in the southeast half of the terrace show a large channel
buried beneath 120 feet of alluvium (see profile, pl.. 2). The
deepest part of this channel, which has been cu~ into the pre­
Pleistocene basal conglomerate, is at least 20 feet deeper than the
deepest point thus far known in the present Salt River channel near
the axis of the dam. However, test holes in the ped of Verde River
at the old dam site (about 1 mile upstream from the present site)
show the top of bedrock to be more than 90 feet below streambed
elevation.

38. The structural relationship of the rocks at the site is
imperfectly known. The conglomerate in Mount McDowell dips abo'Q,t
100 eastward. The conglomerate in the red knob dips about 350 lrTest­
ward and, from test-hole information, it is inferred that this west­
ward dip continues beneath the flood plain to approximately 400 feet
from the toe of the left abutment. The conglomerate forming the left
abutment dips from 200 to 370 northeastward. This marked reversal
of dip indicates the presence of either a buried fold or a fault.

39. Two faults appear on the surface at the site, one at the base
of the right abutment and the other in a ravine south of the left
~butment. The right-abutment fault occurs with a vertical crushed
zone, about 100 feet wide, in the granite. It strikes south1'Testward
and is traceable downstream for a distance of more than 1 mile. This
fault zone is characterized by shattered rock, innumerable parallel
minor slip planes, and veins of calcite, quartz, and barite. The
,left-abutment fault strikes north 800 west and dips 750 southwest­
ward. It has a reverse displacement of nearly 1,000 feet. This
fault also outcrops 2/3 mile east of the left abutment, where barite,
which occurs in veins in the fault, is being mined. Where exposed
to view, the conglomerate adjacent to the fault is not disturbed.

40. Other faults may be concealed under the alluvium, par­
ticularly in the buried side channel near the right abutment. The
poor core recover,y from the 6 holes drilled here, the numerous minor
fractures in the granite shelf that forms the southeast part of the
terrace, and the narrow, gorge-like aspect of the channel suggest
the presence of a fault striking north-south, with the upthrown side
on the west.
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41. Ground water occurs in nearly all of the formations
encountered in drilling at the site. The main exception is the
granite at the right abutment, where hole 1 was drilled 101.7 feet
without finding water. In the buried-channel fill in front (south­
east) of the right ab.utment, the water table was found in holes 2,
3, 19, 22, 23, and 24 (May 1949) at depths ranging from 32 to 55
feet, or at elevations of 1,327 to 1,329 feet. In hole 4, the
water table was found in the red conglomerate of the small rocky
knob at a depth of 75 feet, or at elevation 1,329 feet, approximately.
In the greater part of the flood-plain area (from the red conglom- .
erate knob to the southeast bank of Salt River), the water table was
found in holes 5, 6, 7, 9, 13, 14, 15, 16, 17, 18, and 20 at depths
ranging from 4 to 11.5 feet, or at elevations of 1,327 to 1,328
feet. In holes 10 and 11*, which are within 600 feet of the toe of
the left abutment, the water level was at depths of 24 and 22 feet,
or at elevations 1,328 and 1,336 feet, respectively. In hole 12~~, on
the left abutment, the water level was found within the gray con­
glomerate at a depth of 120 feet, or at elevation 1,341 feet. It is
noteworthy that, within the greater part of the embankment area, the
water table (May 1949) was within 1 foot of elevation 1,327 feet.
The geologic plan and profile, sections, and logs are shown on
plates 2, 3, and 4.

42. Foundation conditions.--The axis of the dam considered by
the Corps of Engineers is from 60 to 200 feet or more upstream from
the axis proposed by the Bureau of Reclaniation. The width of the
valley along the new axis is approximately 3,800 feet from toe to
toe of the abutments, and apprOXimately '5,200 feet at elevation
1,494 (m.s.l.), the elevation of the top of the dam considered.
Streambed elevation of this alinement is about 1,324 feet.

43. The foundation materials comprise unconsolidated alluvium,
partially cemented buried-channel fill, and several types of bedrock.
The unconsolidated alluvium consists of sand, gravel, boulders, and
occasional lenses of silt~ The buried-channel fill consists of
older river alluvium with various admixtures of slope wash and
talUS, unconsolidated in greater part but containing cemented zones.
The bedrock components of the foundation materials consist of 5
separate rock units which, in stratiographic sequence, are:
Granite, red conglomerate, basalt~ rhyolite tuff, and gray conglom­
erate (also probably fanglomerate);

* Water-table elevations obtained in holes 11 and 12 "are considered
by the Bureau of Reclamation as being "too high because of the
influence of drill water remaining in these holes." See the Bureau's
report, March 1950, pages 27 and 28.
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44. At the right abutm~I)t,',the ground slopes at the rate of 1
(vertical) on 2 (horizontal) for a horizontal distance of 200 feet.
The abutment rock consists mainly of granite with small, widely
separated inclusions of altered rock and with intrusions of hard,
felsitic dikes., The granite is weathered near the surface and con­
tains open joints to a depth of about 10 feet. The surface of the
granite in this abutment is thinly covered locally with soil, slope
wash, or residual debris. The average thickness of material to be
removed from this abutment is estimated at not more than 2 feet.
A grout curtain extending into bedrock would be provided to elim­
inate a harmful amount of underseepage. No core trench would be
required at this abutment.

45. At the left abutment, the ground slopes at the rate of 1
on 4.5 for a horizontal distance of 400 feet from the toe of the
abutment and 1 on 20 for the next 800 feet to the top of dam. The
abutment rock consists of poorly cemented, gr~ conglomerate con­
taining interbeds of sandstone. The rock in the lower, steeper part
of the abutment is covered with talus and slope wash to an est:illlated
average depth of $ feet, and the rock on the upper slope, with par­
tially cemented, terrace gravel to an estimated depth of 10 feet.
The average depth of stripping is estimated at 7 feet or less. A
core trench with a concrete cutoff extending into bedrock should be
provided against harmful underseepage.

46. In addition to the 200 feet of embankment at the r.ight
abutment and the 1,200 feet at the left abutment, there would be
approximately 3,800 feet of embankment extending between abutments.
This 3,800 feet of embankment would comprise 1,200 feet of embank­
ment founded on bedrock and 2,600 feet on alluvium. The average
depth of stripping and scaling along the entire 3,800 feet is esti­
mated at about 1 foot (pl. 2).

41. The first $00 feet of embankment out from the toe of the
right abutment would be founded on granite. A nearly vertical zone
of red-stained, shattered granite about 100 feet wide trends south
400 west and is crossed by the axis of dam about 100 feet out from
the toe -of the abutment. Elsewhere in this reach, the granite bed­
rock is believed to be similar to that in the right abutment. A
grout curtain would be provided within this reach, but no core trench
would be required.

48. The next 600 feet of embankment would cross the buried
channel previously described and would be founded on the buried
channel fill (see a preceding heading, "Geology of site"). The
impervious section of the dam should extend within a core trench to
bedrock (red conglomerate), where a grout cap would be provided and
rock would be grouted.

2-11



49. The next' 500 feet, 'of embankment would cross the present
site of the red conglomerate knob that 'stands between the old buried
channel and the present flood plain of Salt River. This reach of
embankment would be founded on red conglomerate except for that part
to be occupied by the outlet works (pl. 2)., No core trench would be
required in this reach, but a grout cap woul,d be 'provided and the
rock l-lould be grouted. 'i ::" ,:; "',' , .

50. The next 1,200 feet of embankment would extend from the
red conglomerate knob almost to the present Sal~ River streambed.
This reach of embankment would be fotii1ded on the alluvium of the
present flood plain. The impervious section 'of the dam should
extend within a core trench to bedrock (red conglomerate and basalt),
where a grout curtain would b~ provided.

51. The next 200 feet of embankment would occupy' the present'
site of an expos ure of rhyolite tuff at the confluenc'e of,Verde -and
Salt Rivers. This reach of embanlanent would' be founded on'a betlrock
of rhyolite tuff, where a grout curtain would be' p'r6vided~" Ncr:core
trench would be required. "," ,

....' ..
52. The final reach of 800 feet, which would meet the l;~OO­

foot embimknteht of the left abutment, would be founded on -alluvium
of the present flood plain. The impervious section of d~,should

extend in a core trench to bedrock (chiefly gray conglomerate),
where a grout 'curtain would be provided.

53. The outlet works would be founded on the red c'onglomerate
that forms the knob between the flood plain and the buried 'channel.
Concrete collars would be provided around the structure ,to 'prevent
seepage along the structure. Grout pipes would be installed in the
collar at the axis of the dam, and the rock would be grouted.

54. The detached spillway would be chiefly on granite. ; 'The
spillway crest would be formed by a concrete weir extending into
bedrock. The spillway walls would 'be, of cut-and-'fi1l construction.
The channels would not' require stripping or paving •

• ".*":

55. Borrow materials.--Th'e 'greater part of the materials
needed foz: the 'earthfill embankment would be obtained from borrow
areas. The required excavation at the dam site would provide only
a small fraction of the total amount needed. The methods and
extent of the borrow exploration:, are described' 'under, a -previous
heading, "Field investigations'. II 'The principal "Source' 'of borrow
material for :the random -pervious'ii'ones "of :--the~mbankmentMould be
the'streambed"areas both ups'tream 'Cl.nd Q'1JWnstream from the dam site.
The random 'pervious mate1'ial ;would "'C':onsist 'principally 6f':s'ilty ",,'
and sandy gravels. Material for the narrow imperv.ious:,C'ore',and
core trench would be obtainable from the terrace areas immediately
downstream from the site. The impervious material would consist
mostly of silty sand. Excavation for both randem pe1'"V'ious and



impervious borrow would be conducted in the dry (i. e., above the
water table). The depths of cut in the borrow areas would be suffi­
cient to permit the efficient use of heavy power equipment.

56. Embankment section.--The dam at the McDowell site would be
approximately 170 feet high above streambed. At the top of the dam
(elav. 1,494), the embankment would be 5,180 feet long and 30 feet
wide. The earth embankment would have an upstream slope of lon' 3
and a downstream slope of 1 on 2.5. A 10-foot berm would be pro­
vided on the downstream slope at elevation 1,400. The upstream· slope
would be protected by a 2-foot blanket of quarrystone obtained from
nearby sources and placed on a l2-inch layer of graded local gravel.
The downstream slope would be protected from erosion by a l2-inch
blanket of graded local gravel from the dam crest (elev. 1,49Q) to

, elevation 1,350, which is 5 feet above maximum tailwater. A lay~r

,. of stone ranging in thickness from 4 feet at the top to 6 feet at
the toe would be obtained from nearby sources and would' be placed

, on the downstream face from elevation 1,350 to a depth of at l~<;lS.t
15 feet below streambed for 'protection against taUl'1ater. This
layer of stone would overlie a 2-foot layer of spalls •

• ' ." r '57. The material for the rolled-~arth fill would be placed by
"," wetting and compaction as follows: (1) Random pervious in zone II,
'.' .. adjacent to the upstream and downstream faces; (2) impervious in

, zone I, in the central part of the dam and continuing down to bedrock
in the streambed part of the dam; and (J) select pervious under the
downstream sjde of zone II. Protection against underseepage would
be obtained by an impervious core trench extending to bedrock and a
suitable cutoff extending several feet into bedrock.' The core trench

.. !,ould be excavated to an average depth of 10 feet to bedrock along
'the terrace slope of the left abutment, to an average depth of 25
feet for the reach within the flood-plain area to the east of the
tuff outcrop, to an average depth of 40 feet in the flood-plain area
between the tuff outcrop and the red conglomerate knob, and to a
maximum depth of 120 feet in the buried-channel area immediately
northwest of the red conglomerate knob. A grout cap-would be pro-

, .vided at the bottom of the core trench. Plates showing the plan,
, profile, and sections for the dam under consideration are inclosed

in Appendix 3: Bases for Design.

, 58. Design of embankment slopes.--The stability of the embank-
ment slopes with respect to sliding was investigated by the crittcal­
circ.1e method. The downstream slope lias analYzed for conditions of
earthqua~e and steady seepage, under the assumption that the water
surface would remain at the reservoir design-flood level of elevation
1,470 for a sufficient length of time to develop a phrea'tic line
through the embankment. The upstream slope was analyzed for the
condition of rapid drawdown of the reservoir. Analysis of the
upstream' and downstream slopes indicates adeqUate factors of safety.
Cons idering the range of shear-strength values presented in the
following tal;>le, the downstream slope would have minimum factors of
safety varying from 1.0 to 1.25 when acted upon by an earthquake
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force equal to one-tenth the force of gravity. ,The upstream slope
would. have minimum factors of safety varying from 1.0 to 1.5 for'the
condition of a rapid drawdown from the spillway crest to the terminal­
storage level. For the upstream' slope; earthquake forces were not
considered because the' occurrence of earthquake and drawdown simul­
taneously is unlikely. Soil 'constants for the pervious and impez:vious
embankment materials have. been assumed and are considered conseriative
v~luel;l. The values adopted for design are shown in the following
table:

Soil constants used in design of McDowell Dam, Salt,River, Ariz.

Angle of ':
Material' internal Cohesion Dry weight

friction :
,.·.. Pounds per • Pounds per• •

Degrees sguare foot cubic foot
Foundation, .•. -••••..•... _••..... : 30 0 : 100
Embankment (pervious) ••••.••••• : ' 30-36 0 : 120
Embankment (impervious) •••••••• : 25-30 0 110

59. Embankment seepage and drainage provisions. --Because" the
proposed design includes provisions for'terminal storage in the reser­
voir with maximum,water surface ,at elevation 1,405, which'is approxi­
mately 80 feet above streambed elevation, the embankment section has
b.een designed with a central impervious zone above streambed level
and an impervious core trench extending below streambed elevation to
bedrock. A grout cap would be placed at the bottom of the core :
trench and rock would be grouted. These provisions would tend to
reduce the seepage through and under the embankment to a safe minimum.
Control of detrimental uplift pressures in the vicinity of the down­
stream toe would be effected by use of a horizontal drainage layer
10 ,feet thick extending from the central impervious zone to the
derrickstone ,backfill at the downS'tream toe. Discharge for the
seepage collected by this drainage layer wOuld be provided at the
downstream toe by the derrickstone backfill, except during
periods when high tailwater would exist. Such conditions should be
extremely limited because the elevation of the maximum prob~ble

tailwa'",er is 1,345 feet, which e.orresponds to the top elevatiQn of
the horizontal drainage layers. '

60•. Construction materials.--The availability of construction
materials at or near the dam site was reconnoitered by the Bureau
of Reclamation, but no effort was made to asc'erlain quantities~

It is probable that the mcessary materials' can be found within"a
"few miles of the site. Cement in quantity can be procUred from a
plant near Tue~on. As stated in the 1950 report by the' Bureau of
RecLamation: "C oncr-ete aggregate ,can probabl;r all be obtained
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from'the alluvial 'material.between the red conglomerate knob and
Salt River at the ,-dam site~t Sa1nples of this material 'w'ere sent to
the Denver laboratories for preliminary testing. Tn a l'etter to the
Regional Director from Head, Research and Geology Division, dated
August 25, 1949~ it states that 'this material can be' used for con­
crete aggregate provided that proper gradings' are obtained, and
low-alkali cement and air'-entraining agents 'are used. n A potential
source of earth embankment material is the broad flat extending
along the left side of Salt River for about 1 to 2 miles downstream
from the site. This material' consists of silt, sand; gravel; and
boulders similar to the alluvium on'the left side of the river at
the dam site but overlaih by lean clay to an average depth of 16
feet. Riprap'and other quarryrock can be obtained from the
granite of Mount McDowell,' probably 'Within a few hundred yards of
the right,abutment.

, 61. Leakage conditions in reservoir area.--The reservoir area
would consist of an 8-mile reach of the Salt River Valley and a 10-'
mile reach on the Verde River Valley. These 2 branches of the
reservoir area meet at right angles immediately upstream from the
dam site. { ,,'

62. The Salt River branch is rimmed by partially cemented
Pleistocene alluvium, older conglomerates;pre..cambrian granite, and
Tertiary volcanics. Similar rocks probably underlie the reservoir
area. In view of the results' of pressure testing (at the dam site)
in the same types of rocks, these rocks are considered as essen­
tially impermeable and it is assumed that no major leakage would
occur from this branch of the reservoir area. '

63. Nearly' all the Verde River branch of the reservoir area
is in Pheistocene sediments underlain by granite. From a study by
the United States Geological Survey in 1945 in the Verde Valley
near Fort McDowell, it is evident that ground water has no path of
escape from this part of the valley except downstream in the direc­
tion of the river channel. Under these conditions, no appreciable
seepage would be expected from the Verde River branch of the' reser­
voir area.

64. conelusions •--The results of this preliminary investiga­
tion of the foundation conditions and of the availability of suitable
constrUction materials show that the construction of a rolled­
earthfill dam at McDowell Dam site is feasible.

65. Both the alluvial members and the rock members of the
foundation would be fully competent' to withstand the proposed load.
The alluvial members are granular and settlement withim; them woUid
occur, principally, during construction of the embankment. Some
degree of differential settlement may occur because of occasional
silt layers in the streambed alluvium, but this settlement would not
produce a detrimental effect on the overall stability of the
structure.



..~ ~ ,', '.. '.

.' r

. :~ ,

66. The rock members of the foundation would be made suffi­
ciently impermeable by grouting to keep the rate of percolation at a
desirable minimum.

67. Overburden is not excessively thick, except in .the aban­
doned channel between the toe of the right abutment and the rock
knob, where the depth is about 120 feet. An impervious core trench·
to bedrock under the greater part of the embankment and a smtable
cutoff extending several feet into bedrock under the entire embank­
ment would provide protection against underseepage. Construction
of the core trench is feasible although excavation in the deep
channel on the terrace to the northwest of the red conglomerate
knob would be as much as 120 feet below the ground surface. Dewater­
ing of the excavation would be required for the greater part of the
core-trench construction. The saddle selected for a broad-crested
spillway would be an excellent site for the detached spillway
because the bedrock is granite that outcrops at the surface or close
to it and little grading would be requir;~d.

-/ ". :-,
~ ..

68. Because the faults at the dam site are~b~lieved to be
inactive, they would require no other treatment.than necessary
dental work. , ;.

• •~ I ~ ...

69. An adequate supply of pervious and impervious materials
for the embanlanent would be available within reasonable distances
of the dam site.

70. Recommendations.--To prevent excessive un4erseepage and
detrimental underseepage pre,ssures, an impervi ous ,·core extending
to bedrock should be provided under each pa~ .of ...the embankment
that is founded on alluvium. A grout ,curtain cutoff in the bottom
of the trench should be provided under the entire embankment.

71. An impervious central zone should be provided in the
embankment section to control seepage through~the dam, A horizontal
drainage layer extending from. th~ impemri;ou~",zone to the derrick­
stone backfill at the downstr~arn toe -;should be provided to effect
reduction in detrimental uplift pressures in the vicinity of the
downstream toe. -.. ,.

. . .' .

72. Compaction of the embankment material with sheep's-foot
rollers, rubber-tired rollers, or other compaction equipment to a
density of at least 90 percent of that obtained by the Modified
A.A.S.H.O. Method is required.

73. Prior to preparation of contract plans for the dam,
additional soil and foundation investigations would be required.
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IN ONE SHEET

GILA RIVER AND TRIBUTAAIES. ARIZONA AND NEW MEXICO
INTERIM REPORT ON SURVEY,F"LOOD CONTROL
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FOUNDATION EXPLORATION
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GRANITE WITH INCLUSIONS OF OTHER ROCKS.
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BASES FOR DESIGN

GILA AND SALT RIVERS, GILLESPIE DAM TO McDOtJELL DAM SIT& ARIZONA

SCOPE

1. This appendix covers the engineering aspects of (1) the
levee and channel improvements reconmended for construction along
Gila and Salt Rivers, Gillespie Dam to McDowell Dam sites and (2)
the McDowell multiple-purpose reservoir, which was considered in
detail. The area along Gila and Salt Rivers from Gillespie Dam to
McDowell Dam site and the locations of improvements considered are

'shown on map, plate 1, at the end of the text of report; and
details of improvements considered are shown on plates 1 to 9~ .
inclusive, of this appendix. _ ,- -' ,

LEVEE AND CHANNEL IMPROVEMENTS ALONG GILA AND SALT' RIVERS

2. Location.--The levee and channel improvements reconunended for
construction along Gila and Salt Rivers from Gillespie Dam to McDowell
Dam site consist of the following: (1) A levee system along Salt River
between 40th Street, Ihoenix, and Tempe Butte, Tempe; and (2) channel
improvements along Gila River from Gillespie Dam to the mouth of Salt
River--a distance of 34 miles--and along Salt River from its mouth to
Granite Reef Dam--a distance of 43 miles.

3. Levee system along Salt River between 40th Street, Phoenix,
and Tempe Butte, Tempe.--The levees would consist of (1) a levee along
the left bank of Salt River for about 2,000 feet from Tempe Butte to
the ~thern Pacific railroad bridge embankment and (2) a levee along
the right bank of Salt River for about 16,700 feet from the Southern
Pacific railroad bridge embankment to 40th Street, Phoenix. Construc­
tion of the major part of the right-bank levee would consist of
enlarging the existing canal levee and of placing rock facing. The
right-bank levee would incorporate the existing Joint-Head Dam. '

(~) Structural design. --The earthfill part of the levees would
be alluvium compacted in place. The levee would range in height from
7 to 22 feet above the natural ground and from 23 to 28 feet above
the streambed. The top width of the levee would be -18 feet and the
slopes would be 1 vertical on 2 horizontal. The river side of the
levees would be revetted with rock facing 1.25 feet thick on a gravel
filter blanket 6 inches thick. The levee revetment would extend to
a minimum depth of 5 feet below the existing streambed. Details of
the levee design are shown on plate 6. For information on construc­
tion material see Appendix 2: Geology and Soils.

(£) Hydraulic design. --The levee system would be designed to
accommodate"the standard project flood of 270,000 cubic feet per
second (290,000 at McDowell Dam site) with a minimum fre"eboard
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allowance of 3 feet. Water-surface elevations were computed by using
the reach method. A roughness coefficient of n equals QD35 was used
in Manning I s formula for determiriing. th~ effect of friction. The back­
water effect of bridge piers was computed by using Yarnell's formula
for Class A flow. Allowance was made for the accumulation of debris
on the bridge piers. Velocities~. including those through the United
States Highway Nos. 60, 70, 80, arid' 89 bridge and the Southern Pacific
railroad bridge, would range from 8 to 12 feet per second.

. .

4. Channel improvements along Gila. and Salt Rivers, Gillespie
Dam to Granite Reef Dam.--Channel improvements would consist of a cleared
floodway and of 2 low-flow channels. The floodway, 2,000 feet in Width,
would be created by clearing river-bottom growth along Gila River from
Gillespie Dam to the mouth of Salt River and along Salt River from its
mouth to Granite Reef Dam. The 2 low-flm" or pilot channels would be
within the cleared floodway; the first, along Gila River from Gillespie
Dam to a point about 1 mile downstream' from the mouth of Agua Fria
River; and the second, along Salt River upstream from the highw~

bridge at Tempe. Important features of the proposed improvement are
discussed in the following subparagraphs.

(~) Phreatophyte prOblem.--Phreatophytes, including saltcedars,
grow profusely in and along the streambeds of Gila and Salt Rivers
between Gillespie Dam and Granite Reef Dam. These plants produce
enormous quantities of seed that germinate and grow rapidly when the
water table is not more than 10 feet below the ground surface. Three
general methods of eradicating the phreatophytes have been proposed:
(1) Burning, (2) chemical treatment, and (3) mechanical means. Numer­
ous experiments are now being conducted by Federal, State, and local
interests on these means of eradication, but no final conclusions
have been reached. . Experience with burning imicates that, within
2 years after infested areas within the flood plain had been burned,
many saplings have sprung up from the root crowns of burned trees and
have grown to heights of 5 to 7 feet, depending on the location within
the floodway am on the availability of surface or ground water.
Studies of chemical treatment have considered chemicals like 2,4-D
and 2,4,S-T. Results of current studies by other agencies indicate
that chemical treatment of saltcedars by spraying would be only par­
tially effective and that complete removal would require subsequent
cutting, raking, an~ burning to provide a cleared floodway. In addi­
tion, adequate care must be exercised to prevent spray from drifting
to adjacent crops. Mechanical means of eradicating phreatophytes
would be effective.'

'..<

(~) Initial clearing of river channe1s.--Because information
to date indicates that burning and chemical" treatment would still
require mechanica1.means of clearing the floodway, initial destruction
of growth and clearing of f100dway by mechanical means was assumed for
the purpose of preparing an adequate cost estimate. In orde~, to
destroy the existing growth, it must be removed below, the root crown,
at a depth of 12 to 15 inches.below the ground· surface. ,A considerable
amount of phreatophyte clearing has been accomplished along the Rio



Grande by the Bureau of Reclamation and the International Boundary
and Water Commission. Initial clearj,ng by mechanical means is being
utilized by both agencies. AVailable"'information indicates that, the
equipment utilized by the International Boundary and Water Commission
liould be satisfactory for use along the Gila and Salt Rivers. That
agency has used, two ToWner d,ii;3c,. stubble ploughs in series drawn by
a D-8 Caterpillar. This type 'oi'!equtpment has been used to cut ,down
and deroot saltcedar from 2 to 8 inches in diameter and 10 to l~ feet
tall. During the analysis of densities of growth within'the proposed

'2,000-foot floodway, 3 categories of density were a.ss'umed: 'dense ',':
growth, sparse growth, and very sparse growth. The number of acres
in these categories is estimated at 4,323, 6,743, and 6,119, respec­
tively.

(c) Maintenance of floodway.--The same factors affecting the
selection of the metpod of initial clearing apply to the problem of
maintenance. A cleared floodway, ,qan be sustained by continual destruc­
tion (mechanical or chemical) or'by,cutting of new growth. In addition,
conside'ration was given to maintenance of the floodway,by means of
revegetation by selective planting of grasses and to partial utiliza­
tion of the cleared channel as pasture. Studies are being conducted
by other agencies to determine the Qfficacy of such a method. However,
no conclusions have yet been formulated on the costs or the results
of such a means of maintenance. Maintenance of a 'cleared floodway
is being accomplished along the Rio Grande by the Bureau of Reclamation
and the International Boundary and vlater Commission, The Bureau of
Reclamation is applying chemicals by aerial methods, but supplemental
mechanical work is required to clear dead growth and grub or remove
the top portion of the root system. The International Boundary and

,Water Commission is utilizing an 84-inch brush cutter drawn by a 40
horsepower rubber-tired tractor. For the purpose of preparing an
adequate cost estimate, mechanical means, similar to the method being
used by the International Boundary and Water Commission, was assumed.
The areas now classified as covered with dense growth (4,323 acres)
would be cut twice a year with power equipment. The areas now classi­
fied as oovered with sparse and very sparse growth would be cut once
every year. However, more frequent cutting might be necessary in
areas where growth is now sparse if ground- and surface-water
conditions become more favorab.le for saltc:~4ar growth.

(~) DeSign of low-flow channels .--The low-flow channel along
Gila River would have a bottom width of 50 feet, side slopes of 1
on 1.5, an average depth of about 5 to 6 feet, and a capacity of
approximately 1,000 cubic feet per second. Creation of the low-fl
or pilot channel along Gila River would tend to dire'ct flows to
within the cleared fioodway, and would thereby accomplish desired J
river rectification. The low-flow channel along Salt River would
have a bottom width of 200 feet, side slopes of 1 on 1.5, an average
depth of 6.5 feet, and a capacity of about 6,500 cubic feet per
second. Creation of the low-flow or pilot channel along Salt River
would direct flows to within the cleared flood't;Ja,y and would thereby
improve flow conditions at the approach to ,the, existing highway

'c bridge near Tempe. The plan and; profile ,of the ,1ow-flow chanq,el '
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along Gila River is shown on plates 1 to 3, and the plan and profile
of the low-flow channel along Salt River is shoWn on plate 6.

5.· Utility and road relocations.--Two ramps over the right-bank
levee' alc:>ng Salt River would be provided: one at Delano Avenue and
the other;at 40th Street. Culvert or road crossings would be provided
·to replace all existing crossings along Gila River in the vicinity of
the low-flow channel. No other road relocations and no utility reloca­
tions would be:·required.

McDOWELL RESERVOm

6. Location. --The McDowell Dam site is on Salt River at river
mile 46, just downstream from the mouth of Verde River and about 25
miles northeast of the city of Phoenix. The site is' in a relatively
broad section between rolling hills on the left bank and a high moun­
tain on the right. The streambed at the site is about'l,500 feet wide.

7. Area and capacity.--'fhe latest available topographic maps of
the United States Geological Survey were utilized in the preparation
of data for plotting the area-capacity curves. The reservoir areas
were determined by planimeter, and the reservoir capacities were com­
puted by cumulative addition of increments of volume between adjacent
contours. The estimates of volume between adjacent 'contours were based
on, the arithmetic average of the areas inclosed by the contours. The
area-capacity curves are shown on plate 10.

8. Sediment.--The problem of sediment 'at the' NcDowell Reservoir
site would not be serious. Reservoirs to store sediment from the up­
stream part of the drainage area are on both Salt and Verde Rivers
upstream from the r1cDowell site~ Comparis on of sedimentation studies

,for similar reservoir areas in southwestern United States indicates
that an allocation of 25,000 acre-feet for sedimentation during a
50-year period would be adequate.

9. Dam~ --An analysis of topographic', geologic, and hydrologic
data for the dam site indicates that an earthfill dam with an ungated
detached spillway would be the most economical. The dam would be 169
feet high above streambed. The top.of the dam (elevation 1,494) would
be· 5,180 feet long and 30 feet wide. The' earth embankment would have
an upstream slope of 1 on 3 and a downstream slope of 1 on 2.5. A
10-foot berm would be provided on tEe downstream slope at elevation
1,400.

. 10. The upstream slope would be protected by a 2-foot blanket
of quarrystone , .obtained from nearby soUrces and placed on a l2-inch
layer of graded local gravel. The downstream slope' between top of dam
and elevation 1,350 (5 feet above maximum tai1water elevation) would be
protected by a l2-inch blanket of graded local gravel. A layer of stone
from nearby sources, varying in thickness from 4 feet at. the top to 6
feet at the toe, would be placed on the downstream face from elevation
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1,350 to a depth of at least 15 feet below streambed for protection
against tailwater. This layer of stone would be underlain by a
2-foot layer of spalls.

11. The material for the rolled earthfill would be placed by
wetting and compaction as follows: (1) Random pervious in zone II,
adjacent to the upstream and downstream faces, (2) impervious in
zone I, central part of the dam and ~dntinuing down to bedrock in
the streambed part of the dam, and (3) select pervious under the
downstream side of zone II. Protection against underseepage would
be obtained by an impervious core trench extending to bedrock and a
grout curtain extending into bedrock. The core trench would be
excavated to an average depth of 10 feet to bedrock along the terrace
slope of the left abutment, to an average depth' of 25 feet for the
reach within the flood-plain area to the east of the tuff outcrop,
to an average depth of 40 feet in the flood-plain area between the
tuff outcrop and the red conglomerate knob, and to a maximum depth
of 120 feet in the reach immediately west of the red conglomerate-­
where an old stream channel exists. A grout cap would be provided
at the bottom of the core trench. Plan, profile, am sections for
the dam are shown on plates 8 and 9, am details of geology ,and soils
at the site are given in Appendix 2: Geology and Soils. , "',

12. Outlet works. --The outlet works consist principally of 4
rectangular-conduits, a water-supply outlet, a power penstock, a
control tower; an access bridge to tower, and a stilling basin. The
4 outlets, which would be 22- by 19-foot reinforced concrete conduits,
would. be founded on bedrock in an open cut through an exis ting rock
knoll adjacent to the right bank of the river and would terminate in
a stilling 'basin at the downstream end. A channel about 1,200 feet
long would be constructed between the downstream em of the stilling
basin and the existing channel of Salt River downstream from the dam
site. The 4 conduits would be used for diversion during construction.
Later, the intake for the conduits would be controlled by mechanically
opf)rated 22- by 19-foot service gates (radial type). Emergency closure
of'the conduits would be provided by stop logs upstream from the ser­
vice gates.

13. The power penstock and the intake for the water-supply
system would be on the right side of the control tower and" adj acent
to it. Three selective takeoffs on water supply'would be provided',
each of which would be controlled by a hydraulically operated valve.
Takeoffs at different elevations would be required for selection of
the best quality of water for domestic use. The takeoffs ,would be
placed at l5-foot intervals--the lowest intake about 40 feet above
streambed (elevation 1,36$) and the highest intake (elevation 1,395)
about 10 feet below the maximum water-surface elevation of the ter­
minal storage pool. Access to the control tower would be by bridge;
and access to the servi oe gates, the hoists, and the valve chamber
for domestic supply would be by ladders wi thin the tower. A trash­
rack structure would be provided at the intake for the power penstock
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and the water supply. Stoplogs can ,be provided for the power penstock
intake. Details of the outlet works are shown on plates 8 and 9, and
an outlet-discharge curve is shown on plate 11.

14. Spillway;.--Estimates of the maximum probable flood were used
in the design of the spillway. Topographic and geologic conditions at
the site indicate that the most feasible location for the spillway would
be in the saddle 1 mile southeast of the left abutment of the dam. A
detached spillway in this saddle area was considered most feasible because
(~) use would be made of a nat:u.I:~l site for an inexpensive structure and
(b) a detached spillway Cit' this site would eliminate excessively high
tailwater on the main embankment.

15. The spillway channel would be approximately 8,000 feet long;
the approach channel, 3,600 feet; the crest section, 20 feet; and the
downstream channel 4,400 feet. The spillway structure, 't-7hich would be
founded on rock, would be a broad-crested weir 1,100 feet in length and
have an upstream and downstream concrete cutoff wall extending to a
depth of 10 feet and 15 feet, respectively, into bedrock. The crest
would be reinforced concrete slab, amply anchored into the cutoff walls.
The approach channel at the entrance will be approximately 1,8Q9 feet
in width with a transition to 1,100 feet at the weir. The pownstream
channel would have a minimum width of 1,100 feet; and at a'distance of
300 feet below the spil~way crest the major portion of the channel
will be daylighted and flow will follow a broad natural drain of uni­
form slope to the Salt River approximately one-half mile below the
proposed dam. Details of the spillway are shown on plates 8 and 9,
and a spillway-discharge curve is shovm on plate ll.

16. Reservoir operation.--Storage in McDowell Reservoir would
be allocated as follows: 46,000 acre-feet for sediment and dead stor­
age, 142,000 acre-feet for terminal storage, and 672,000 acre-feet for
flood control.

17. The standard project flood was selected for use in the design
of the flood-control features of McDowell Reservoir. Along Salt River
dowri~tream from the McDowell Dam site, a discharge of 100,QOO cubic
feet per second will cause a small amount of damage and a flow of
82,000 cubi c feet per second wi11 cause only minor damages. Under
the operation of the reservoir, the standard project flood (290,000
cubic feet per second) would be reduced to a peak outflow of 82,000
cubic feet per second as indicated on plate 12, and the maximum
probable flood (600,000 cubic feet per second) lllTould be reduced to
a peak outflow of 288,000 cubic feet per second as indicated on plate
13. The assumption was made that the reservoir would be full to maxi­
mum terminal-pool level (elevation 1,405) at the start of the reservoir
design flood or spillway design flood.

18. The following operation procedure was assumed--

(~) Below elevation 1,405, inflo r would be stored.



(b) At elevation 1,405, outflow would equal inflow until a
discharge of 82,000 cubic feet per second is reached. '"

"

(~) Between elevation 1,405 and elevation 1,470 (spillway
crest), the conduit gates would be operated to maintain a constant
outflow of 82,000 cubic feet per second.

(£) Above elevation 1,470, uncontrolled flow would pass over
the spillway and a constant flow of 82,000 cubic feet per second
would pass tro:-ough the conduit system.

19~ Freeboar2,. --In the design of an earth dam or earth dike,
the elevation of the top of the dam or dike is determined by adding
to the elevat.ion of the spillway~design surcharge an allowance for
wave height and rideup and for wind setup. The Stevenson fonnula
as modified by Molitor ~as used in determining the freeboard. The
elevation 'of the' to~of the dam was set at 1,494.

20. Control' of' stream during construction of dam.-~During the
first phases of the dam construction, stream diversion for protec­
tion of the work area from 'flooding would not be required, The
first phases of construction would probably consist of excavating
and constructing the outlet works, clearing and grubbing the site
of the dam base within the streambed, excavating at the site of the
spillway, and completion of concrete work for the spillway. Upon
near completion of the outlet works, an earth cofferdam at the
upstream limits of the work area would divert low surface flows into
the outlet works. If se~eral wet seasons precede construction of
McDowell Dam, and all upstream resprvoir storage has been occupied,
a portion of the streambed should be left for additional facilities
for diversion during the period of construction. An extensive well­
point system in the streambed work area would be used to divert
subsurface flow and seepage into pipes and open flumes.

21. Utility and road relocations.--Because most of the McDowell
Reservoir site is in a relatively undeveloped area, only minor utility
relocations ~ould be required, with the exception of the abandonment
of the infiltration galleries and wells for the city of Phoenix water
supply on the Verde River. The power line and highway in the vicinity
of the spillway will have to be relocated. The now existing road to
the dam site and the city of Phoenix water-filtration plant will,have
to be relocated to give access to 'the dam and water plant during
periods of extreme flood stages. Protection of the Stewart Mountain

, ' power plant, which would be inundated at high reservoir stages, is
, not provided for in the design. The p01-1er plant would probably be

abandoned when McDowell Reservoir is constructed. .
',. -:

22. 'Summary of -,:ertinent data on McDowell Reservoir'~~':'A summary
of per~inent data on the McDowell multiple-purpose reservoir is given
in the following table:
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Summary of pertinent data, McDoWell Reservoir

Drainage area ••••• _••.•••••••••••••••••••••••• : Square miles••:

Item

GENERAL

STRUCTURAL

' .. Unit

.. '

Quantity

12,900

Dam (earthfill):
Height above foundation •.•••.••.•••••••••••• : Feet••••.,•••• :
Height above streambed ••.. t •••••••••• '•••••••• : ••• do ••.••.••• :
Streambed elevation••••••. ;'•.••••••••••••.•. : Feet, m.s .l..:
Top elevation., •.•.••..•.•..•...•.•.••.••••• : ••• do •.•••.••• :'
Length at c~est : Feet•••••••.• :
Freeboard••• ; ••• , .•.••..•.••..•••.•••..••• fJ':" .do :

Spillway (broad-crested weir, left of dam):
Crest length (net) : ••• do •••••.••• :
Crest elevation t •••••• : Feet, m.s .1 •• :
Height,"of gesign surcharge above crest •••••• : Feet••.•••.•• :

Outlet wdrks (flood control):
Invert"elevation at entrance : Feet, m.s.l. ',:
Se;r:vice'gate(radial, 22' x 19') : Each •••••.••• :

,Emergepcy gate, (stoplo,gs) •••••..•••••.•••••• : •••do ••••••••• :
Conduit (rectangular concrete, 22' x 19') ••• : •.• do •••.•.••• :
Length: .of Conduit •••..•.•.......•...•....... : Feet. It •• It •••• :

Outlet elevation at stilling basin :F'eet, m.s.l..:
Stilling basin:

Length ••••••••••••••••••••• It ••••••• It ••••• ',: Feet :
Width••••••••••••••••.•••••••••••••••••••• ':. ~·.do••••• " ••• :
Elevation••.•••...•...' ..•.....••..•....••• : Feet, ro.S .1•• :
Sill elevation••.•.••.•••••.•.••••••••••• ·.: ••• do ••••••••• :

Outlet works (water supply):
Conduit size•••.••. "..•.•.• It It •• It • It ••••• It •••• : Inches ••••••• :
Intakes:

NUInber •••••••••••••• , ••••••••••••••••••••• : Each••••••••• :
Size••••••••.•..••.• It •••••••••• f •••••••••• : Inches ••••••• :

Invert elevation at entrance•••••••••.•••••• : Feet, m.s.l •• :

Outlet works (power):
Conduit size •••••.. It It' It It ••••••••• It ••• It •••••• : Feet•••••.• It • :

Invert elevation at entrance•••••••••••••••• : Feet, m.s.l •• :
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234
169

1,325
,1,494
5,180

8.0

1,100
1,470

16

1,325
4

14
4

600
1,324.4

365
179

1,286
1,295

48

3
48

(1,365
(1,380
(1,395

10
1,365



Length (spillway-crest elevation) •••••••••••••••• : Miles •••••••• :,=========l=O
Storage allocation:

Terminal storage•••••••••••.••••••••.•.••..•••• : Acre-feet•••• : 142,000
Flood contro1 : do .•......• : 672, 000
Sediment and dead storage•••••••••.••• , ••.••••• : ••• do ••••••••• : 4~6_',_0_0__0

Total. . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : ft •• do. . . . . . ... :===8:6::0=,=0::0::::0

RESERVOIR
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1,470
15,200

1,405
5,800

188,000

600,000
2,240,000

288,000

290,000
1,520,000

82,000

Quantity

1,486
18,000

1,130,000

UnitItem

HYDRAULIC

Summary of pertinent data, McDowell Reservoir--Continued

Maximum probable flood:
Feak inflow............................... . .... : C. f . s . . . . .... :
Volume (10 days) ••••.•••••.••••••••••••.••••••• : Acre-feet •••• :
Peak outflow : C. f . s •......• :

Terminal storage pool:
Elevation It ••••••••••••••• , ••••••• 4' .: Feet, m. s .1.. :
Area...•.................................. , .... : Acres •..... , , :
Capacity (including sedimentation storage) ••••• : Acre-feet• ••• :

Maximum water surface:

Standard project flood (reservoir design flood):
Peak inflOV1 ,: C•f. s•••••••• :
Volume (10 days) •••••••.•••••••••••.••••.••.••• : Acre-feet •••• :
Peak outflow•.................................. : C•f . s •..•..•. :

Elevation.....................................• : Feet, m.s.l •. :
Area •.........•................................ : Acres :
Capacity , ...........•..... .. : Acre-feet ,:

Spillway: :
Elevation : Feet, m. s .1•. :
Area , , ...................... • : Acres :
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RESERVOIR WOULD BE ASSUMED FULL TO MAXIMUM TERMINAL STORAGE LEVEL
ELEVATION 1405, AT START OF FLOOD. OUTFLOW WOUl.D EQUAL INFLOW UNTIL
OUTFLOW EQUALLED 82,000 C. F. S. THEN THE GATES WOULD BE SET TO MAINTAIN

82,000 C. F. S. OUTFLOW. WHEN RESERVOIR WATER SURFACE REACHED ELEVATION
1470 THE OUTFLOW WOULD BE 82,000 C.F.S. THROUGH THE OUTLETS AND
UNCONTROLLED OVER SPILLWAY.

CORPS OF ENGINEERS

nLE NO. 4101'65.

OFFICE OF THE DISTRICT ENGINEER
LOS ANGELES, CALIFORNIA

TO ACCOMPANY REPORT DATED' OEC.AlllS

U. S. ARMY

GILA RIVER 8 TRIB.,ARIZ.80 NEW NEX.,INTERIM REPORT
ON SURVEY, FLOOD CONTROL,elLA It SALT RIVERS

GILLESPIE DAM TO MCDOWELL DAM SITE, ARIZONA
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NOTE:
FOR RESERVOIR OPERATION

SEE PLATE II.
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fiLE: NO. 410/68
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SEE PLATE II.
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UNITED STATES ARlI~ CORPS OF ENGINEERS

LOS ANGELES DISTRICT

COST ESTIMATES

GILA AND SALT RIVERS, GILLESPIE DAN TO McDOWELL DAM SITE, ARIZONA

To accompany interim report on survey for flood control, Gila and
Salt Rivers, Gillespie Dam to McDowell Dam site, Arizona, dated
December 4, 1957.
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GILA AND SALT RIVERS, GILLESPIE DAM TO McDOWELL DAM SITE, ARIZONA
- ,

3. Applying analysis of past estimates by other aRencies.--Con­
struction bids for' many construction jobs by other agencies were
analyzed from information obtained from engineering periodicals. Actual
cost experiences'along the Rio Grande by the Bureau of Recl~tion and
the International Boundary and Water Commission were analyzed 'and con­
sidered in determining the cost estimates given in this appendix•

2. Applying analysis of past estimates by Corps of Engineers.-­
Estimates of costs for levees and dams constructed by the United States
A:t:my, Corps of' Engineers, Los Angeles District, were analyzed; and
weighted averages of bid prices for individual items of construction
on earthfill dams and levees in the Los Angeles area were prepared•
These weighted averages, which'reflect bids from several bidders, were
adjusted to prevailing prices in computing the cost of improvements
in the Phoenix~ Ar~Z., area. ~ "

R. 7/17/58

ESTIMATES

4-1

COS T

1. General.--Estimated construction and ~intenance and opera­
tion costs of improvements considered in detail for Gila and Salt Rivers,
Gillespie Dam to McDowell Dam site, Arizona, are based on prices pre­
vailing in October 1957. The est~tes of first cost reflect th~ cost
of levees, channel improvements" and McDowell Dam and appurtenant works
and the cost of rights-of-way and of road and utility relocations.
Detailed cost estimates are given in this appendix for the levees and
channel improvements ,under the recommended plan and for the McDowell
multiple-purpose reservoir considered in detail by the United States
Army Corps of Engineers. All estimates include allowances for contin­
gencies, engineering and design, and supervision and administration.
The total first costs for the considered projects comprise (a) costs
for preauthorization studies, (b) construction costs, and (c) costs
for lands and damages and relocations. Construction costs include all
engineering and design and sup~rvision 'and administration costs neces­
sary for the,completion:of the project and accrued SUbsequent to the'
authorization. -

..
4. Other cost factors considered.--Field conditions, geographical

location of the project, and cost and availability of local labor and
materials were considered in determining the, cost estimates. -Available
existing transportation facilities were considered important'in deter­
mining'cost estimates because existing'access roads to the dam site ,are
unsurfaced for several miles and nearest access to railhead is at Tempe
and Mesa. Minimum costs for derrickstone and'quarrystQne facing at
McDowell Dam were estimated because quarrying operations would 'be
within a short-haul distance from the dam site. Quarrystone facing
for levees would be obtained from Tempe Butte. A shrinkage factor of
20 percent was used to account for loss, compaction, and shrinkage 'of
excavated materials used for embankments. Local aggregate would be
used for blanketing of slopes, and local aggregates with addition of
pozzuolanic cement would be use~ for the dam structures. The unit
price used for determining the cost of excavating the low-flow channel
along Gila River was based on casting and distributing waste on each
side of the low-flow channel.

•

•
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5~' Comparative studies fo~ McDowell Reservoir.--The Bureau of
Reclamation has proposed in its report on the Central Arizona Project
that 390,000 acre-feet of flood-control storage be added in addition
~o~t~~ 1~8,OOO ac~e-feet required for terminal and dead storage at
th~ ~cDowell Reservoi~ sit~. The total storage capacity considered
.?y the Bureau would be 578,000 acre-feet. Review of the Bureau design

., .indicated that changes would have to be made to pilSS the spiilway .

.J.'dt;lsign flood. A higher dam and C;ln expensive spillway in the chann'el
section. of the dam would be required. Further investigation indi­
.c~t~d that, by further increasing the height of the dam, use could be
made of a saddle about 1 mile .. southeast· of the left abutment. A
detached spillway in this saddle area would result in a relatively
fnexpensive structure. Cost studies also showed that the cheapest

,. type structure for a terminal reservoir (188,000-acre-foot capacity)
~ould be an earth dam with a gated concrete spillway in the dam. "
The following table summarizes the Coi.ps of Engineers' estimates of'
cost for the three sizes of reservoir considered at the McDowell site.

Estimates of cost of reservoirs of various sizes at the McDowell site
(~stimates prepared by Corps of Engineers based on October 1957 prices)

., :,· ,

Cost

i.

'30,300,000

$24,600,000

;'31 ,000, 000
Earth dam with detached

spillway, ungated••......• :

•".

169

Feet _ : '.
-·-123 : ::'Con.crete .spillway in earth

.,.,'.....' ':,' ,tdam~ .. 6 -;..$t0··x .2,2.1' .
.• '. • .• I '" ,-. ." , .' ~ t l _' .

gates , :
131 : Concrete spillway i~ earth :

dam •. 9 -' 31 1 X 50'
gates. AuxiliafY spill­
way (fuse. plu'g) in left
abutment ..... '~ ............• :

·Height of·.' ,; :
'dam r -<,:,.
: . ~' ." ~ ; ;: , :' ,

: .

578,000

~.: I.:.i. ,860, 000

Acre-feet
\,. ,:,: .. ".188,000

. E: ~ .~"', '

6;; .Construction periods.--The construction periods for the improve­
ments· considered are as .follows: Short levees, .less than 1 year; .
'channel improvements, 2 years; and McDowell Reservoir, 3 years •.

;.'

·~7.j Maintenance and operation. -'-Average annual maintenance and
oper'atioIicharges for foIlc-Dowell",Reservoir are estimated at $41,000 •.
In"eiltf:Lmating the maintetlm ce and operation charges, consid~rc;l.tion

was.<·:given t'e: (a) total·,e"stimated construct..i-?n cost of tl1e 'dam' and
appurtenances, (b) COPl:S~Tl1ct·ion C6st.,:~>t\: o{l~~t.t'i gates, :JB:f,y£,s, -and
piping:' and 'mechanical;- and electricalJ.equipin~.nt'; and (J) fixed sum for
operat'ing'labor and· supplie.s.;;·;·· .

: ..·'/1 t:5 ,:.
: .~.;I:

.::~ rf',..\ ':

...~ ".~ I

. ._1\'"
',.
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\ '

., '
'. -. r . "'"•

.' ~ • ~J ".

~~' &. Averag~:annu~~ ~intenanc~ charges for the recammenQ~d i
2,.oOO-foot-wide 1pleetred floo.{1wi'lY, from Gillespie Dam to Grani:t~ Ree£-- '- '.
D~ are estimatqli at ~~48,ooo:. For, purpopes Of obtaining the: ~O$;t' ' -
estimate, the floodwayareas ·""\oW'.infe,sted with dense growths of
saltcedar were assumed to be cut .,twice annually en d the remain"ing ,
areas were assumed to ge, cut .. qf1ce~ a year. Unti;J...a more econonfic'al
method for control of new grp~h; ..~':j..ther by' cheini9al means or' by " '
reseeding with grass i~ proverl;': mecha,nical ..means"appears to be the
most desirable and def~n~te ~J,thod for controlling the prolific ,
growth of the young ?eedlings~

9} Average annual ~intena~ceoand oper~tion charges o~ the
short levees were estimated at:$~,OOO. ' , , ..

., ;

~ .
,.

~ :;; -
• ~'. i
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Short levees along Sa~t River between Oth Street Phoenix
based on rices for October 1957

Cost :
acct.:
No.

Description Unit Quantity Unit pri~e

Tern e

,
Amount

Subtotal Total

FEDERAL COSTS
".' :

$7,50Q ': .
14,000 : .
20, 500' : .•... 0"0 ••••

121, 800 :. ~ .
163,400 : .
83,500 ,_ .

'31,800 : .
'36,600 : .
'64,90Q : ••••.•..•..•

Road ra.m.ps 0 ••••••••••••••••••• : Lump S1.lIIl•• : ••••••••••• : •••••••••• ~'•• : 22.,000 : •••..••....
Contingencies : : : : 174,000 : .

Total, levees : : : : : $1,040,000

Backfill, toe : do :
Quarrystone facing 0 •••••••••••• : ••• do :
Grave1 bla.:n.ket 0 •••••••• 0 ••••• : ••••••••••• :

Levees:
Clearing and grubbing.•............• : Lump sum•• : •••......•• : :
Stripping for levee •••••••••...••••• : Cu. yd•••• : 46,700 $0.30
Stripping for borrow•••••••••••••••• : ••• do •••••• : 68,200 .30
Excavation, toe ••••.••••.•...••..••• : ••. do •••.•• : 304,500 .40
Excavation, borrow•.•••••••••.••.••• : ••• do •••••• : 408,600 .40
Embankment,levee ••.••••....•.••••.• : •.• do •••••• : 417,400 .20

212,200 .15
56,100 6.00
23,600 2.75

11.

29.
30.
31.

heauthorization studies : : : : : 10,000
lligineering and desig:n. : 110 ••••• : • 0 •••••• 0 •• : •••••••••••• : •••••••••••• : 59,000
Supervision alld administration : u •• : ••••••••••• : •••••••••••• : •••••••••••• : ...;6:,.1;:..z,..:0;.;0;;.0;;.

Total project cost to United
States.

-1,170,000

lfON-FEDERAL COSTS

La.tlds aIld damages .•..•.....•••..•.•••• : ..••.•. 110 • 110 • : ••••••••••• : •••••• 0 ••••• : •••• 110 •••• ~ 0:. : 7l..0;;...<.,..:0..;0'-0;,.

Total project cost•.............. : ..........• : : ...........• : :

::0. Total project cost to local
interests. .... :::'==7:=0=,0:::::0::::0

1,240,000



780,000

$925,000'

:

:

:

·........................

·........................
·........................

··

·.....•.....•

_. _.

Amount

648,900 : •• ~ •••••••••
w -131,100 : •••••••••••• -

Subtotal Total

:
Unit price

..

.- ..

.. :

Quantity

... -.-.. -...

Unit

.
'-' "~'-"--'"

alopg .: ;, .-•••••••••.-: .•• '" •• e·-••••• : •••••••••••• : •••••••••••• :

Description

FEDERAL COSTS

Total, low-flow·~hannel

.. ".Gila !tiYt?r.,,_:-' " .

Channel im rovements alon Gila and Salt Rivers from Gillespie Dam to Granite Reef Dam
based on prices for October 19 7

Low-flow channel along Salt River
: near Tempe:

Excavation••••••.••••••.•••.•.•••• : Cu. yd•.••• :. 510,000. .35 178,500
Contingencies : : : : 3:;...6,J;J.:;5_oo__ - ..

Total, low-flow channel .215,000
~ong .Sal:t River.

: Channels:
Clearing 2,000-foot-wide floodway

along Gila and Salt Rivers from
Gillespie Dam to Granlte Reef Dam::

Dense growth•.••.•••.••••.••..•• ;_ .t\~re.!. •• '.•,: _...... 4,3?~ $87.00 $376,100
Sparse growth••.•• ~ •••••••••••.• : ....do•••••• :'. 6,743 40.00 269,700
Very sparse growth•••••••••••••• : ••• do•••••• :, 6,119 20.00 122,400
Contingencies -e _ "' ••. : : .. ~ : : : : 1569 800: '-. ..

, . .. ,-' - ,. . -' . -----""--
Total, clearing : .. ~ : : : :

, .
: Low-flow channel along Gila River,

Gillespie Dam to point near the
Buckeye irrigation heading: :

Exca~ation~ common•••••••••••••••• : Cu. yd•••• : 2,163,000 .30.
... : Contl.ngenc~es·.-.-••• ' '•• '••• : ••.•.•••.•••• :'. '•••• ~•••••• : •••••••••.•. : -

"'"- _...

Cost :
acct.:
No. :

09.



Channel impT0vements along Gila and Salt Rivers from Gillespie Dam to Granite Reef Dam'
.:. .. (based .on pr.:ice$' ·for October .1·9-5}·2--continued

.J.

Cost: :
acct~:

No •
Descriptio~;;.; 3 ;. Unit : Quantity Unit price

. .
.. Amount

Subtotal Total

. Total project. cost to
States.

...
29.
30.
31.

. .
Preauthorization studies. 0 000 ••••• 0 ••• : •••••••••• ~: ••••••••••:.: •••••••••••• : •• 0 •••• 0 •• 0.: $50,000
lligineering .an.d desi@l.! 0 ~ ••• e ••••••• 0.: •••••••••• to:: ••••••••••• : •••••••••••• : ••• Cl •••• 0 ••• : 107,000
Supervision a.rld administrati.on•.....•• : .•.....••• 0;: ••••••• 0 0 ••. : • 0 0 •••• 0 •• " • : ••• 0 •••••••• = -=1;.:=1;..:3:...l,1..,;0::.;0::.;0:;.

· .... " .
United : ", .. •~: •• 0, ' ••••• : •• 0 ••••••••• : ••••••. :~:~.;~ '•.• :' 2, i90;OOO·.- .".-: '. ::-"..... ". '..' . .====:::=.:;:.:;.==· , . ..

i20,000

·· .
·· .
·.~ ~ .

o • • .. 0
••• o o ••••••••••••• ~ .

.=:::::::=::::::::::::::::=:::::::::::.

·. .NON-FEDERAL COSTS

Total ~roject cost to local
interests.

· .
Lands and damages •• 0 •••••••••••••••••• : ••••••• ~ • ~ ~ : t • ! ••••••. ' • ! •........... : •..• ~ !:' ~ •••. 'r' ~

Relocation$:' .. : ':. . . :
Roads: .. . . ....

CuIvert an.d· road crossings :.:••. :" ••• , ~ : •••• '.•••••• : •••••• ~ ~ ; •••••' •.! ••••• : ·;.:=2;.;:0:...l~;-;·0;.;0;.;0::;.

.)~9J..o.92

. :#

Total project cost so ••••• : 0 •••• 0 •• : It ••• : •• 0 : •••••••••••• : 2,330,000

. ,

:.' ....... : ft: .-,- .......'
:.' J _ •



Subtotal. Total

McDowell Reservoir, multiple-purpose (based on prices for October 1957)

....

3BD.,000-

$300.,000

. _ .

·oIt •••• ~•••• ~••••

Amount

320,000
60,000

·.. ..

...
·...

..: :

100,000 : •••••••••
150,000 .••••••••••••••

••••:~ 50 2 0000 ~ ...... 0••••
3ua~: .

$20.00

.. ..

$300,000
.. .. .. .. .. .. .. • .. .. .. :__2__,:..6_4.,;.0_, 00__0_: e ..

2.,940,000.

Unit price

··.....

·............................

~6,000

85 100.00.. 8,500 ·... .... .... .... ...
173,000 .40 69,200 ··..... -- .........

76,000 .40 · 30,400 : ... ,; ..............-.'

9,400 6.00 56,400 ··. .............
557,000 1.00 557,000 ·. ..........

101300,000 •50 5,400,000 ··., ........
2,046,000 •16 327;400 · .....·.......
7,540,000 .11 829,400 ·.. ..... .........

37,000 .14 5,200 ··............
10,300 20.00 206,000 ·.........

142,000 2.75 390,500 ·..........

·..............................................

Quantity

··

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

sum•• :.

:
· ... ..

Unit

Lump

Acre ••••

: do : : ..

··..

...

area ..

I •••••••••••••••••• : •••do •••••• :

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

II••••••••.•••••.•• : ••.do.: ..•• :

rock trench••••••••••••• : •••do •••••• :
cutoff•••••••••••••••••• : ••• do•••••• :
borrow•••••••••••••••••• : •••do.•••••• :
zone
zone

Description

toe ••••••••••••••••.•••••• : •••do•••••• :

Total, reservoir••••••

Main dam:
Clearing and grubbing••••••••••••.••. Acre •••••• :
Stripping••••••••••••••••••••••••••• : Cu. yd•••• :
Excavation, common••••••••••••••.•••• : •••do ••• ~ •• :
Excavation,
Excavation,
Excavation,
Embanlanent,
Embankment,
Backfill,
Concrete grout cap•••••••••••••••••• : •••do •••••• :
Graded gravel blanket••••••.••.••.••.••• do .•••••.

··

Dam:
General:

Diversion and care of water •••
Construction facilities
Contmgencies 0: : : : ..

Subtotal, general••••••••••••• : •••••••••••.•••

Relocations:
Roads and utilities ••••••••••••••••••••.••
Water-supply replacement•••••••••••• : ••••••••••• : ••••••

Total relocations •..••.••••.••.•,

Lands and damages ••

Contingencies : : ..

:

··

:

: Reservoir:
Clearing reservoir

..

Cost:
acct.:
No. :

03.

02.
•1
•3

01.

+:-
I

--J

04.

:
:

··.1 :



McDowell Reservoir, multiple-purpose (based on prices for October 1957)--Continued

Cost
acct.:

No.
Description Unit Quantity Unit pr~ce

Amount

Subtotal Total

·: •••do•••••• : •••••••

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

.. ..

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

, .
·..........................

·..........................

$567,.000
186,000
12,000
50,000

'180,000
--=--=-1...., 7r.7:r.5~,,-:::0~0...,,0_ • • t ••••"... ,. _ '••

10,650,000

$3~50
6.00
1.00

162,000
31,000
12,ono

yd. ....... :

Lump sum•• :.

Cu.
: do :

Drainage relief.•.••.•.••••..•
Grouting foundation •••••.••••.•
Contingencies ..

Subtotal, main dam.••••••••

Main Qam-~Continued:

Quarrys tone, facing ••••••.•..
Derrickstone toe protection.
Spalls ••••••• ! ~ : do :

.. .

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

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

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

..........................
· .

.25
3.00
3.50

100.00
.38

5.00
35.00

.14

10,000
516,800
22,000

161,000
64,400
5,ono
1,200
2,550
3,000

.. .. .. .. .. .. .. .. .. ..,1::,6r:1~,:...0=,,5""0~_ ... e..... .. .. e'. ~

.. ~ -====9=4=7i:::!'=0=0=0==- ._ '

100
1,360,000

4,400
4,600

460,000

yd•••• :

Acre ..
Cu. yd. :

Cu.
Ltnnp St1ITl : : ..

4,700
850
850

·....

••••••.••.•.• : ••• do••..•• :

Embankment for dike ••••••••••••••
Gravel blarlket : do •••.•• :
Quarrystone facing •••••••••.••.••••• : ••• do •.•.•• :
Contingencies .••..•••.••••••..•••..• : .•.•.••.••• : •••

Subtotal, spillway••••••••••.• : ••••••.•..•••••••••

Spillway:
Clearing and grubbing .••••••.•.•••••.
Excavation, channel•••••••••••••.•.•.
Excavation, trench••.•
Concrete, slab and cutoff••••••••••• : ••• do •••••. :
Reinforcement, steel•••••••••.•••••• : Lb••••..•• :
Filters and drains •••••••••••••••••• :

.1

•3 Outlet structure:
Excavation, rock••••••••••••••••..•• : Cu. yd•••• :
Excavation, common ;: •••do.... .

slab : do :

Back.fill : ••• do.

walls : do ••.••• :

328,000 3.00 984,000 ·.. .............
105,000 .so 52,500 ··....... .. .. ... .. .

57,000 .75 42,750 ·......... ........
62,500 45.00 2,812,500 ·....... .. .........
3,100 40.00 124,010 · - -·......... ... .. . .. .. ..
6,900 20.00 138,000 ..

It ......... .. ... . .. ..
60,700 20.00 1, :2-:14, 000 ·.. .. ..........

··

...

... do ...··.

conduit : •.• do.

mass •••••

Concrete,
Concrete,
Concrete,
Concrete,



McDowell Reservoir, multiple-purpose (based on prices for October 1957)--Continued

:23,587,000

Amount

Subtotal Total

$1,654,900 ··..
100,000 ··..

90,000 ··...
516,000 ··....
75,000 ··..
25,000 ··.
85,000 ··.
30,000 ··..

1,212,000 ··..
87,000 ··..

1,857,350 ·.. ......
11,100.000 · ......·..

590,000 · ·.......·..;

·o ••••••• 0 ••••

...
6.00

129,000.00

Unit price

$0.13

: .

··....··. ...

··..

·· .

··..
··..
··..

Quantity

··.·
·....

Unit

Lb.••••••• :12,730,000
Lump sum••

· · • • • • • 0 • 50,000 · ·.. ......·.. ·.. · ·. ·..
· ....... · ·.... . · ·..... 10,000 ·.. ·.......·.. ·.. ·..
· o ••••••• · ·..... · ·..... 60,000·. ·.. ·..

· . .• ••••••••••••••••••••••••• 0 ••••••••••

: .. . do.

· .• •• 0 •••••••••••••••

· .................

Each. 4
Lump sum•• ··.

: •• • do .•...• ·.....
: .. •do ... ··.
: .. •do. ··.
: .. . do. ··..... Cu. yd••.• 14,500

· · · · ........ 40,000·.. o ••• ·.. ·.
·. ...... · ....· ·...... ·.. ...... 943,000.. ·.... ·..
· ........· · ·..... ....· ...... .... 2,050,000....·. ·.. ·.. ·.
· ......· .......· ·......... · ••••• 0 ••••• :30,300,000·..... ·.... ·.. ·.

dam.••••.•..••.•••.....• : •.•......•• : ...•••..•.• : ••...••..•.•Total,

Description

Access bridge •••••••••••••••
Mechanical and electrical.
Gates ••.•.

Grouting•••.••...•••.
Tower and control house.
Derrickstone protection•••••••.
Contingencies .........•....•...

Subtotal,outlet structure ••••

Stop logs.
Miscellaneous steel.
Filters and drains •.

Total first cost of
McDowell Reservoir.

Preauthorization studies •••••••••.
Engineering and design•.••.••••••,.
Supervision and administration••••

Roads:
Construction and access roads ••.
Contingencies ••......•.•..•..••.

Total, roads •••••••••••••.

Power penstock and water-supply
intake.

Outlet structure--Continued:
Reinforcement steel •••..••.

.3

.4

Cost
acct.
No.

29.
30.
31.

08.
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UNITED STATES ARMY CORPS OF ENGINEERS

LOS ANGELES DISTRICT

BENEFITS FROM IMPROVEl\1ENTS

GILA AND SALT RIVERS, GILLESPIE DAM TO McDOWELL DAM sr: TE, ARIZONA

To accompany interL~ report on survey for flood control, Gila and
Salt Rivers, Gillespie Dam to McDowell Dam site, Arizona, dated
December 4, 1957.
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No. Title-r: Overflow area, Gila and Salt Rivers.
2. DisCharge-frequency curves.
3. Population curves.
4. Discharge-damage curves.
5.. Damage-frequency curves, Salt River.
6. Damage-frequency curves, Gila River, Salt River to Gillespie Dam.
7. Damage-frecpency curves, Gila River, Gillespie Dam to upper end

of Painted Rock Reservoir site.
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BENEFITS FROM IMPROVEMENTS

GILA AND SALT RIVERS, GILLESPIE DAM TO McDOWELL DAM SITE, ARIZONA

SCOPE

1. The studies descrihed in this appendix were made to evaluate
the flood-control and incidental water-conservation benefits that
would accrue from flood-control and multiple-purpose improvements
considered in detail for proifection of the areas along Gila River
from Gillespie Dam to the mouth of Salt River and of the areas along
Salt River from its mouth to the McDowell Dam site. Detailed field
and office investigations were made to determine the extent, character,
and value of the overflow areas. Estimates were made of (a) the fre­
quency and magnitudes of future noods, (b) the damages from past
floods, and (c) the probable damages from future floods. Because of
the effect of a reservoir on Salt River on floodflows on Gila River
above Painted Rock Reservoir (under construction),consideration was
given also to the area along Gila River from Gillespie Dam to the
upper end of Painted Rqck Reservoir •. Crop returns and associated
farm costs were analyzed to determine the net water-conservation
benefits.

HISTORY OF FLOODS

2. The principal sources of information concerning past floods
on Gila River and tributaries are records of the United States
Geological Survey, newspaper accounts, data from irrigation districts,
and testimony of local residents. A history at destructive floods in
the entire Gila River Basin for the period 1833-1947, inclusive, is
tabulated in appendix 6 to the district engineer t s report on survey,
flood control, Gila River and tributaries below Gillespie Dam, Ariz.,
dated September 1, 1948. The tabulation shows available estimates of
peak discharges of historical floods, as well as estimates of peak
discharges that would have occurred if the existing reservoirs had
been in operation since August 1, 1888.

3. Since submission of that survey report, discharge estimates
of two floods have been revised. Water-Supply Paper 1049 (p. 401)

, indicates that--on the basis of weather records, statements of men
conversant with conditions on Salt River in 1893, and records of flow
on nearby streams--the estimate of historical maximum average daily
discharge of Salt River below Verde River in 1893 should be revised
to 37;000 cubic feet per second. Historical discharge estimates for
Salt River above Verde River and for Verde River near McDowell should
be adjusted accordingly. Discharges under average future conditions
would have been negligible. Also revised were the peak discharges
during the floods of January 20 and 29, 1916. Additional infonnation
indicates that the historical peak discharges during these noods for
Salt River below Verde River were 120,000 and 105,000 cubic feet per
second, respectively.
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'EXTENT AND CHARACTER OF OVERFLOtJ AREA

4. Location and extent.--The overflow areas that were considered
in detail are as follows: (a) Along Salt River from McDowell Dam site
to the mouth, (b) along Gila River from Salt River to Gillespie Dam,
and (c) along Gila River from Gillespie Dam to Painted Rock Reservoir.
These overflow areas, which are described in subsequent paragraphs,
are shown on plate 1.

5. OVerflow area alon Salt River McDowell Dam site to mouth.-­
Newspaper accounts of the flood 0 February 1 91 estimated peak dis­
charge at McDowell Dam site of 300,000 cubic feet per second) and of
subsequent floods were reviewed in order to delineate the overflow
area of the standard project flood in th& vicinity of Phoenix and
Tempe, Ariz. Consideration was also given 'to changes in and reloca­
tions of the canal distribution 'system of the Salt 'River project since
the flood of 1891. That area along Salt River that is subj ec~ to
overflow by the standard project flood (290,000 cubic feet per second
at McDowell Dam site) comprises 44,000 acres,; consisting of 16,000
acres of cultivated land, 4,000 acres of residential and commercial
areas, and 24,000 acr8S of land including river bottom and wasteland.
All cultivated land is irrigated. Principal'irrigated crops include
alfalfa, barley, 'cotton, flax, sugar 'beets and truck crops 'such as
lettuce, cantaloupe, watermelons, and carrots.

6. Parts of the cities of Phoenix and Tempe, parts of their
suburbs, and parts of the community of South Phoenix are in the over­
now area. The following list includes types of property subject to
overflow, and damage:

(!) About 7,500 residences.

(b)' Business and industrial properties (about 650 in number )
such as retail and s'ervice outlets, molesale and manufacturing
establishments, warehouses, and industrial plants including- sand­
and-gravel works.

(c) Public properties, such as schools, churches, parks, the
Santa Monica Hospital, and the Sky Harbor Airport.

(d) Agricultural property', such as land, crops, farm equipment,
and livestock.

(e) Irrigation works, such as canals, canal levees, laterals,
wells,-and pumps. '

(f) Highways and roads and highway bridges at'Tempe and at
Central Avenue south of PhoeniX. ~

(~) The ma~n-line railroad bridge of the Southern Paci£ic Co.
near Tempe•.
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(h) utilities such as the Phoenix sewage disposal plant, the
Tempe sewage disposal plant, and miscellaneous telephone, telegraph,
power transmission, and natural gas lines crossing Salt River.

-
7. Overflow area along Gila River, moutp· of Salt River to....: ....

Gillespie Dam. --The area subject to overflow in this reach by ·the ..
standard project flood comprises 41,000 acres including 15,000 acres
of irrigated land, mostly along the right ban~ of the river. Most
of the cultivated land is planted to field crops. The community of
Liberty and "many rural residences are subject to damage. The headings
of the Buckeye and Arlington canals and the canals themselves are
subject to overflow and damage. Other property subject to damage
include~ short sections of highways and roads, the Buckeye sewer farm,
and some utility crossings of Gila River.

8. Overflow area along Gila River, Gillespie Dam to upper end
of Painted Rock Reservoir.--About 17,000 acres, including 1,300 acres
of irrigated land, ate subject to inundation by the standard project
flood. Damage in this area will occur mainly to agricultural prop­
erty, irrigation works including GilleSpie Dam, and highways and roads.

9. Valuation data by overflow areas.--The 1957 true value of
property subject to damage along Salt River and along Gila River
from the mouth of Salt River to the upper end of Pmnted Rock Reservoir
is estimated at $129,000,000. A summa~y of information on the type
and 1957 value of property in the overflow areas considered in detail
is given in the following table:
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Property subject to damage by the standard project flood in the overflow
areas along Salt River from McDowell Dam site to the mouth and along
Gila River from the mouth of Salt River to upper end of Painted Rock
Reservoir site, Arizona

TRUE VALUE (1957)

Overflow area

Property
Salt River,

McDowell Dam
site to
mouth

Gila River,
mouth of Salt

River to
Gillespie Dam

: Gila River,
: Gillespie Dam
: to upper end
:of Painted Rock
:Reservoir site

2,493,000

';;5 ,000
o

8,000
670,000

1,310,000
500,000

o
o

:~l,280,000

o
o

13,470,000 :
440,000
290,000

o
80,000

15,560,000

129,093,000
129,000,000

~s46,930,000
18,890,000
22,200,000
14,580,000

900,000
2,000,000

600,000
4,940,000

111,040,000Total :
_.;.....~....:.-..f.-_...;....~_....:;...~;..;.,!,...;...._.;.....__~;...:;..,~..;;.

Grand t~ta1 ••••••••• :
. .,.

Say ... '.............• :

Public ..................• :

Residential .............• :
Business and industrial •• :

Agricultural •••••••• ~ •.•• :
Irrigation works •••••.••• :
Highways and roads ••.•••• :
Ra ilroa.ds • • • • • • • . • • . . • ••• :
Utilities :

-----~~~~

ACREAGE

Acres
--1,300

o

Acres
---':5,000

o

Acres
-,::0,000

4,000
Other (stream channel :

and wasteland) ••.•••••• : ~2.;;;:4.t..'0.:...0.:...0;.... ....:2:.:.6~,0..:...0:..:0;... -:l5:....=,:...:.7~0_0

Total ••...••.•.••.•• : ~44~,~0;...0~0_.:... ~4~1~,0:..:0....:0~ ....:1~7~,..:...00~0

Cultivated••.••••.•.•..•• :
Urban .•.•...............• :

Grand total ••.•••••• : 102,000
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DA~lAGES FROH PAST FLOODS

10. Floods on Salt and Gila Rivers from McDowell Dam site to
the upper end of Painted Rock Reservoir have caused severe damage to
property and 1000 of some lives. Available data on damages from past
floods are incomplete. Newspaper accounts oupply incomplete flood­
damage descriptions of those floods that have occurred since 1890.
During this time, the entire area has increased in development, and
man-made improvements have encroached upon the flood channel. In
addition~;':'il1 recent years the channel areas of Salt and Gila Rivers,
especially Gila River, have been overgrown with phreatophytes. Mone­
tary estimates are very limited and incomplete for all past floods.
However, the type and severity of past flood damage give an indica­
tion of the wideopread character of the overflow and of the type of
damage that' may occur in the future. No flood-damage surveys !lGve.
been made by this office on floods in the area under consideration.:)
The following is a summary of the flood damages as reported in news­
paper accounts and as estimated by local interests.

(~) February 1891.--Damage of $70,000 to residential and business
property was reported. All diversion structures and canal headings,
with the exception of Arizona diversion dam, and many miles of canal
were washed out. The railroad bridge and trestle at Tempe were
destroyed; rail traffic was interrupted for 3 months. All telegraph
communication from Phoenix to the East was interrupted for a period
of 9 days. One hundred families out of a total population of 11,000
in I1aricopa County lost their homes. Five lives were reported lost.

(b) March-April 1905.--Two spans of the Phoenix and Ea:Jtern
Railroad bridge at Tempe were washed out; damage was estimated at
$40,000. The Arizona diversion dam was breached.

(c) November 1905.--All three railroad bridges at Tempe were
damaged. Three spans of the old Maricopa and Phoenix Railroad bridge
were destroyed. This bridge was never reI)aired. The north appro.aches
of both the new steel IVJ:aricopa and Phoenix bridge and the Phoenix and
Eastern bridge at Tempe were washed away. Traffic was cut off for an
entire week. Several farms were eroded by bank cutting. The Arizona
diversion dam was completely destroyed; Arizona diversion dam was
replaced in 1907 by Granite Reef Dam at a cost of $627,000.

(d) December 1908.--Fourteen canal breaks occurred, and irriga­
tion was interrupted for 4 days.

(e) January 1915.--The north abutment of Joint Head Dam was
washed-out. The San Francisco Canal and headworks were severely
damaged.

(i) January 19l6.--Large areas of agricultural land were
flooded. Canals and headworks were damaged. The south approach
of the Central Avenue bridge south of Phoenix was washed away. The
rock-and-gravel plants in the Salt River channel, the Phoenix
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sewage disposal plant, and Riverside Park at the north end of
Central Avenue bridge were severely damaged.

,
(~) February 1920.--The south abutments of both the: Central

Aven.ue bridge and the highw~y bridg~ at Tempe .were daIll9,-ged. Large
damage occurred to residential and agricultural properties a~d irri­
gation works. Daffi?,ge was estimated by local, interests at ;)300,000.

(h) February 1937.--The natural gasline crossing at Tempe,
which was buried 3 feet deep, was broken. Service was interrupted
for about 24 hours. It was necessary t~ reroute the gasline over
the eentral Avenue bridge; th~ length of relocated line was about
8 miles.

(~) M~ch 1938.--Nearly all land in Arlington Valley was inun­
dated. Buckeye Canal was washed out in several places •. Two county
bridges over Gila River were washed out. About 20 acres of land along
Salt River north of Mesa, Ariz., were eroded. One boy was drowned.
Riverside Park, south of Phoenix, was inundated.

DAMAGE FROM FUTURE FLOODS

11. Procedure in evaluating primary flood damages.--All damages
evaluated in this-~ppe~dix are classified as primary damages, which
have ,been divided into direct and indirect damages. Such secondary
damages as may exist are considered to be small and have not been
included in the evaluation of the project. Direct damage to property
is physical damage resulting from overflow or erosion. Indirect
damage is the result of direct damage and includes (a) costs of flood
fighting, rescue wOTk, and similar emergency measures; (b) business
and similar losses from decreased production, profits and wages, and
increased costs of normal operations and living; and (c) costs of
rerouting t~affic as a result of interruption of highway and railroad
lines.

12. The record of damages from past,floods is inadequate as a
measure of damage from future floods because of (a) the incompleteness
of the record of damages from past floods, (b) the growth of the valleys
since the occurrenc~ of large floods, and (c) the deterioration of the
stream channel.' .' , .

13. The overflow areas of floods of various magnitudes were
delineated on maps and aerial mosaics to facilitate identification of
properties subject to damage. Properties were inspected in the field
and were classified according to type and use. Ass,essed valuations
were obtained of properties in the overflow areas; true values were
estimated after comparing assessed values with selling prices and
after interviewing local residr::.nts. Crop and livestock reports
were obtained from local a.gen~-;'es. Produc~:ion costs of the important
crops were analyi3d to cbtain the crop val~e subject to damage .
during any month in the year. The time of, occurrence of
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floods during the year, being a factor in amount of flood damage,
was taken into account by estimating the percent probability of the
floods occurring in anyone month. Cross sections and values of
highways and railroad bridges were obtained from the State Highway
Department and the Southern Pacific Co.; respectively.

14. Estimates of-aamages were made under 1957 conditions and
under assumptions of average future conditions. Damages from future
-floods under average future conditions were computed on the basis of
(a) estimated average future economic development of the overflow
area and (b) average future ~hannel conditions.

15. Flood frequencies and ma~nitudes.--The estimates of fre­
quencies and magnitudes of future loads were obtained for two points:
Salt River at McDowell Dam site- and Gila River at Painted Rock Dam
site. These estimates were based on records or estimates of peak
discharges of past floods that occurred during the 6~-year period
1889-1957, modified to provide for the effect of exi$ting reservoirs
in the Gila River Basin (see IlHistory of Floods") and for the effect
of proposed reservoirs at the Buttes and Charleston sites. Since
the "History of Flpods" was compiled in the report on survey, flood
control, Gila Rive~ and tributaries below Gillespie Dam, Ariz., dated
September 1, 1948, ten additional years of record have been made
availabie_. No flood occurred at the two points under consideration
during the period 194e-57. The California modified method, as
described in United States Geological Survey Water-Supply Paper 771,
was used to determine plotting points for the discharge-frequency
curve. In general, the peak discharges of all recorded floods during
the period considered were used. However, if two or more floods
occurred_ within a 4-month period, only the maximur" crest flow was
considered.

16. The peak discharges, thus selected, were tabulated in order
of decreasing magnitude, and a discharge-frequency curve was prepared
on logar~thmic probability paper from the tabulated data by using the
equation:

f ~ 100 (n - 0.5), in which
t

f ~ number of times in 100 years that discharge is
equaled or exceeded,

n • series number of flood in order of decreasing nmgni­
tude, and

t c number of years of record.

17. Discharge-frequency relations are shown on plate 2. The
calculations of plotting points to determine probable flood frequen­
cies for Salt River at the McDowell Dam site and for Gila River at
the Painted Rock Dam site, considering the 69-year period leS9-l957,
are summarized in the following two tables:
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Table 2

Estimated flood frequencies and magnitudes, Salt River at McDowell
Dam site

Date

Peak discharge
that would have
occurred under

existing condition~f

: n
f~*

(Plotting
point)

..
February 1891. ••.•..•.•• :
January 1916•••••.•.•... :
February 1920•••.•••...• :
l\1arch 1906••••••••..•.•• :
February 1890•••••••..•• :
March 1907 ••••••••..•••• :
April 1903 ••••.•.......• :
April 1917 •..•••.••.•.•• :
November 1919•••••.•...• :
December 1923 •.•.•....•• :
March 1941•••••••..•...• :
February 1927 •.•.•.....• :
I'1ar ch 1889 ••...••....... :
January 1895 .•.•••.•...• :
April 1905 ••...•••.....• :
March 1908 :
February 1937 ..........• :
February 1911••......... :
January 1922 •..••......• :
March 1918•......•...... :
January 1910••.........• :

Cubic feet
per second

250,000
150,000
130,000

73,000
70,000
57,500
55,000
50,000
50,000
50,000
46,000
45,000
40,000 :
40,000 ~

40,000
40,000
40,000
39,000
27,000
25,000
15,000

1
2
3
4
5
6 :',
7
8
9

10
11
12
13 :
14 .:
15
16
17
18
19
20
21

0.72
2.17
3.62
5.07
6.52
7.97
9.42

10.87
12.32
13.77
15.22
16.67
18.12
19.57
21.0'1
22.46
23.91
25.36
26.81
28.26
29.71

),~ Control at all existing reservoirs.
~H~ 69 years of record, 1889-1957, inclusive.

5-8



Table 3

Estimated flood frequencies and magnitudes, Gila River at Painted
Rock Dam site

Peak discharge that would
have occurted under--

Existing condi- f·r.-~

Date Existing tions plus con- n (Plotting
· point)conditions* · trol at Buttes· and Charleston·

. Reservoirs

Cubic feet Cubic feet·
per second per second . :,.

:
February 1891••• : 300,000 290,000 1 0.72-
January 1916•••• : 180,OqO 170,000 2 2.17
February 1920••• : 150,000 150,000 3 3.62
March 1906•••.•• : 100,000 100,000 ·4 5.07
November 1919 ••• : 90,000 : . 90,000 5 6.52
March 1907 •••.•• : 85,000 85,000 6 7.97
March 1905 •••.•• : 100,000 75,000 7 9.42
February 1890•• ~: 75;000 75,000 8 10.87
April 1917 ...... : 55,000 55,000 9 12.32
March 1889•..... : 50,000 50,000 10 13.77
November 1905 •.• : 80,000 45,000 11 15.22
February 1927 .•. : 40,000 40,000 12. : 16.67
March 1941••..•• : 40,000 40,000 .13- :. 18.12
April 1903 •...•. : 35,000 35,000 14 19.57
December 1923 ••• : 35,000 35,000 15 21.01
January 1895 •••• : 30,000 30,000 16 22.46
March 1908 ••...• : 30,000 30,000 17 23.91
February 1911••• : 30,000 30,000 18 25.36
December 1914 •.• : 50,000 30,000 19 26.81

* Control at all existing reservoirs.
~~ 69 years of record, 1889-1957, inclusive.
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18. Discharge-damage relationships.--The damage caused by floods
on Gila and Salt Rivers depends upon three important factors: ~he

reduction of flow that may be caused by existing reservoirs, the
character of the flood, and the condition of the stream channel at
the time of the flood.

19. Existing upstream reservoirs in the Gila River Basin retain
large parts of the flood discharges above the reservoirs, and the
floods that would otherwise be expected on Salt and lower Gila Rivers
are thereby reduced. Because of this factor, many floods of the past
would have been reduced considerably with tl1e present storage facili­
ties. Many fioods caus ed by similar flood-producing coOOi tiona,
therefore, may be expected to be smaller in the future, even with
no further flood-control construction. This factor is taken into
account in the preceding tabulation of past floods, by routing all
recorded nows above each existing dam into the reservoirs and by
assuming releases from.~he reservoirs in accordance with present
requirements of water use in order to determine how much water
would have been in each reservoir at the time of each particular
flood. In this manner, it is determined which floods would have
been controlled by the~Xisting reservoirs and approximately how
much flow reduction would have been effected. Dams proposed for
the Buttes Dam site on Gila River and at Charleston Dam site on
San Pedro River were assumed to be constructed. The effect provided
by the reservoirs of each of these dams on floodflows in Gila River
between the mouth of Salt River and the Painted Rock Dam site was
c0tlsidered.

20. In the past, floods of fairly uniform flow or of uniformly
increasing and decreasing flow over a period of several days have
eroded the streambed, and the resultant incre ase in channel capacity
has caused large parts of the flow to be confined within the channel
limits. Many flash floods of equal magnitude, however, arrive so
suddenly that there is insufficient time for streambed erosion to
take place and, therefore, large parts of the flows exceed the
channel limits and cause considerable damage to lands, crops, and
improvements by overflow and surface, erosion.

21. The condition of the Gila and Salt River channels at the
time of a flood also has considerable effect upon the amount of
damage caused by the floods. On Salt River, large floods in general
erode and enlarge the stream-channel area. Subsequent floods occur­
ring within a short period are more easily confined within the enlarged
channel and therefore cause only nominal damage. When, hot'1ever, there
are no large floods for a period of several years, the streambed is
filled with sediment and overgrown with brush and small trees. At
such times, because of the lack of a clear channel, small floods often
cause as much damage as a much larger nood with clear-channel con<1i­
tions •

22. Along Gila River from the mouth of Salt River to a point
about 2 miles below Gillespie Dam, and at a few points on Salt River,
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the stream channel in recent years has been overgrown with phreato­
phytes, especially saltcedar. These phreatophytes, which range from
shrubs of less than a foot in height to trees of 30 feet in height
and average about 12 feet, in some cases have completely filled the
channel area with a dense brush. Even a ".11 flood occurring under
these conditions will overflow adjoining'land and a large flood may
cut an entirely new channel through the adjoining cultivated lam ..

23. Estimates of flood damage were based upon consideration
of the magnitude of the floods, the sequence in which floods of
different magnitudes occur, and the channel condition at the time of
flood. Estimates were made under present channel conditions and esti­
mated average futur~ channel conditions, Discharge-damage relation­
ships were established for floods of various magnitudes by deline­
ating the overflow areas of each flood considered and estimating the
flood damage to property within these areas.

24. The channel capacity of Salt River from McDowell Dam site
to its mouth is about $0,000 cubic feet per second. Some river­
bottom land, especially south of Phoenix, has been encroached upon
and would be subject to damage by even smaller flows. A flood of
100,000 cubic feet per second ~uld inundate about 600 acres of
cultivated area. Overflow would be restricted to areas where the
banks are low. A very small portion of the community of South
Phoenix would be flooded. A flood of 1$0,000 cubi c feet per second
would inundate about 11,200 acres of cultivated land. A large part
of the community of South Phoenix and the residential and commercial
area on the north bank of Salt River adjacent to the city of Phoenix
would be flooded. Damages would occur also to irrigation works,
highways, railroads, and utilities. A flood of 290,000 cubic feet
per second at McDowell Dam si te, equivalent in size to a standard
project flood, would inundate about 16,000 cultivated acres and
4,000 acres devoted to residential and commercial use. Most of the
business district of the city of Tempe, parts of the city of Phoenix
and the community of South Phoenix, and the urban and suburban areas
adjacent to the cities would be flooded.

25. The channel capacity of Gila River from Salt River to
Gillespie Dam is estimated at 20,000 cubic feet per second. A flood
of 115,000 cubic feet per second (measured at Painted Rock Dam site)
would inundate about 3.t500 cultivated acres, mainly on the north bank
of Gila River, in the tluckeye and Arlington Valleys. Damage would
be mainly to larrl and crops; minor damage would occur to residential
property, irrigation works, and highways and roads. 'A flood of
174,000 cubic feet per second would inundate about 9,000 acres.
The Buckeye and Arlington Canal headings would be damaged, causing
an interruption in the supply of irrigation water. A flood of
320,000 cubic feet per secorn would inundate about 15,000 acres of
cultivated land. The community of Liberty would be flooded. Severe
damage would occur to land, crops, irrigation works, and,residential
property; small damage would occur to highways and utilities.
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26. The channel capacity of Gila River from Gillespie Dam to
the upper end of Painted Rock Reservoir is estimated at 50,000 cubic
feet per second. A flood of 97,000 cubic feet per second (measured
at Painted Rock Dam site) would inundate about 400 cultivated acres,
Damage would be mainly to agricultural pr·operty. A flood of 193,000
cubic feet per second would inundate ab9ut 800 cultivated acres.
Large damage would occur to agricultural property, to Gillespie Dam,
and to the highway bridge just below Gillespie Dam. Interruption of
irrigati9n and transportation would occur. A flQod of 320,000 cubic
feet per second would i~urrdate 1,300 0.~ltivated.acres and would cause
severe damage to the same types of properties as damaged by a flood
of 193,000 cubic feet per second.

27. Dama~e from single floods--1957 conditions.--A summary of
estimates of t e cultivated area subject to overflow and the 1957
property values in the overflow areas considered and a summary of
estimates of primary (direct and indirect) damage that would res~lt

from future floods of various magnitudes in these areas are given in
the following tables:

+
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Estimated overflow areas and damage from future floods of various ma nitudes a10n Salt River from McDowell Dam
..:i site to mouth 19 7 conditions.

Property subject to damage Damage from future floods of various magnitudeS*-

Value 290,000 c.f.s. 150,000 c.f.s. 100,000 c.f. s.
Type (1957)

Direct Indirect Direct Indirect Direct Indirect

\.rt Residential ••• ~ ••••••••••••• : ~~46, 930,000 ~p3,140,000 $630,000 $650,000 $130,000 $43,000 $~,OOO,
I-'
\.U Business and industrial••••• : 18,890,000 1,990,000 6>90,000 580,000 210,000 70,000 14,000

Public ••.•.•••.............• : 22,200,000 870,000 170,000 260,000 50,000 2,000 0
Agricultural •••••••••••••••• : 1.4,580,000 3,430,000 570,000 900,000 150,000 210,000 30,000
Irrigation works •••••••.•••• : 900,000 190,000 440,000 90,000 110,000 5,000 1,000
Highways and roads•••••••.•• : 2,000,000 290,000 60,000 110,000 20,000 3,000 1,000
Railroads •.••.•.........•..• : 600,000 90,000 90,000 35,000 35,000 2,000 0
Utilities ................... : 4,940,000 210,000 _?10,000 80,000 80,000 35,000 35,000

Total .................. : 111,040,000 10,210,000 2,860,000 2,705,000 785,000 370,000 90,000

Total direct and
indirect damage •••••• : ••••••••••••• : ~~13 , 070, oob ~~3 , 490 , 000 ~;;460,000

ESTliif~TED DJUv~GE FROM FUTURE FLOODS

60011,20016,000

~. Peak discharge at McDowell Dam site.

CULTIVATED AREA SUBJECT TO OVERFLO"T

Table 4

Acres ••.....•....•.............•.......... :



Table 5

Estimated overflow areas and damage from future floods of various magnitudes along Gila River from mouth of Salt River
to Gillespie Dam (1957 conditions)

Property subject to damage

'JI.
I

t=. TotaL ••••.•••• : 15,560,000

Type

( .

Value
(1957)

(~1,280,000
13,470,000

440,000
290,000

80,000

ESTH1ATED DAIvlAGE FROM FUTURE FLOODS

Damage from future floods of various magnitudeS*

320,000 c.f.s. 174,000 c.f.s. 115, 000 c. f. s. 44,000 c.f.s.

Direct Indirect: Direct Indirect: Direct Indirec't: Direct Indirect

$280,000 $50,000 ::~80,000 ::~10,000 $.30,000 : $6,000 $1,000 °3,190,000 680,000 1,380,000 280,000 670,000 : 150,000 190,000 ., ~40,000

70,000 150,000 10,000 90,000 1,000' : ° 0 °40,000 10,000 10,000 ° 3,000 ° 1,000 .: °10,000 0 0 ° 0 ° ° : 0
.

3,590,000 890,000 1,480,000 380,000 704,000 156,000 192,000 : 40,000

. Total direct
and indirect
damage ••••••• : ••..•••••••• : ~p4, 480,000 ;Jil, 860, 000 :;;i860,000 ::~232 ,000

CULTIVATED AREA SUBJECT TO OVERFLOW

Acres ...•..•.•.•..........•••..•. : 15,000 9,000 3,500 1,200

* Peak discharge at Painted Rock Dam site.



Estimated overflow areas and damage from future floods of ~arious magnitudes along Gila River from Gillespie
Dam to upper end of Painted Rock Reservoir (1957 conditions)

Table 6

400

$46,000

800

$477,000

1,300

~~1,100,000

Damage from future floods of various magnitudeS*

320,000 c.f.s. 193,000 c.f.s. 97 ,000 c.f.s.
:

Direct Indirect Direct Indirect: Direct Indirect

~B,oOO ~pl,OOO $2,000 0 ~~1,000 0
5,000 1,000 4,000 $1,000 3,000 ~>l,OOO

140,000 50,000 80,000 30,000 30,000 10,000
290,000 180,000 60,000 40,000 0 0
340,000 90,000 200,000 60,000 1,000 0

:
778,000 322,000 346,000 131,000 35,000 11,000

Values
(1957)

05,000
8,000

670,000
1,310,000

500,000

damage •••••••••••••••••••••• : ••••••••••• :

CULTIVATED AREA SUBJECT TO OVERFLOW

ESTINATED DANAGE FRON FUTURE FLOODS

Total•••••.••••..••..•.•.•..•• : 2,493,000

Total di rect and indirect

, .

* Pe~k discharge at Painted Rock Dam site;

Acres :

Type

Property subject to damage

Residential••••.•.•...••.•.•.•...•• :
Public •..........................•. :
Agricultural......................• :
lrrigat. ion works ••••••••••••••.•••• :
Highways and roads •..••.•.•••••..•• :



28. ,Dama
populati o~':;s";';:;';o;;sz.~:..;;;..;;;.;r,..~~:;,....::;,.:;;~~~~~~..;;;.;;.;.;:..;.....;:;.;;;.;;.;:r;.:;;..;;..::..;,;;;.;;;.

steadily sin.ce
population for

Table 7

Population (1900-57), Maricopa County and Phoenix, Ariz.

Population estimate*
Year : Phoenix Greater Maricopa

Phoenix County..
1900 :
1910 ....................• , ........•.•. :
1920 :
1930 :.· :
1940 < :

19$0 ,' t

1953 '. :
1955, :
1957 (September) •••••••••••••••••••••• :

5,540
11,130
29,050
48,120
65,410

106,818
128,e40
155,000
172,000

15,000
35,000
60,000
93,000 :

140,000
216,000
275,000
310,00'0
370,000 :

20,460
34,490
89,580

150,970
186,190
331,770
420,000
490,000
550,000

* Bases of population estimates are as, follows,

City of Phoenix
1900 - 1950
1953
1955 and 1957

Greater Phoenix
1900 - 1950

1953 - 1957

Maricopa County
1900 - 1950
1953, 1955, and 1957

U. S. Census
Special Census made in V~ch 1953
Valley National Bank, Phoenix, Ariz.

Engineering COnsultant' Firm,
Phoenix, Ariz. I

Valley National Bank, Phoenix, Ariz.

U. S. Census
Valley National Bank, Phoenix, Ariz.

29. The populations and property values of the city of Phoenix, of
the Greater Phoenix area, and of Maricopa County inqreased steadily from
1900 to 1950 and have continued to increase.since that date. Between
1950 and 1951, the population of the city of Phoenix is estimated to
have increased from 106,818 to 172,000. Although Phoenix and Tempe are
dependent to some extent on the economy of the Salt River project, the
growth 'of these cities is affected by many other factors. The Salt River
project i~creased in acreage by only 17 percent from 1920 to 1950, but
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at:the same time the population of the city of Phoenix increased by
about·~70 percent. The Phoenix urban area and Maricopa County have
experienced a similar increase in population. The many factors
affecting the growth in and near Phoenix include the trend of
migration from the East to the West, the tourist and climatic con­
ditions, the location of industrial plants in the locality, and the
growth of the entire State. A'90mparison based on detailed apprais­
al's' of population growth in the Phoenix urban area, valuatipn~oL_,
property in the overflow area near Phoenix, and damage from single
floods, was made for the years 1955 and 1957. This comparison
indicated that population, values of property in the overflow area,
and resultant damages, all increased about 10 percent during the
period 1955 to 1957. Another comparison made for the years 1950 to
1955 showed similar results. It was therefore concluded that
increases in values of property in the overflow area and in esti­
mated future damages would be generally proportional to. increases
in population in the urban area. A study of future population
growth in the city of Phoenix and in the ?hoenix urban area was
made in 1951 by a private engineering consulting firm. Actual
growth since 1951 exceeded the estimates made by the engineering
firm. On the basis of (a) past growth and forecasts, which appear
to be conservative, of future growth made by the consulting firm,
and (b) the conclusion that increases in values of property would be
generally proportional to increases in population, the average future
values of residential, business, industrial, public, and utility
properties in the overflow area along Salt River during the 50-year
period 195.8-2007 is estimated at about 55 percent greater than the
1957 values. Curves showing actual population growth in the Phoenix
urban area from 1900 to 1957 and forecasts of future growth during"
the next 50 years are shown on plate 3. In the overflow areas along
Gila River below the mouth of Salt River, average future property
development is estimated at the same as present development.

30. Channel conditions along Gila River over the next 50 years
will vary from year to year, depending on many factors, including
(a) the occurrence of wet or dry cycles and (b) the importation of
water. The surface flow and a relatively high ground-water table
that now sustains the growth of phreatophytes will p'robably continue
to sustain the growth. The average channel conditions over the next
50 years were therefore 'considered identical to the present channel
conditions. Along Salt River, the stream channel is relatively clear
at present. In 1941, local interests had burned much of the grm~h

existing at the time. Since that time, the water table has lowered
and no flows, excepting relatively minor flows in short stretches of
the river have occurred. On the occurrence of spills from Stewart
Mountain or Bartlett Dam, phreatophytes will reoccur and will reduce
the channel capacity to some extent. Estimates of damages along
Salt River under average future conditions were made on the basis
of average future development of the overflow area and on assumed
average future conditions of the stream-channel area. Estimates of
damage in the two overflow areas along Gila River are the same under
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average future conditions as under present conditions. The following
table summarizes the damages under average future conditions in the
overflow'area along Salt River. Curves showing the relation between
peak discharges in cubic feet per second and total damage in dollars
under average future conditions for the three overflow areas are shown
on plate 4.

Table 8

Summary of estimated damage from future floods of various magnitudes
along Salt River from McDowell Dam site to mouth (average future
conditions)

Peak discharg~~

Cubic feet
per second

290,000
1$0,000
100,000
$0,000

Total direct and indirect
flood damage

$19,400,000
$,600,000
1,000,000

o

* Discharge on Salt River at McDowell Dam site.

31. ~verage annual flood damage.--The discharge-damage curve
for each overflow area considered (pl. 4) was combined with the
corresponding discharge-frequency curve (pl. 2) to obtain the damage­
frequency' relationship. Damage-frequency. curves for the various
overflow areas under average future conditions are shown~o~ plates
5 to 7, inclusive. The curves show the relation.of.total damage to
the number of times in 100 years the damages would be equaled-or
exceeded. The areas under the damage-frequency curves represent the
estimated total flood damage~ during a 100-year period; the total
for eac~ .overflow area.; divided by 100 is the estimated average annual
damage for that area•. The estimated average annual damages from
future floods in eacp overflow area under present and average future
conditions of development are given in the following table. Average
future channel conditions were assumed in each case.
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BENEFITS FROH IMPROVEM8NTS

R. 2/24/58
5-19

...
$344,000 $460,.000

198,000 198,000

33,000 33,000

575,000 691,000

Averag~ annual damage .

Present Average futur~

conditions of conditions· of
development development,.

:. :
. ' 1 :

----;;:;-----;-----:-----;:--;---

Table 9

Overflow area

. ~'" .

-~ . . .

.. ,

..... .I.'

Along Gila River, Salt River to
Gillespie Dam :

Along Gila River, Gillespie Dffin to
upper end of Painted Rock
Reservoir •••.•.•..••..•••••••••••.• : ~~~__

Total :

Es'ilthatedaverage annual flood damage in overflow areas, Gila and Salt
Ri'V'ers,McDowell Dam site to upper end of Painted Rock Reseryoir

32. Plans of improvement.--Detailed consideration was given to
three plans of improvement on Gila and Salt Rivers from Gillespie Dam
to McDowell Dam site, as follows:

(a) The recommended plan comprising short levees along Salt
River between 40th Street, Phoenix~ and Tempe Butte, Tempe, and
channel improvements along Gila and Salt Rivers from Gillespie Dam
to Granite Reef Dam;

Along Salt R.iver, 1'1cDowell Dam site.
to' 'mouth.. '.' •... '................•.•• :

(b) A plan for short levees along Salt River between 40th
Street: Phoenix, and Tempe Butte, Tempe; channel improvements along
Gila and Salt Rivers from Gillespie Dam to Granite Reef Dam; and a
multiple-purpose reservoir at the McDowell site for terminal storage
and flood control; and

(c) A plan for levees between 27th Avenue, Phoenix, and Tempe
Butte,-Tempe, and channel improvements along Gila and Salt Rivers
from Gillespie Dam to Granite Reef Dam.

33. Selection of optimum width of cleared channel.--Studies
were made to determine the width of cleared channel that would give
optimum flood-control benefits. Detailed investigations were made
of the most heavily infested area along Gila River from Gillespie
Dam to the mouth of Salt River. Agricultural development and the
natural topography limit the maximum width to about 2,000 feet at
numerous points along the Gila River (see pIs. 1 to h, appendix 3).
A floodway of greater width would impinge on cultivated land and

,'.



might result in increased bank erosion and flood damage to these
agricultural areas. In aodition, Gillespie Dam and low hills along

.' -. the river act as control sections and limit the effective width of
the floodway to a maximum of 2,000 feet. Channel widths smaller
than 2,000 feet 1-Tere therefore considered in detail to determine
the optimum width of clearing. Channel widths of 500, 1,000, 1,500,
and 2,000 feet·were considered and evaluated. Table 10 summarizes
tl:te. cost, flood-control benefits, and the incremental benefit-cost
ratios fqr·clearing the various widths of channel. As indicated in

. the· table, incremental flood-control benefits exceed the incremental
costs for all incremental widths considered. Actual 8xperience may
sho~ that additional clearing might be justified by the additional

·savings of wa~er; hm-Tever, such clearing, if determined to be desir­
able·at a later date, could be accomplished by local interests at
that time. Therefore, on the basis of this study, the 2,000-foot­
wide cleared channel was determined as the most desirable at this

. time •
.... ..1. . .

5-20
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Table 10

Summary of study to determine width of cleared channel that would result in optimum flood-control
benefits, Gila River from Gillespie Dam to mouth of Salt Riv~r

Width Ha intenance Total
Incremental

Flood Incremental: Benefit-
of First and annual damages cost

clearing costrl$. operation charge~}
cost prevented

benefits
ratioil-~

Feet . .. .
-,00 :$165,000 $7,800 $13,600 $13,600 ~}63,000 $63,000 4.63
1,000 330,000 15,600 27,200 13,600 91,000 28,000 2.06
1,500 495,000 23,400 40,800 13,600 109,000 18,000 1.32
2,000 665,000 31,200 54,600 13,800 126,000 17,000 1.23

* Cost of channel clearing only. Does not in~iude cost of low-flow or pilot channel. Because
the cost of the pilot channel would be constant for all widths of clearing, incremental costs
would not be affected.

-::-::- Ratio of incremental bene i t:: ~.) in..:rsmelltc.:.l c' sts,



34. Benefits from flood damage orevented.--Channel improvements
along Gila River from Gillespie Dam to the mouth of Salt River and
along Salt River from its mouth to Granite Reef Dam are a part of all
plans considered in detail. This part of each plan would provide par­
tial flood control to adjoining property by lowering the water-surface
elevations of future floods' and thereby reducing the extent of the
flooded areas. The average water-surface elevation of the standard
project flood along Gila River from Gillespie Dam to ~p'emouth of' Salt
River would be reduced by about 3-1/2 feet. Reductions would vary,
depending on location, from 1-1/2 feet to 5-1/2 feet.

35. The construction of short· levees along Salt .River, as a part
of the recommended plan, would prev.ent the overflow of nearly all of
Tempe, ald provide partial protection to Phoenix and to the commercial
and agricultural area adjacent to Pho~nix from floods on Salt River.
Damage to the Sky Harbor Airport, to the Grand Canal, and to the cooling
system of the Cross-Cut power plant would also be prevented; .

f

36. McDowell multiple-purpose reservoir would reduce the inflow
peak of the standard project flood from 290,000 cubic feet per second
to a maximum outflow of 82,000 cubic feet per second. As a result, the
overflow area along Salt River downstream from the dam site would be
protected from all but minor damage caused by Salt River floods, and
the overflow area along Gila River between the mouth of Salt River and
the upper end of the Painted Rock Reservoir site would be protected
from most damage.

37. Levees along Salt River between 27th Avenue, Phoenix, and
Tempe Butte, Tempe, would protect the developed area of South Phoenix,
the commercial area in the southern part of the city of Phoenix, the
commercial and agricultural area between the Phoenix city limits and
Salt River, and the agricultural area on both sides of Salt River
between Tempe and Phoenix from floods along 'Salt River.

38. Damage-frequency curves were drawn indicating the damages
that would not be prevented under the operation of the. three plans of
improvement. Damage-frequency curves representing average future con­
ditions are shown on plates 5, 6, md 7. Table 11 summarizes the esti­
mated average annual tangible primary benefits that would result. from
damage prevented under each of the plans considered under pre~~pt (1957)
conditions of development. Table 12 summarizes the same information
for conditions that are expected during the next 50 years, 1958tf007.
On each of the tables, the areas that would be affected are .lis·t€d; and
for each area the total average annual damage, ·the damage that: :would
not be prevented, and the damage that would be prevented are given.
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Table 11

Average annual darna~es

Estimated average annual tangible benefits from flood damages prevented by improvements considered, Gila and Salt
Rivers, Gillespie Dam to McDowell Darn site

(present conditions of development)

Areas affected Non-Total preventable Prevented

Salt River, HcDowell Dam site to mouth••• : $344,000 $270,000 $74,000
Gila River, Salt River to Gil1e spie Dam•• : 198,000 72,000 126,000

Total•.............................. : 542,000 342,000 200,000

Salt River, McDowell Dam site to mouth••• : 344,000 33,000 311,000
Gila River, Salt River to Gil1e spie Dam•• ~ 198,000 41,000 157,000
Gila River, Gillespie Dam to upper end 33,000 14,000 19,000

of Painted Rock Reservoir site.

Total •....................... ~ ...... : 575,000 88,000 . 487,000.
Salt River, McDowell Dam site to mouth••• : 344,000 149,000 195,000
Gila River, Salt River to Gillespie Dam•• : 198,000 72,000 126,000

Total ............................... : 542,000 221,000 321,000

Plan

Levees between 27th Avenue,
Phoenix, and Tempe Butte, and
channel improvements.

Short levees, channel improve­
ments, and McDowell Reservoir.

Short levees and channel
improvements.

\J1
I
N
W



Table 12

Estimated average annual tangible benefits from flood damages prevented by improvements considered, Gila and Salt
Rivers, Gillespie Dam to McDowell Dam site
(average future conditions of develop~ent)

.
Average annual damages

Plan

Short levees and channel
impr.ovements.

Short levees, channel improve­
ments, and McDowell Reservoir.

Levees between 27th Avenue,
Phoenix, and Tempe Butte,
and channel improvements.

Areas affected Non-Total
preventable Prevented

Salt River, McDowell Dam site to mouth ••• : $460,000 $360,000 $100,000
Gila River, Salt River to Gillespie Dam•• : 198,000 72,000 126,000.,

Total ............................... : 658,000 432,000 226,000

Salt River, McDowell Dam site to mouth•.• : 460,000 41,000 419,000
Gila River, Salt River to Gillespie Dam•• : 198,000 41,000 157,000
Gila River, Gillespie Dam to upper end 33,000 14,000 19,000

of Painted Rock Reservoir site.

Total•••.•.•........................ : 691,000 96,000 595,000

Salt River, lVlcDowell Dam site to mouth ••• : 460,000 189,000 271,000
Gila River, Salt River to Gillespie Dam•• : 198,000 72,000 126,000

Total••....•........................ : 658,000 261,000 397,000



39. Benefits from water conservation.--The clearing of phreato­
phytes from a 2,OOO-foot channel along Gila and Salt Rivers from
Gillespie Dam to Granite Reef Dam would result in a savings ofoa min­
imum of 16;000 acre-feet annually. In accordance with the recommen­
dations of the Federal Inter-Agency River Basin Corrumittee's report
titled IIProposed Practices for Economic analysis of River Basin
Projects" and dated May 1950, the primary benefits from water conser­
vation are evaluated in this report on the basis of the net increase
in production of irrigated crops that would result from construction
of the project. This increase in production would result from con­
struction of the project and also from the application of associated
resources. As considered in this report, the net primary benefit from
water conservation was calculated to be the difference between the
gross crop return to the farmer and the associated farm costs, which
would include operating costs for production, interest on investment,
maintenance and depreciation of equipment, property taxes, and manage­
ment costs.

40. The quality of water has an important bearing on the type
of crops grown in an area and in the yield to be obtained from these
crops. Chemical analyses of water samples of the surface water in the
Gila River upstream from Gillespie Dam are not adequate to develop an
average figure for the water quality in the river. Numerous spot
samples have been taken, but these samples are not correlated with the
volume of flow. However, the United States Geological Survey took
continuous samples of the flow of the Gila River below Gillespie Dam
from December 1950 to September 1951 and the results of analyses of
this water are given in Geological Survey Water-Supply Paper 1264.
These samples indicate that 87 percent of the time the water carried
over 5,000 parts per million of dissolved solids. Only during high
flows following rains was the quality of water below 5,000 parts per
million. It is therefore estimated that most surface or near surface
water in the channel area between the mouth of Salt River and Gillespie
Dam (the area where the major water savings will occur) will have a
quality similar to that indicated at Gillespie Dam. In recent years,
the flow at Gillespie Dam plus that diverted from the river by the
Buckeye Irrigation District and the Arlington Ditch Company has
averaged about 175,000 acre-feet annually. This represents the volume
of water remaining after consumptive use by the phreatophytes in the
river channel. This water is estimated to have a concentration of
5,000 parts per million under present conditions. The removal of
phreatophytes would save 16,000 acre-feet annually and the addition
of this water to the supply would reduce the average concentration of
salts in the entire area to about 4,600 parts per million.

41. Not all crops are suitable for cultivation with water of
this quality. Only the more salt-tolerant crops can be grown. Crops
such as cotton, alfalfa, and small grains are tolerant to water with
such a high salt content, but such crops do not reach their optimum
yields. Based upon comparisons of yields experienced in the area
under consideration and the yields obtained in the Salt River project,
it is estimated that the crop yields in the area benefited by the con­
servation of water through the removal of phreatophytes will be equal
to 75 percent of the crop yields experienced in the Salt River project.
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42. Crop reports of the Salt River project for the years 1951
to 1956 were analyzed to determine the gross income per acre for
representative crops (see table 13). The crop returns were then
reduced by 25 percent to reflect the use of poor quality water.
The years considered are indicative of the current value of crops.
Because (a) cotton, alfalfa, grain sorghum, and other small grains
comprise the bulk of the irrigated acreage, and (b) these crops are
tolerant to water with a high s~lt content, these representative
crops were analyzed in detail. Production costs of these crops for
the same years were determined, based on information contained in
bulletins prepared by the Arizona Experiment Station, University of
Arizona. A summary of production costs for representative crops is
given in table 14. On the basis of (a) the gross income per acre
for representative crops, (b) the production costs for these crops,
(c) the distribution of crops in the area, and (d) the duty of water,
the value of water conserved by the elimination of phreatophytes is
estimated at $8 per acre-foot (see table 15). The average annual
primary benefits from the conservation of 16,000 acre-feet of water
are estimated at ~128,OOO.
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Table 13

Gross income per acre for representative crops, Gila and Salt Rivers, Gillespie Dam to McDowell Dam site, Arizona

Gross income per acre*
Crop . . Adjusted1951 1952 1953 1954 1955 1956 Average .

averag~*.. .
Cotton••...................... : ~487.50 ~)42l.00 ~361.25 $453,50 ~4l1.40 $463.30 0432.99 $324.74
Alfalfa arn pasture ••••••.•.•• : 163.78 180.20 150.08 152.86 175.53 148.36 161.80 121.35
Grain sorg~um••.••••••••.•...• : 81.00 99.00 91.00 79.20 69.30 64.96 80.74 60.56
other small gra ins-~H~""*••••••••• : 83.75 108.00 119.20 102.00 118.80 118.95 108,..:45 81.34

~< Based on crop reports of Salt River project.
-::--~ A reduction in yield of 25 percent was estimated because of high salt content· of water. Values were

rounded to neare st dollar.
~HP~ Mostly barley. Pasture value added because of practice of pasturing livestock on barley lands after

cutting.



Table 14

Production costs for representative crops, Gila and Salt Rivers, Gillespie Dam to McDowell Dam site

Crop and item Production costs per acre

1951 1952 1953 1954 1955 1956 Average Say

Cotton
Interest and taxes :

(land)* .......... : ~~18.50 $18.50 $18.50 ~~18.50 $18.50 $18.50
Wate!'¥."* •••.••.•.••• : 10.40 10.40 10.40 10.40 10.40 10.40
Cultural costs~-~*•• : 75.00 89.00 72.00 77 .00 78.00 83.00
Harvesting costs# •• : 95.63 96.75 98.03 95.78 97 .13 97 .13
Interest on oper- :

ating costS## •••• : 4.53 4.90 4.51 4.58 4.64 5.27
\.n. Management ••••••••• : 10.00 10.00 10.00 10.00 10.00 10.00,
I'\)- •

en

Total.•......... : 214.06 229.55 213.44 216.26 218.67 224.30 :$219.38 ~~219 .00

Alfalfa and pasture :
Interest and. taxes :

(land )~.••••.•.••• : 18.50 18.50 18.50 18.50 18.50 18.50
Wate~~--~-•• ~-••••••••• : 13.00 13.00 13.00 13.00 13.00 13~OO

CuItural costs~~-::-:~•• : 15.45 15.85 22.00 34.00 39.00 47.00
Harvesting' costs# •• : 24.00 30.00 25.. 10 21.00 21.00 22.50
Interest on oper- :

ating costs## •••• : 1.31 1.47 1.50 1.70 1.82 2.06
Management •..•.•.•• : 10.00 10.00 10.00 10.00 10.00 10.00

Total •••.••.••.• : 82.26 88.82 90.10 98.20 103.32 113.06 95.96 96.00

See footnotes at end of table.



Production costs for representative crops, Gila and Salt Rivers, Gille.spi~ Dam to McDowell Dam site--Continued

~< Includes interest of 5 percent on estimated value of $300 for land. : Taxes estimated at i~3.50.
~H< Cost of pumping water based on estimated pump lift of 65 feet. Cost is estimate~ at $0.04 per acre-foot

per foot of lift. ,
>,H<* Based on bulletins of Agricultural Experiment Station, University of' Arizona.
#' Harvesting costs taken, at 75 percent of costs shown in bulletins of Agricultural Experiment Station.

Factor':applied to reflect reduction in yield.assumed because :of high salt content. Cotton yield assumed at
1.5 bales per acre. .' ; ,..' .
##~nterest of 5 percent applied for 1/2 year on water, cdltural, and harvesting costs.
###l'lostly barley. .,



Table 15 .,

Value of water per acre-foot" Gila and Salt Rivers, Gillespie Dam to McDowell
Dam site, ·Arizona

a. Value of water per acre-foot for representative crops.

Gross Produc-
income tion

per acre': Gost
:per acre

Crop

Cotton :
Alfalfa and pasture •••••• :
Grain sorghum••••••••••.• :
Other small grain~*•••.• :

, $325:
121
61
81

$219
96
81 : ~

74

Net Water use Value of
income acre-feet water per
, per per acre acre-foot

acre

$106 ,4 : . j26.50
25 -5 5.00

-::--20 3 -6.67
7 2-3/4 2.55

b. Average value of water per acre-foot.

1 2 3 4 .' 5 6
:Percent:

Percent Water use Col- of Value of
Crop of land acre-feet umn . total water per.

:cropped!H:--* : per acre 2x3 :. water aCTe-foot
used

Cotton •.•••...•• : 20 4.0 0.80
Alfalfa and

pasture ....... : 45 ·5.0 2.25
Grain sorghum••• : 15 .. 3.0 0.45
Other small

gralns~:~-~-•••.•. : 20 .. 2.75 0.55

Total ...... : .. .~......' . : ........... : 4.05

~.

7
Average
value of

water per
acre-foot
column 5x6

$5.25

2.78
-0.74

0.35

7.64

Say .. ,. '.. : : : : :.: : 8.00

~~ This 'indicates a loss of ~20 per acre in growing of 'grain sorghum. This
means that return of land investment, interest on operating costs, and return
for management will be reduced from an average of .;;;24 per acre to an average
of about ~4 per acre. Ordinarily this is too low for profitable farming, but
because of the practice of farming more than one crop and 'crop rotation, such
small returns are offset by larger gains from other crops.

~H:- Mostly barley.
~H~~ Crop distribution based on analysis of crop distribution in Salt River

project, in Buckeye Irrigation District, and in Arlington Irrigation District
for the years 1948 to 1955.

. '
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43. Summary of average annual benefits.--The estimated average
annual primary benefits that would accrue from construction of the
plans considered are summarized in the following table:

Table 16

Estimated average annual benefits from plans considered, Gila and Salt
Rivers, Gillespie Dam to McDowell Dam sL te, Arizona

Average annual tangible benefits

Plan Flood
Waterdamages Total

prevented conservation

Short levees and channel
improvements .................... : $226,000 $128,000 $354,000

Short levees,-channel improve-
ments, and McDowell Reservoir •• : 595,000 128,000 723,000

Levees between 27th Avenue,
Phoenix, and Tempe Butte, and
channel improvements .....•..•.. : 397 ,000 128,000 525,000
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USE OF WATER. BY PHREATOPHYTES IN 2,000-FOOT CHANNEL BETHEEN
GRANITE REEF AND GILLESPIE DAMS, MARICOPA COUNTY, ARIZONA

By
S. F. ~urner and H. E. Skibitzke

ABSTRACT

The following is a summary of data obtained in a study of trans­
piration by phreatophytes in the channels of the Salt and Gila Rivers,
between Granite Reef and Gillespie Dams, Maricopa County, Ariz. The

. study 1-laS made in the spring of 1950 by the Geological Survey, United
States Department of the Interior, in cooperation with the Corps of
Engineers of the United States Army. The kind and amount of phreato­
phyte growth was mapped in the area covered by a proposed flood-control
channel, 2,000 feet wide, extending between the two dams. Most of the
mapping was done from the air, using recent aerial photos. Trans­
piration by the phreatophytes was computed by using the results of
the mapping combined with water-use factors developed by experimental
work of the Geological Survey in Safford Valley; Ariz., during 1943
and 1944. Estimates of future phreatophyte use and of the amount of
water that might be saved by clearing and maintaining the channel
area were based on extensions of water-level graphs to include the
next 50 years and on the experimental work at Safford. The estimates
were as follows:

(i) Total estimated transpiration within the channel area,
from ground water, at time of investigation - 29,000 acre-fee~ per
year.

(2) Estimated average transpiration from ground water during
period 1950-1999.

(a) Without Colorado River water - 22,000 acre-feet.per
year.

(b) With Colorado River water in 1960 - 30,000 acre-feet
per yea:r:.

(3) Estimated average water saving effected by channel clearing,
1950-1999.

(a) Without Colorado River water - 16,000 acre-feet per
year.

(b) With Colorado River water in 1960 - 22,000 acre-feet
per year.

(4) Estimated amount of salvaged water available for irrigation
in Marioopa County - same as (3).
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INTRODUCTION

An investigation of the use of water by phreatophytes along the
Salt River and Gila River channels between Granite Reef Dam and
Gillespie Dam in Maricopa County, AriZ., has been made by the Geological
Survey, United States Department of the Interior, in cooperation with
the Corps of Engineers of the United States Army. The purpose of the
investigation was to determine various effects that would result from
clearing the phreatophytes (bottom-land vegetation) from a proposed
2,000-foot-wide flood-control channel between the two dams, a distance
of approximately 70 miles. Field work and computations were carried
on during February and March 195q, under the direction of S. F. Turner,
district engineer (Ground Water) of the Geological Survey.

In a 'letter dated December 30, 1949, the Cor~s of Engineers
requested answers to the following questions: ,\ -'!, ,

-, "."

(1) Estimated total present transpiration by phreatophytes'
within the limits of the proposed channel, in acre-feet per year.

(2) Estimated average future (over 50-year period) transpiration
by phreatophytes within the area, in acre-feet per 'year.

(3) Estimated amount' of water that will be saved if the area
is ma~ntairied in a reasonably clear condition, ,in acre-feet per year.

(4) Estimated average amount of salvaged water that m'ight 'be
made available for irrigation in Maricopa County, in acre-feet per
year. , "

Aerial Photographs and Maps

The Corps of Engineers furnished two complete set of contact
prints of aerial photographs on a scale of approximately 1,500 feet
to the inch, and a set of aerial mosaics on the same scale. The
aerial photographs were made during October 1948 and'May 1949. The
mosaics were used to delineate the areas of different density in '
phreatophyte growth, and the contact prints were used in the field
for the purpose of recording phreatophyte types, heights, and areal
densities. The Corps of Engineers also furnished prints of base'maps
showing the natural river channel and the proposed 2,000-foot flood­
control channel. These maps llTere dral\mto the same scale as the
aerial mosaics, and were used to show the outlines of the various
phreatophyte areas.

METHODS USED IN INVESTIGATION
'. "1 '.

" . -., ~ .".

In obtaining the data desired by the Corps of Engineers,. the
following steps were taken: The areas of different apparent phreato­
phytedensities were outlined'on the aerial mosaics and on the contact

.'"I "

6-2



prints. The areas were measured by planimeter and numbered consec­
utively, beginning at Gillespie Dam. The contact prints were then
taken into the field, and notes were made as to the types, heights,
and areal densities of the phreatophytes, in each numbered area.
Most of the observation was made from a light plane at altitudes of
50 to 100 feet above the ground. Checks were made on foot along
nunierous type oross sections (see fig. 1) throughout the length of
the' channel and these ground ohecks were compared with the aerial

;:,"observations. The comparison between results obtained by air and
'", ground mapping led to the conclusion that the former offers a muoh

faster and more accurate method, particularly in areas of dense '
growth.

The data obtained from the field work were tabulated and evalu­
ated as to total water use by phreatophytes in each individual area,
on the basis of acreage, ~rowth types, use factors (amounts of water
used by different species), and densities. Use factors for different
types of phreatophytes were taken from the results of experimental

',work..done by the Geological Survey at Safford in 1943 and 1944.* It
was, recognized that, because of higher temperatures and a longer

, growing season, water use in Maricopa County would be somewhat
,greater than at Safford. However, as the actual amount of differ­
ence in water use is not known, the Safford figures were used, except
for miscellaneous brush, and therefore the results are conservative.
Water use according to plant types and on the basis of lOa-percent
areal and vertical frondage density was taken as follows: by salt­
cedar, 7.2 acre-feet per acre per year; cottonwood and willow, 6.0
acre-feet; baccharis, 4.7 acre-feet; arrrnvweed and miscellaneous
brush assumed the same as baccharis; mesquite, 3.3 acre-feet; and
palo verde assumed the same as mesquite. From each of the above
figures was deducted 0.65 acre-foot of rainfall, leaving only the'
factor applicable to the use from ground ~vater. The amounts of
ground water used in the individual areas l~re combined to give the
total amount of water used within the 2, OOO-foot channel.

In estimating the future average annual transpiration from
ground water by phreatophytes within the proposed channel area, the
following steps were taken. Profiles (fig. 2) were drawn to show:
water levels along the line of the channel for the years 1923,,19.39,
and 1949. The profiles extended from a point in the channel approxi­
mately 3 miles north of Mesa downstream to a point lt miles below
the junction of the Salt and Gila Rivers. Graphs (figs. 3-8) were
then drawn to show water-level fluctuations between 1905 and 1949
at six selected places along the channel. Estimated trends during

* Gatewood, J. S., Robinson, T. W., Colby, B. R., Hem, J. D., and
Halpenny, L. C., Use of water by bottom-land vegetation in lower
Safford Valley, Ariz.: U. S. Geol. Survey Water-Supply Paper 1103,
1950. '



the period 1950-1999 are shown on the same graphs. These estimated
trends are based.both upon the continuation of present conditions and
upon the possible introduction of Colorado River water in 1960. The
graphs and the following factors were used in estimating future phreato­
phyte growth and g round-l,v'ater us e along the chal1;nel.

Factors Consid'ered in Forecast of Water Use

In any, attempt to forecast water-level fluctuations and the
cor~esponding changes in water use by phr~atophytes along the Salt
and Gila River channels during the next 50 years, many factors must
be taken into ·consideration t Some of these factors can be evaluated
and used in the calculationS. Others, of equal or even greater weight,
are recognized but cannot be transposed into mathematical values with
any degree of accuracy. All the factors listed below were given con­
sideration.

This is a factor that ,wou1.d have an important effect on
future water use. However, no attempt was made to forecast economic
trends, and current price levels were assumed. in estimating water use
during theperiod.1950-1999.

(3) Possible introduction of Colorado River water.

The forecast should not ignore the effects that would be
caused by bringing Colorado River water into the area. There is uncer­
tainty regarding this matter and also as to the actual date additional
water.might be brought in. For the purposes of this estimate, 1960
was arbitrarily chosen, and any change in that date would m~an either
a hastening or retarding of the effects that would be felt.

(4) A prolonged wet cycle similar to the period 1905-1920.

It is believed that the .possibility of a wet cycle should
be seriously considered in any water-use forecast~ RaiTIfall and runoff
records available for the 1905-1920 period were studied in order to
determine the nature, sequence, magnitude, and duration of the effects
of another such wet cycle. T~(ing into account the storage dams on the
Salt and Verde Rivers, it was determined that the effects would be
reflected quickly along the Salt and Gila River channels and that
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Factors tending to lower water levels

6-5

(1) Additional agricultural development.

.~ .
(5) Higher power rates.

The amount of water used may be considerable and will
correspondingly reduce the flow of the San Pedro River, a tributary
of the Gila River.

This would greatly reduce recharge from the canals. As
the time of installation and the amount of canal lining could not
be predicted, the effect was considered only in a general way.

(3) Construction of a storage dam on the Gila River at the
Buttes, east of Florence. "

This would reduce the amount of water that now enters the
channel area as surface flow and underflow at the junction of the
Salt and Gila Rivers. This is another factor that cannot be pre­
dicted as to date and quantitative effects.

"(4) Development and mining of the San Manuel ore body n~
Mammoth, on the San Pedro River.

. All available surface water is now being used and addi-
tional agricultural development would,necessarily entail increased
,use, of ground water. '

(2) Lining of canals in the Salt River Valley.

Although it appears reasonable to anticipate another pro­
tracted vIet eycIe at s orne time during the next 50 years, the date
when such a cycle might begin is a matter of speculation. For that
reason, the effects were not indicated on the graphs t,hat show the
estimated water levels during the period from 1950 to 1999 inclusive•

Increased power costs would automatically curtail pumping
and thus prevent further decline of the water table in some areas
that are now near the borderline between profitable and unprofitable
agri cultural development. '

, .

continuous surface flow probably would occur between Granite Reef
Dam and Gillespie Dam within 3 or 4 years. Recharge from the streaIro
would build up a steep ground-water ridge under the channels and
the slopes would gradually flatten as the water moved outward into
depleted areas within the valley, It is estimated that the rise in
water levels in the basin would average not less than 5 feet per
year during a wet cycle of this sort. The phreat6phyte-problem

. would be greatly intensified by the rise of water levels, and an
areal density approaching 100 percent might eventually be expected
over the entire channel.



(5) Lowering of p~ler rates.

This would allow pumping from deeper levels.

(6) Higher prices for agricultural products.

This, as in the case' of lower prices, is an economic factor
with an ~known time element. The forecast, therefore, was based upon
the continuation of present price levels.

(?) Increased efficiency in 'application of irrigation water and
use of fertilizers, and increased mechanization of crop harvesting.

This would lower over-all prcrluction costs and leave money
available for deeper pumping.

Indeterminate factors

In addition to factors that would exert definite influences
toward raising or lowering water leve;Ls in the basin, there are a few
that would have effects in each direction, and the final net effect of
their influence cannot be forecast, An example is the probable increased
use of sprinkler systems to replace present methods of irrigation.
Sprinkling would decrease the amount of water used per acre of crops,
but it would also increase evaporation loss and would decrease recharge
to the ground-water reservoir, Whether the widespread adoptionwf sprin­
kling systems in the area would eventually raise or lower the water table
is debatable,

INTERPRETATION OF WATER-LEVEL GRAPHS

In constructing the graphs shown in figures 3-8, all available
water-level records of a group. of wells within the selected area were
combined to show average fluctuations in the area, In some cases
only partial records, particularly for the years preceding 1925, were
available, Water levels as shown on the graphs may not be strictly
accurate for any individual year, but the'general trends are as shown.

" 'Figure 3 shows the fluctuation of the water level in the part of
the river channel between sees. 3 and 4, T, 1 N., R~ 5 E., approximately
3 miles north of Mesa. Recharge from irrigation raised water levels
in this area until 1925. At that time increased pumpage caused a sharp
decline which continued through 1939. The abrupt rise after 1939 was
caused by the wet winter of 1940-41. Increased development and pumpage
during and after the war have lowered water levels at an accelerated
rate.

Without the introduction of Colorado River water the dec~ine in
water levels will continue. If Colorado River water is brought in
about 1960, water levels in this area will rise, probably to a level
about 50 feet below the land surface.

6-6



Figure 4 shows the fluctuation of the water level in sec. 14,
T. 1 N., R. 4 E., near Temoe Narrows. From 1902 to 1920, water
levels in this area declined because of local pumping. This is one
of the first areas in which extensive pumping ~as done. Between
1920 and 1930, recharge from irrigation overcame the effects of
pumping and water levels rose until they were above the land surface
in 1930. Surface flow continued untiL1947, with the exception of
a short period of drought that ended in the fall of 1940. Between
1947 and 1949 the loJater levels declined approximately 20 feet below
the land surface. Several new wells of large capacity were drilled
in the area in 1949.

Without Colorado River water the present rate of decline will
probably continue for a few year~ and then will decrease as higher
pumping lifts cause some wells to be taken out of use. If Colorado
River water were brought in about 1960, the water levels in this
area would recover very rapidly at first, then more gradually,

. Figure 5 shows the fluctuation of the water level between sees.
13 and 14, T. 1 N., R. 3 E., approximately halfway between Phoenix
and Tempe. From 1902 to 1925 the water levels in this area rose,
because of recharge from irrigation. Drought and increased local
pumping for drainage purposes caused a sharp decline between 1925
and 1927. After 192 7 the rise in water levels was resumed and
reached a peak during the wet winter of 1940-41. Then the water
levels receded slowly until 1944, when increased pumping started
the rapid decline.

Without Colorado River water, the present rapid rate of decline
will probably continue and may increase, owing to lessened recharge
after the main canals have been lined. : The rate of decline wii1

~~probab1y decrease at depths greater than'150 feet because of reduced
. '," '.,. pumping. If water from the Colorado River, v,ere brought into' the area

about 1960, the ground-water levels would rise,continuous1y t~within

about 80 feet of the ground surface, 1rJhere they probably woJl1d, ,be
stabilized. It is believed that, if the water table were stabilized
at a much greater depth in this area, the movement of water out of
the area would be reduced to such an extent as to have an adverse
effect upon the salt balance in the basin.

Figure 6 shows the water-level fluctuation in sec. 29, T. 1 N.,
R. 2 E., approximately halfway between Phoenix and the junction of
the Salt and Gila Rivers. In this area the v1C'l-ter level was' pra,qti­
cally at the surface of the ground and water was fl,owing in the
deeper channels, of the river until 1941. Si.nce that, time the general
trend of the water table has been, downward. ',:

Without Colorado River water, the rate of decline will probably
increase for about 10 years and then will gradually decrease. It is
probable that a water level at about 120 feet is the lowest that can
be maintained 'l>rl.thout reversing the gradient and causing salt water
encroachment. If Colorado River water were brought into the basin,
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the water levels in this area probably would rise to about 35 feet
beloH the ground surface. Such a level probably l'1<l1Uld be 'sufficient
for maintenance of surface flow at the june tion of the Sa.lt and Gila
Rivers and thus of the salt balance in the basin. .

Figure 7 shows the water-level fluctuation in sec. 33, T. 1 N.,
R. 1 E., approximately 2t miles east of the junction of the Salt and
Gila Rivers. The water levels in this'area were practically at the
surface of the ground, With flo1'1 in the Salt River, until 1947. J'hen
a ·gradual decline started, and it is expected that the rate of this
decline will increase as the effect of pumping in the Maricopa area
is transmitted along the Gila River to the junction with the Salt
River. It is probable that the water table cannot be lowered more
than 100 feet belmv ground surface \vi thout an increase in the salt
content sufficient to make' the :water unfit for use. If Colorado, River
water is brought into the basin, the ground-water levels probably will
rise to the surface of the ground in 10 to 20 years.

Figure 8 shows the water-level fluctuation between secs. 4 and 5,
T. '1 N., R.. 2 iN., near Liberty and about 10 miles below the junction
of the Salt and Gila Rivers. Water levels in the river-bottom portion
of this area were practically at the surface of the ground and there
was flow in the Gila River until 1947. The withdrawal of nearly all
surface flow from the river, together with the expanding effect' of
upstream pumping, caused the water levels to start declining during
1947. This decline of the water table will continue until the increas­
ing salt content compels a decrease in the water pumped and the abandon­
ment of wells. Then the water table will rise until flow returns in
the river. The only effect of the introduction of Colorado River water
into the area would be' to hasten the return of surface flow.

RESULTS OF INVESTIGATION

The river-bottom vegetation in parts of this area has deteriorated
rapidly during the past few years. A part of' this deterioration was
caused by the rapidly declining water levels, and, in the lower por­
tion of the area, a part may have been caused by a change in the kind
of dissolved solids contained in the ground water. A part of the
deterioration was caused by the burning of large areas during the
past 2 years. Where the water level '\.-ras shallow, the phreatopq.yt~s

in the burned areas recovered rapidly, but in areas where t~e depth
to water was more than 12 to 15 feet and the phreatophytes 'had to '
struggle for their existence, they made little or no recovery after
burning.

The total transpiration lvithin the channel limits was estimated
as 29,000 acre-feet per year under present conditions. This is cer­
tainly a minimum amount because the rates of water use determined
in Safford Valley were applied unchanged to the phreatophytes in
this locality. No allowance was made for the fact that plants in
Maricopa County must use more water than those at the higher
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elevations in Safford Vall~. The estimate must also be considered
a minimum figure because the survey was made at a time of year when
the phreatophytes were practically bare of foliage. It is likely
that a survey made during the summer would indicate a higher density
of gro"rth and, consequently, a higher rate of water use.

Using the water-level profiles and graphs, and considering the
factors previously described, another graph (fig. 9) was constructed
to show the estimated annual transpiration of ground water by the
phreatophytes during the next 50-year period. This estimate was
made to cover two different conditions: (1) a continuation of the
present condit-ions and (2) the possible introduction of Colorado
River water in 1960. In neither case was any allowance made for the
effec'j:.s of wet pycles that will probably occur during the 5b-year
period. The estimate, therefore, represents minimum values. .During
the next 50 years there will probably be several short wet cycles
and there may be a long "yet cycle similar to the period 190)-20.
The effect of a short wet period ID{e the winter of 1940-41 is
shown on figure 3.

The results of the foregoing "york indicate that the IllJ.mmum
average annual transpiration by phreatophytes within the channel
limits during the period 1950 to 1999, inclusive, ,",uuld be:
(1) Without the introduction of Colorado River water - 2~JOOO
acre-feet; (2) with Colorado River water introduoed in 1~0 ­
30,000 acre-feet.

The answer to the third Question asked by the Corps of Engineers,
the amount of water that will be saved if the channel area is cleared
and maintained in a reasonably clear condition, was obtained by again
using data from the experimental work in Safford Valley. Clearing
the phreatophytes from the channel area will greatly decrease the
use of water by transpiration, but will result in some increase in
evaporation. No experimental data vJere available on the evapora-
tion of water from wetted soil surfaces in the Maricopa County area.
A careful study was made of the Safford data and, considering all
the factors involved, it was estimated that the water saved in the
Maricopa County area would amount to about 75 percent of the total
water transpired by the river-bottom growth. The full saving could
be obtained only by constant maintenance of the channel area. This
maintenance would also be required to make the ch:l.nnel effective for
flood control.

Applying the factor of 75 percent to the estimated present
transpiration of 29,000 acre-feet, the amount of water saved by
clearing the phreatophytes would be approximately 22,000 acre-feet
annually. In like manner, the average annual water saving effected
by keeping the channel cleared during the next 50 years would be:
(I} Without the introduction of Colorado River water - approximately
16,000 acre-feet; (2) with Colorado River water introduced in 1960 ­
approximately 22,000 acre-feet. These amounts are minimum savings
because the ccrnputed basic figures for present and future use of
water represent minimum amounts.
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Regarding the fourth inquiry by the Corps of Engineers, the.
amount of salvaged water that would be available for irrigation in
Maricopa County, there is no apparent reason l'thy the entire saving
could not be so used, or the salvaged water could be used to carry
more salt out of the area. It should be noted, however, that because
most of the saving would be effected in the 10l.rer reaches of the
channel where water levels are and will remain the highest, and
phreatophyte growth the heaviest, probably not more than 20 percent
of the salvaged water 1.rould be available to the Buckeye Canal and
possibly another 20 percent would be available to the Arlington
Canal.' The remaining 60 percent would be available to canals and
wells along the Gila River below the Arlington Canal intake, but
within the limits of Maricopa County •

.'-:- ...

- ;

. '~ :.
: ._~.
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FIGURE I. - SECTION OF PROPOSED GILA RIVER

CONTROL CHANNEL SHOWING PLANT TYPES AND
MARCH 1950
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FIGURE 3.-GRAPH SHOWING FLUCTUATION OF GROUN D-WATER LEVEL IN GILA RIVER
CHANNEL, NORTH OF MESA, MARICOPA COUNTY, ARIZONA.
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FIGURE 4.-GRAPH SHOWING FLUCTUATION OF GROUND - WATER LEVEL IN GILA RIVER
CHANNEL, ABOUT' MILE EAST OF TEMPE, MARICOPA COUNTY, ARIZONA.
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FIGURE 5.- GRAPH SHOWING FLUCTUATION OF GROUND -WATER LEVEL IN GILA RIVER
CHANNEL, ABOUT 3 MILES EAST OF PHOENIX, MARICOPA COUNTY, ARIZONA.
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x: FIGURE S.-GRAPH SHOWING FLUCTUATION OF GROUND-WATER LEVEL IN GILA
to- RIVER CHANNEL, SOUTH OF LIBERTY, MARICOPA COUNTY, ARIZONA.
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FIGURE 9 - GRAPH SHOWING ESTIMATED FUTURE ANNUAL TRANSPIRATION FROM
GROUND WATER BY PHREATOPHYTES IN PROPOSED FLOOD - CONTROL CHANNEL
BETWEEN GRANITE REEF AND GILLESPIE DAMS, MARICOPA COUNTY, ARIZONA.
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UNITED STATES ARMY CORPS OF ENGINEERS

LOS ~ijGELES DISTRICT

ALLOCATION OF COSTS

GILA AND SALT RIVERS, GILLESPIE DAH TO NcDOWELL DA.i'1 SITE, ARIZONA

To accompany interim report on survey for flood control, Gila and
Salt Rivers, Gillespie Dam to McDowell Dam site, Arizona, dated
December 4, 1957
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GILA.. AND..·.3ALT·.RlvERS·, .GILLESPIE IjAM TO .MbDOWELL DAM SITE, .ARIZONA..
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1. This' appendix cont~ins a discussion of the ~ethod of allo­
cating th~ first' costs and annual charges for the improvements recom­
mended for .construction along the Gila.and Salt Rivers. from. Gillespie
Dam to Granite Reef Dam, Ariz.

3. The report, "Proposed' Practices for Economic Analysis of River
Basin Projects," prepared by the Subcommittee on B~nefits'ahd' Cbsts,
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 carr,y at least its
separable cost; and within these maximum and minimum limits, by pro­
Viding for proportional sharing of the savings resulting from multiple­
purpose development." The amount of benefits used as a basis for -the
allocation is limited by the costs of available single~purpose alter­
native projects.

2. The recommended plan of improvement provides for .(a)· short
levees along Salt River between 40th Street, Phoenix, and Tempe Butte,
T~mpe, and (b) channel improvements along Gila .and Salt Rivers from
Gillespie Dam to Granite Reef Dam. The channel.improvements would
consist ,of a cleared floodway and two low-flow channels. Flood­
controT benefits would result from the construction of all'features
of the recommended plan. Water-conservation benefits would result
only from the cleared floodway. The short levees and the low-flow
channe+~.. would prov~~e flood-control benefits only. The first. cost
of the recommended plan is estimated at $3,570,000 .. (October 1957) and
the average annual cost of maintenance and· operation at $53,000
(October 1957). The first cost of the' cleared floodway, not including
the,cost of the low-flow channels, is estimated at $1,150,000 (October
1957) and the a~erage annual cost of maintenance and oper~tion~at
$48,000 (October 1957).

4. The method consists of (a) determining the sep~rable,cost of
including e~ch function in the'multiple-purpose project and (b)-deter­
miping an equitable'distribu~ionof joint costs incurred'for sever~l

purposes in common. The separable cost for any purpose is defined a~

the difference between t~e cost of the multiple7purppse project as a
whole and the cost of the project with that purpose omitted.

5. The following table summarizes the calculations in the
determination of allocation of costs for the recommended plan:



Flood Water
Item control conser- Total

, vation

ALLOCATION OF .ANNUAL COSTS

1. Benefits (average annual) •• : $226,000 $128,000 $354,000
2. AIternative costs (annual ':

cha.!"ges) •••••••••••••••• ~ : $178,900 .$89,500 $268,400
3. Benefits limited by alte~- ··native costs ••••••••••••• : $178,900 $89,500- $268,400
4. Separable costs ••••••.••••• : $89,400 0 $89,400
5. Remaining benefits : ,:

(item 3 minus item 4) •••• : $89,500 $89,500 $179,000
6. .Allocated'joint costs•••••• : $44,800 $44,700 $89,500
7. Total allocation, project

costs (item 4 and' ··item 6) •••••........••••• : $134,200 $44,700 $178,900,
8.. , Allocation in percent •••••• : 75 25 100

f4 ' ,

c ALLOCATION OF FIRST COSTS

9. Allocated construction
costs •................... : $2,475,000 $825,000 $3,300,000

10. Allocated costs of pre-
'\ authorization studi~s••• : $45,000 $15,000 $60,000

11. Allocated costs of,r~ghts-:

of-way and highway and
utility relocat~ons••••• : $157,000 $53,000 $210,000

ALLOCATION OF MAINTENANCE AL"ID OPERATION COSTS
, ,

12. Allocated annual mainte­
nan,c~ and operation
co~~s••••••••••••••••••• : $40,000 $13,000 $53,000

. .
NOTE:' Giv~~~b~~o~ ~s pertinent i~o~ation on determining ,alterna­
tive cost~ '(item 2), separabl~.costs (;item 4.), allocated joint costs
(item 6),. and allocated construct;ion.costs (item 9).

. r'
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Item 2 - Alternative cost

Flood control
Average annual charges for recommended plan

of improvement••••• ~ •••••••••••••••••.•••••

Water conservation
First cost and total investment of cleared

floodway....•........•..•........•.........

Average annual charges:
Interest and amortization of investment

in 50 years at 2t percent (.03526
times investment) ••••••••••••.••.•••••

Maintenance and operation•••••••••••••••

Total average annual charges •••••••

Item 4 - Separable costs (separable cost is difference
between cost of multiple-purpose project and the cost
with purpose omitted)

Average annual charges for multiple-purpose project
(recommended plan of improvement) •••••••••••••••

Separable cost of flood control:
$178,900 minus $89,500 =

Separable cost of water conservation:
$118,900 minus $178,900 =

(No cost is involved in inclUding water­
conservation features in recommended plan of
improvement.)

Item 6 - Allocated joint costs

Total of joint costs (total charges" for project,
$178,900 minus total of separable costs,
$89,400) =

Joint costs are then allocated in same proportion
as remaining benefits.

Item 9 - Allocated construction costs

Total construction cost =

Allocation of construction costs is in same
proportion as item 8 (allocation in percent).

Allocation of items 10 through 12 are in the
same proportion as item 8.
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$178,900

1,175,000

41,500
48,000

89,500

178,900

89,400
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89,500
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6. Costs of the recommended plan allocated to flood control
were further allocated in accordance with" the"'ge~er8.l policies'
expressed in acts of Congress. The cost of the construction items
allocated to £lqod"control-wou1d .be",borne by. the tin:tte'ci 'States. The
cost of the ,l)ighway and utility .relocation, the "costs of lands, ease­
ments', and rights-of-way, and the cost of maintenance and operation
would be borne by local interests. The costs of'~ll,preauthorization

studies are co~side~ed in this r.eport to. be nonreimbursable and thus
would ,b~ borne,Qy,the United States•.

7. On the basis of present (October 1957) costs,. that part of
the constructio~cost ,that is alloca.ted ,to the United States for
flood control would theref~r.e amount to'$2,475,OOO, which consti­
,tu.te~. 75 perc~nt of the esti.In&ted construction, cost. The allocated
·fi~~t cost to lQ~al .tnt~r~sts for~lood control for, rights-of-way
arid for highway and utility relocations would be $157,000. The first
cost to loc~,.tnterests for.water conservation would be $878,000, of
which $825,000 (25 percent of the estimated total construction cost)
would be for co~struction and $53,900,would be·for right~-Qf-way and
for highway and. utility relocations;. '" . . -, ", ':" -. .

8. It is proposed that local interests (a) provide' all rights­
of-way and ~ for the coat of highway ~d utilityrelocat~9ps and
(b) be permitted to repay tnat part (25 percent) pf ,the to~al cost

, . of' 'construction aliocated to water' conservation, in' 40 years without
interest.

"

9. Under the proposed allocation of costs, the United States
would construct the levee and c~~el improvements at an estimated
Federal construction cost of $3,300,000 (Oct0ber 1957). ~ocal
interests would (a) provide necessary rights-of-way and pay for the
cost of highway and utili~y reloca~ions at a cos~ estimated ~t

$210,000 (October 195,7);, .(b) mail:J.tain ~d operate the im:provements
at an average annual cost estimated at $53,000; f3lld (c) repay
25 percent of the total construction cost in 40 equal annual p~ents
without interest. On the basis of October 1957 pr:j..ces,.t1:le estiIJ1.B.ted
amount of $825,000 would be repaid in 40' equal annual 'payments of"
$20,625. The allocations and repayments would be adjusted on the
basis of actual' c~ns~ruction,c~sts.

"'"
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UNITED STATES ARMY CORPS OF ENGmEERS

LOS ANGELES DLSTRICT

RESOLUTION BY LOCAL INTERESTS

GILA AND SALT RIVERS, GILLESPIE DAM TO McDOWELL DAM SITE, ARIZONA

To accompany interim report on survey for flocx:i control, Gila and
Salt Rivers, Gillespie Dam to McDowell Dam site, Arizona, dated"
December 4, 1957.
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RESOLUTION

WHEREAS, Section 6 of Public Law 761, 75th Congress, approved June
28, 1938, authorized the preliminary examination and survey for flood
control on Gila River and tributaries, Arizona and New Mexico; and

WHEREAS, a preliminary-examination report on Gila River and tribu­
taries, Arizona and New Mexico, indicated the advisability of a flood­
control survey of the entire Gila River Basin, including the area 'along
Gila and Salt Rivers between Gillespie Dam and McDowell Dam site; and

WHEREAS, an interim report on survey, flood control, Gila and Salt
Rivers between Gillespie Dam and McDowell Dam site, has been a:uthorized
by the Chief of Engineers, United States Army; and

WHEREAS, Section 3 of Public Law 738, 74th Congress, provides that
no money appropriated shall be expended on the construction of any
project until States, political subdivisions thereof, or other respon­

. sible local agencies have given assurances satisfactory to the Secre­
tary of the Army that they will assume certain enumerated obligations;
and .

WHEREAS, Section 3 of House Bill 254, 19th Legislature of the
State of Arizona, authorizes Maricopa County to cooperate with the
United States by assuming certain obligations in connection with flood­
control projects built at the expense of the United States on Salt and
Gila Rivers; and . .

WHEREAS, Protection against flood damages would be provided for
property along Gila and Salt Rivers in the County of Mctricopa, State
of Arizona, by flood-control improvements considered for construction
by the United States .?lo.ng (lila and Salt Rivers between Gillespie Dam
and McDowell Dam site; and

NOW, THEREFORE, BE IT RESOLVED by the Board of Supervisors of
Maricopa County, that, if a flood-control project consisting of
levees, channel rectification, and channel clearing along Gila and
Salt Rivers be found economically feasible and be authorized by act
of Congress, the County of Maricopa will participate to the best of
its ability by assuming the following obligations:

(a) Acquire and provide, without 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 and the cost of performing
the work required under item lib" below is presently estimated at
$194,000;

(b) Perform, without cost to the United States, all necessary
utility and highway relocations and all necessary street modifications
required in connection with the project;



(c) Hold and save the United States or any instrumentality,
department, or agency thereof, free from any claim for damages aris­
ing' from the construction; 'maintenance, and operation of the,~roject;

(d) Maintain and operate, upon completion, all works in ac'cord­
ance with regulations prescribed by the Secretary of the Army;

(e) Establish and enforce flood-channel limits and regulations
satisfactory to the Secretary'of the Army for the protection of :~he

flood-carrying capacity of the chamel;

(f) Enter into a contract with the United States for repayment
of the costs allocated to water conservation,' such costs, estimatede at $810,000, to be repaid, without interest, in 40 equal annual pay­
ments of $20,250; and

BE IT FURrHER RESOLVED, That this resolution be entered', in the
minutes of the Board; 'of Supervisors of the County of Maricopa.~a:rrd

that the Clerk of said county be, and he is' hereby directed to1tor­
. ward a certified copy of this resolution to the 'District Engineer,'

Los Angeles District, Corps of Engineers, U. S. Army, P. O. Box
17277, Foy Station, Los Angeles 17, California.

Passed and approved by the Boa~d of Supervisors of the County
of Maricopa this 16th day "of July, 1956.

','

Approved this 16th day of July, 1956.

/s/ James: G. Harth
Chairman, Board of Supervisors

; r
' ..;:.:•...
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UNITED STATES ARMY CORPS OF ENGINEERS

LOS ANGELES DISTRICT

COMMENTS OF OTHER AGENCIES

GILA AND SALT RIVERS, GILLE.SPIE DAM TO McDCWELL DAM SITE, A..1UZONA

To accompany interim report on survey for flood control, Gila and
Salt Rivers, Gillespie Dam to MeDol-Tell Dam site, Arizona, dated
December 4, 19~7.
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GILA AND SALT RIVERS, GILLESPIE DAM TO McD~JELL DAM SITE, ARIZONA

OTHER AGENCIESo FCOMMENTS

This appendix includes the comments of other
Federal and State agencies on the interim report
on survey for flood control along the Gila and
Salt Rivers from Gillespie Dam to the McDowell
Dam site in Arizona. The report was initially
submitted for review and comment in June 1951,
was subsequently revised in September 1953,
and was resubmitted for review and comment in
December 1957. Where pertinent, replies of the
United States Army Engineer District, Los Angeles,
are included.



UNITED STATES
DEPARTMEl\!T OF THE INTERIOR

BUREAU OF RECUU1ATION

REGION III
BOULDER CITY, NEVADA

-" .. ',

District Engineer
Corps of Engineers, U. S. Army
Los Angeles District
751 South Figueroa Street
Los Angeles 17, California

Dear Sir:

July 26, 1951

As requested in your letter of June 28, 1951, the "Interim
Report on Survey, Flood Control, Gila and Salt Rivers, Gillespie Dam
to McDowell Dam Site, Arizona", has been reviewed by this office.

The Bureau of Reclamation has been car~-ing;on investigations
for a number of years in this part of Arizona, in connectiori with the
Salt River Project and the proposed Central Arizona Project. The con­
struction of almost any type of flood control works in the reach of
the Gila and Salt Rivers covered by your report would necessitate at
least minor changes in our plans for irrigation development.

We agree with your sta.tement that even a minor flood passing
through this reach of river in its present condition wouid'cause consid­
erable damage to. residential, industrial and agricultural developments
located near the :dv-er"chanhel. .

I

The flood control improvements which would be provided under
your recommended plan consisting of (1) short levees along Salt River
between 40th Street, Phoenix, and Tempe Butte, Tempe, and (2) channel
improvements along Gila and Salt Rivers from Gillespie Dam to Granite
Rock Dam, would benefit present irrigation developments in the area
and could be coordinated with potential irrigation developments under
consideration by this office.

We note that you conclude that the addition of flood control
storage to the required terminal storage is justified in the potential
McDowell Dam and Reservoir, which is a feature of the Bureau of Recla­
r~tion plan for development of the Central Arizona Project. Also, you
recommend that flood control storage be included in the reservoir when
the project is authorized for construction. The Bureau plan provides
for flood storage capacity of 390,000 acre-feet.
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Your plan of development for the multiple-purpose McDowell
Dam and Reservoir differs somewhat from that of the Bureau of Recla­
ma~ion, which introduces a number of problems related to design~ allo­
cation of storage, and allocation of costs which we believe shouid be
r,eso1ved before the project is constructed. One problem in particular
is the effect of the reservoir on Stewart Mountain Power Plant, to which
effect we have been unable to find a reference in your report. This
plant, having a capacity of 10,400 kw would b~, cqrnp1ete1y inundate¢!.' ,a,~
your maximum proposed water surface elevation of 1486, ve feel that: it
would be impracticable to protect this pi~nt against' complete' inunda~ion
and, therefore, abandonment of the plant would be necessary'if the
McDowell Dam were constructed to the height recommended. Abandonment
of the power plant would necessarily require inclusion in the cost of
the project of a sizeable amount to reimburse the Salt River Valley,
Water Users' Association for its loss. We question whether the con­
struction of protective works for the Stewart Mountain Power Plant
above elevation lL~43 could be :~con()~ibal1y justified.

Very truly yours,

:."

~.L •

.;.

': 'L '

,.,f'

, ,

/S/'c.' A. Bissell
C. A. Bissell
Acting Regional Director

, '

... ':
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SPLGD

Mr. C. A. Bissell
Acting Regional Director
United States Bureau of Reclamation
Boulder City, Nevada

Dear Sir:

f:-.

6 August 1951

Thank you for your letter of 26 July 1951 commenting on the interim
report on survey, flood control, Gila and Salt Rivers, Gillespie Dam to
McDowell Dam site, Arizona.

It is noted that you agree that the flood-control improvements which
would be provided under the recommended plan would benefit present irriga­
tion developments in the area and that you state that those improvements
could be coordinated with potential irrigation developments under considera­
tion by your office.

You state that our plan of improvement for the multiple-purpose McDowell
Dam and Reservoir differs somewhat from the plan of the Bureau of Reclama­
tion. Inasmuch as the Corps' report did not recomn~nd construction of the
multiple-purpose reservoir at McDowell site at the present time because of
the imponderable political, legal, and economic considerations, it was not
believed necessary to resolve all of the problems of design, allocation of
storage, and allocation of costs. We agree that before the project is con­
structed, agreement must be reached on these points.

With regard to the effect of the reservoir on Stewart Mountain Power
Plant, we had noted that your report on the Central Arizona Project, page
R62, states that "it is considered the reduction in inflo'lilT to Stewart l'1oun­
tain Power Plant might make it impractical to continue operating this unit,
and consequently, the 'total output would be lost." On the basis of this
statement in your report, and on other factors, this office did not believe
it necessary to provide for the protection of the power plant. Here again
is a matter to be resolved prior to the construction of the project.

A copy of your letter will be forwarded to the Chief of Engineers,
Washington, D. C., for his consideration.

Your promptness in reviewing the report and submitting your comments
is appreciated.

Very truly yours,

JOHN R. JANNARONE
Lt. Col., Corps of Engineers
Acting District Engineer



Refer to: SPLGD 800.92 (Gila &, ','
Salt Rivers - Gillespie Of.

Dam to HcDowell Dam Site) ° °

December 11, 1951 ' , r;i'"

Dear Sir:

- I ~

:.:: :.. ,..- ..

/: '.. :-. .,.~. .; .. :

.. -.... :.. ;: ..

. ,=.'

. ~ ,y' ~ .. ' : :: ....

UNITED STATES
DEPARTNENT OF THE INTERIOR

BUREAU OF RECLA}~TION

REGION III
BOULDER CITY, NEVADA

District Engineer
Corps of Engineers
Los Angeles District
751 South Figueroa Street
Los Angeles 17, California

The revisions to your "Interim Report on Survey, Flood
Control, Gila and Salt Rivers, Gillespie Dam to McDowell Dam Site,
Arizona, dated June 8, 1951, have been received and reviewed by this
office.

As stated in our letter of July 26, 19?1;:t\~e,.. believe·. that
the flood control improvements which would be provided under your
recommended plan consisting of, short levees along Salt River between
40th Street, Phoenix, and Tempe Butte~ Tempe, and channel improv.ements
along Gila and Salt Rivers from Giiiespie Dam to Granite Reef Dam,
would benefit present irrigation developments in the area and could be
economically coordinated with po~en~ial irrigation developments under
consideration by this office. '"
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There is no doubt that the construction recommended in your
report would alleviate damage to residen~~al, industrial, and agri­
cultural developments located near the rIver channel in case of a
flood.

We agree that if the McDowell Dam is to be built for terminal
storage as a unit of the Central Arizona Project consideration should
be given to increasing the capacity to provide for flood control stor­
age. Also, in view of the recent improvements made at Horseshoe Dam
by local interests it might be desirable to include some water conser­
vation storage in the McDowell Reservoir. However, we believe that
there are a number of problems related to design, allocation of storage,
and allocation of costs which cannot be firmly resolved at this timee
A detailed comparison of cost estimates of the McDowell Dam as planned
by the Bureau of Reclamation and the larger structure considered by
your office has not been made. However, we do not feel that your



. r',

statement that the larger structure recommended in your report can be
built for one percent more than the structures presently considered
by the Bureau is based on entirely comparable hypotheses. It is
realized that the river channel spillway in the Bureau of Reclamation
plan is a relat~v~~y expensive structure, but it is believed that silt­
ing da~ge to the Granite Reef forebay and the canal system would be
much less in case of high flood flows than with the detached type spill­
way proposed in your report. This office has not made subsurface in­
vestigation at the weir location but it is believed that the discharge
channel would require substantial protection to prevent erosion.

The "Report on Central Arizona Project" recognizes the reduc'­
tion of power output of the Stewart Mountain Powerplant due'to diversion
above this plant and provides for replacement of energy equal to the
reduction.;, ,It is also recognized, that the flow remaining after the up­
stream.,oiversion is,made might not be sufficient for economic operation
of this plant, although that remains a question at this time. If it is
determined that it would be economical to operate the Stewart Hountain
Powerplant after the Salt-Gila diversion is made and McDowell Dam con-'
structed as planned by the Bureau, and further, that increasing the
capacity to that con~emplated by the Corps of Engineers 'would force
abandonment of the plant, then we believe that adjustment or'compensa­
tion to the Salt River Valley Water Users' AssoCiation, in addition'to
that contemplated by the Bureau, would be necessary, and that the cost
of such additional adjustment should be a charge against the increased
flood control storage capacity.

, We wish to ,call,your attention to the fact that the name
McDow~ll Dam and Reservoir has been changed to Maxwell Dam and 'Reser­
voir.

Sincerely yours,

/s/ E. G.Nielsen
E. 'G. Nielsen
Acting Regional Director

.....~, .

, ,
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Thank you for Mr. Nielsen's letter of 11 December 1951 commenting
upon the interim report on flood control, 'Gila and Salt Rj..vers, Gil- "
lespie Dam to McDowell Dam site, Arizona.

It is noted that you believe that the flood-control improvements
that would be provided under the recommended plan would,benefit present
irrigation developments in the area and could be' economically cOQr­
dina ted with potential irrigation developments under consideration by
your office.

." .

28 December 1951

'.\ .., ..'.,

, ~ .. ~

SPLGD

,. :'. -

. • ' 'i"
• ,.,J

r-1r •..E.., ,A. Moritz
Regional,Dir~ctor, Region' 3
Do: B. Bureau of Reclamation
BOUlqer City, Nevada

Dear ,Sir:

You state that the silting dar~ge to the Granite Reef forebay,anq
the canal system would be much less in case of high flood flows if a .
river channel spillway were constructed as contemplated in the Bureau
of Reclamation plan than if the detached-type spillf2y were constructed
as proposed by the Los Angeles District. McDowell Reservoir, as con­
templated in the report of this office, would reduce the standard
project flood of 290,000 cubic feet per second to a peak outflow of
82,000 cubic fe~t'per ,second. The chance of occurrence of such a flood
is very small. The entire discharge of such a flood and all lesser
floods would be through the outlet structure in the river channel and
no flow would be over the spillway. On the infrequent occurrence of
floods larger than 290,000 cubic feet per second, only discharges in
addition to those passing through the outlet structure would pass over
the spillway. If a large flood resulting in flow over the spillway
were to occur, such spillway discharge would probably erode the dis­
charge channel above Granite Reef diversion dam. It is doubtful whether
much water would be diverted into the canals during the period of high­
water stages in the river. After the recession of the high water, the
entire 672,000 acre-feet capacity of the reservoir reserved for flood
control would be emptied at the rate of 82,000 cubic feet per second.
This uniform flow would tend to sluice the river channel above

You agree that if the ?fcDowel1 Dam is to be built f'or termin,al,
storage as a unit of the Central Arizona Project, considera~ion should

.be given to increasing the capacity to provide for flood-control and
water-conservation storage. You also state that there are a number of
problems related to design, allocation,of storage, and allocation of

.,:costs that cannot be firmly resolved at this time.



Granite Reef Dam and transport the sediment downstream from the,. canal
intakes. Therefore, it was not considered economical or necessary to
provide substantial protection to the discharge channel at the detached
spillway location.

With regard to the effect of the reservoir on Stewart Mountain
power plant, you agree that the flow remaining after the upstre$m
diversion is made (under the Central Arizona project) might not be
sufficient for economic operation of this plant. However, you indicate
that the economy of operating the Stewart Mountain power plant with
that remaining flow has not been finally determined. You further state
(1) that increasing the capacity of McDowell Reservoir under the plan
described in the interim report would force abandonment of the Stewart
Mountain power plant" (2) that additional compensation or adjustment to
the Salt River Valley Water Users' Association would be necessary as a
result of such abandonment, and (3) that such additional compensation
or adjustment should be a charge against flood control. As discussed
at the conference held in Boulder City on 3 October 1951 between repre­
sentatives of the Los Angeles District, Corps of Engineers, and Region 3,
Bureau of Reclamation, the maximum annual loss to the Salt River Valley
Water Users' Association because of the abandonment of the Stewart
Mountain power plant would not exceed <'20,000. This is a minor item in
the justification of flood-control storage at the McDowell Reservoir.

It is noted that the name of McDowell Dam and Reservoir has been
changed to Maxwell Dam and Reservoir. Because the report is dated
8 June 1951, prior to the change in name, the name was not changed in
the report.

A copy of your letter will be forwarded with the report to the Chief
of Engineers, Washington, D. C., for his consideration.

Your promptness in reviewing the report and submitting your comments
is appreciated.

Very truly yours,

W. R. SHULER
Colonel, Corps of Enginee~s
District Engineer

9-8,·. '



DEPARTMENT OF THE INTERIOR

le ..rould appre ciate your furnishing us an extra copy
of the report for use in o~r.Phoenix Development Office.

• • I" '.. I···"'.· . . •...

',' ..

Very truly yours,

''/s/ ·W•. ·H. T~ylor:
'Vol. H. Taylor
Regional Director

9-9

.' REGION 3
BOUL~.ER ~ CITY, NEVADA.

February 6, 19.58

BUREAU ·OF RECLAHATION

~..J', .'~ ~

Re: SPLGP-F

3-700

. Our letters of July 26 and December 11, 19.51 commented
on 'matters connected with the potential McDowell (Maxwell) Dam.
No additional comments are made at this time because so many un- ..
certainties seem to lie 'ah~a~ of its being authorized.

'. ~ve appreciate yotlr courtesy in makin'g .your report·
available for our comment. , :

District Engihe~t:!
Los Ange1es District
Corps of Engineers
P. O. Box 17277, Fay Station
Los Angeles 17, California

Dear Sir:

This office· is pleased to have the opportunity to review
your "Interim Report on Survey for Flood Control, Gila and Salt
Rivers, Gillespie"~:Dam:to McDowell' Dam Site, Arizona", dated
December 4, 19S7~'. which was transnutted to this' region by your
letter of 'Janua~ 8, 19.58.

Our review paid particular attenti9n to Appendixes 4,
.5, and 7, and it was concentrated for the most part on the recom­
mended plan of improvement which provides for (a) short levees
along Salt River between 40th Street, Phoenix, and Tempe Butte,
Tempe, and (b) channel improvements along Gila and Salt Rivers
from Gillespie Dam to Granite Reef n~m. Revision in your present
repor~ to bring costs'up to date and to allocate costs between'
flodd' 'control and 'water conservation are straightforward, and are
not, th~refore, deemed to require comment~ ..



FEDERAL PO"\.llER COMlVIISSION
REGIONAL OFFICE

100 HcAllister street
San Francipco, Calif.

85-Gila
WA#32

July 18, 1951

Lt. Colonel W. R. Shuler, District Engineer
Los Angeles District
Corps of Engineers, U. S. Army
P. O. Box 17277, Foy Station
Los Angeles 17, California

Dear Colonel Shuler:

In compliance with your request of June 28, 1951, your
File NOe SPLGD, we have reviewed your proposed Interim Survey Report
on Flood Control, Gila and Salt Rivers, Gillespie Dam to McDowell Dam
Site, Arizona, dated June 8, 1951. Enclosed are three copies of a
memorandum by Mr. Robert H. Griffin of this office giving his con­
clusions on the proposed development.

Since the developments recommended in your report will con­
sist of levees and channel improvements; the proposed project offers
no possibility for the inclusion of hydroelectric power. However,
your studies do include the consideration of the prospective multiple­
purpose dmn and reservoir at the McDowell site on the Salt River. This
is a part of the Bureau of Reclamation'S Central Arizona Diversion
Project.

Your report suggests certain changes in the McDowell Project,
namely, an increase in the reservoir capaCi ty to provide for more flood
control storace, and the possible addition of storage capacity for
water conservation purposes, as distinguished' from storage required for
terminal use in connection with the Central Arizona Diversion Canal.
Inasmuch as you do not recommend the r1cDowell Reservoir as part of your
proposed plan, Mr. Griffin's only purpose in discussing the McDowell
Project has been to consider the possible effect of the construction of
this reservoir; as a part of the Central Arizona Diversion Project, on
the economics of the levee and stream-channel improvements proposed in
your report.

I concur in the conclusions presented in Mr. Griffin's memo­
randum. Apparently the HcDowell Reservoir, if constructed at present
as a terminal reservoir for the Central Arizona Diversion Project,

9-10



~6uid (offer an economical means of controlling the downstream floods.
The construction of this reservoir depends, however, on so many
imponderable political, legal, and economic considerations that I
believe the project recommended in your report, providing immediate
flood control and water conservation benefits, should be constructed.

Very truly yours,

Lt. Colonel W. R. Shuler

Enclosure:
Copy of memo 7/13/51
RHO to RE (in trip.)

-2:"

Lesher S. v.Ting
Regional Engineer

By /s/ Dan~el J. Fee
Acting

9-11
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FEDERAL P01rJER COI1MISS!ON
SAN FRANCISCO REGIONAL OFFICE

.'
~ .'

8.5-Gila
wAll32 .,. f' •

...f ' .:

.'

HE1'IORAl\mUN FOR THE REGIONAL ENGINEER:
(Through the Engineer-in~Charge)

. ,

Subject: Investigation - U. S. Engineer's Survey Report
on Gila River Basin (W. A. No. 32)

Introduction
. .

On June 29,. 19.51, this office received from the Corps of
Engineers in Los Angeles an "Interim Report on Survey, Flood Control,
Gila and Salt Ri vers, Gillespie Dam to HcDowell Dal11 Site, i\rizona". .'
dated June 8, 19.51. Our informal comments on this report were requested.

This report by the Army is the fifth of a series of interim
reports. Of the other four, three have been completed and one - concerning
the Gila River and Tributaries above Salt River - is under consideration.
The three completed reports cover Tucson, Arizona and vicinity; Queen Creek;
and Gila River and Tributaries below Gillespie Dam. A final report covering
the entire Gila Basin, and summarizing the several interim reports, is
planned. The area covered by the present report and the other interim
reports is shown on a map taken from the Army's report and reproduced as
Plate 1 of this memorandum.

Basin Description

The Gila River Basin includes the southern half of New Hexico
and part of southwestern Ne101 Hexico. The total drainage area is .58,200
square miles. The Gila heads in the high mountains and flows westerly
across hot, dry, desert areas to its junction with the Colorado. Its
principal tributaries are the Salt, Santa Cruz, and San Pedro Rivers.
The largest tributary of the Salt River is the Verde. The drainage area
of the Salt River at its junction with the Gila is 13,700 square miles;
the area of the Gila at Gillespie Dam, below the Salt River, is 49,600
square miles.

The area considered in the report under review is the Salt
River Valley from the McDowell dam site to the Gila River (38 miles)
and the Gila River Valley from the Salt River to Gillespie Dam (28
miles). The Gila Valley from Gillespie Dam to the backwater of the
proposed Painted Rock Reservoir is also considered as it would be
affected by a dam at the McDowell site. (See map - Plate 1).
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The Gila River and its tributaries are usually perennial
streams at their origin in the higher mountains, but are intermittent
in tnei~lower reaches. Local summer thunder storms occur, but do not
cover .sufficient area to cause major floods. General storms occur in
the winter and may cause large floods. The m~ximum recorded flood at
the Gillespie dam site is 70,000 cfs, although much greater flows have
occurred; and the Army estimates the "standard project flood" at the
McDowell site on the Gila River as 290,000 cfs. The estimate for the
Gila River at Gillespie Dam is 350,000 cfs.

Economic Development

The area affected by the proposed in~rovements lies entirely
within Hariposa County, Arizona, and includes the cities of Phoenix,
Mesa, Glendale, Tempe, Chandler, and Tolleson. Phoenix, the capital
of Arizona, has with its surrounding urban area an estimated 1950
population of 235,000. Irrigated areas in the Salt and Gila Valleys
from McDowell dam site to Gillespie Dam total 320,000 acres. Crop
production is entirely dependent on irrigation, which is in turn
dependent on a highly developed and complex system of irrigation works
including dams, reservoirs, canals, power plants, and numerous deep­
well pumps. A large overdraft of ground water is occurring in the
area at present. .

Prior Reports

Many prior reports on the Gila River Basin, or portions
thereof, are available. Three interim reports by the Army have already
been mentioned. These have been commented upon by this office. Other
important reports are:

Survey Report, Queen Creek Watershed, Arizona,
June 1950, U. S. Department ·of Agriculture

Power f1arket Survey, .Colorado Hiver - Lower Basin,
Part 1 - Power Requirements, flay 1950, Federal
Power Commission, San Francisco Regional Office

Staff Report on the Colorado River Basin, October
1948, Federal Power Commission, San Francisco
Regional Office

Staff Report on Central Arizona Project as pre­
sented by the Department of Interior in its
report of December 1947 -.March 1948, Federal
Power Commission" San Fr~ncisco Regional Of~ice

Report on Central Arizona Project, December 1947, .
U. S. Bureau of Reclamation

The Colorado River, March 1946, U. S. Bureau of
Reclamation
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Plans of the Army Department

The recommended plan of the Army Department consists of
short levees along Salt River between 40th Street, Phoenix, and
Tempe Butte, Tempe; and channel improvements along Gila and Salt
Rivers from Gillespie Dam to Granite Reef Dam. The levees along the
left and right banks of the Salt River would have lengths of 2,000
feet and 16,700 feet, respectively. The height above streambed would
be 2:3 to 28 feet. The leve,ed channel T,Tould accommodate the standard
proj~ct flood,:fo:T. ,that lo.cation 9.f270,000 .cfs.

The channel improvements would consist of a floodway 2,000
feet wide and low-flow channels to reduce stream meandering and assist
in keeping floods in the intended area. The floodway would be con­
structed by clearing river-bottom growths, largely salt cedar, from the
river channel. The floodway would be about 71 miles long. The original
clearing would probably be done by mechanical means, although clearing
by use of chemicals followed by burning is also under consideration.
Maintenance of the cleared areas would be by cultivation of areas where
regrowth occurs. Other means of maintenance such as planting grasses
and pasturing are under study. . " .

It is expected ,that the floodway clearing and maintenance
program would reduce transpiration losses by about 16,000 acre-feet per
year. ·In this area, where a serious and chronic 'Via ter shortage exists,
this water saving is of considerable importance." ::,.

The flooo~ay and levees would not affect any present or future
power development; and offer no opportunity for production of hydro­
electric power.

,r~e District Engineer also investigated the potential multiple­
purpose dam and reservoir at the McDowell site on the Gila River. This
structure is not economically feasible for flood control alone •. However,
it has been proposed by the Bureau of Reclamation as the terminal .
storage reservoir f9r the .Granite Reef aqueduct of the Central Arizona
Project. The Bureau's proposal provides for terminal storage of 142,000
acre-feet, dead storage of 16,000 acre-feet, and flood control storage
of 300,000 acre-feet, giving a total storage of 578,000 acre-feet. The
Army suggestq ,a reservoir of 860,000 acre-feet total capacity, of which
672,000 would be flood control and the remainder allocated as proposed
by the Bureau of Reclamation. The Army also recommends that if the
rlcDowell Reservoir is constructed consideration be given to additional
storage for water conservation purposes, as distinguished from that
required for terminal use.

The Bureau of Reclamation proposed a power plant of 4,100
kilOl.ratts at the fTcDowell site. Additional flood control storage
would not affect· the power.installation. However, if conservation
storage should beprovided.in addition to terminal storage the power
installation would probably be changed. There are other uncertainties

, '
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in connection with this project, especially as to the available
Colorado-River water supply, which is dependent on the final settlement
of the Arizona-California controversy. Any change in water supply
would affect the power installation. It is suggested that further
studies of the power feature be made after (1) the amount of ccnscr­
vation storage is determined, (2) the available Colorado River water
supply is definitely known.

Costs and Benefits

The capital cost of the Army's recommended plan is ~'i3,583,000,

of which tl,240,000 is for levees and $2,343,000 for channel improve­
ments. If flood control storage is provided at the multiple-purpose
HcDowel1 site, as suggested by the Army, the incremental capital cost,
for flood control storage, would be ~4,864,000. The annual cost of the
recommended program is estimated at 1';224,800, of which ~)133,100 is
Federal and ~91,700 is non-Federal. The non-Federal costs include
$80,000 annually for floodway maintenance. The additional flood control
storage at the f1cDowell site would increase the total annual costs to
$417,400.

Estimated tangible benefits from the recommended plan are
$262,000, of which flood control gives t166,000 and water conservation
(at 1,,6.00 per acre-foot) gives ~~:;96,000. The addition of flood control
storage at the McDowell site would increase the flood control benefits
to ~;437 ,000, giving a total annual benefits of $533,000.

f".. The benefit-cost ratio of the recommended plan is 1.17, and
of the recommended plan plus McDowell flood control storage is 1.28.

Alternative Plan Considered by FPC

The Army report does not include an estimate of benefits
from the 672,000 acr~~feet of flood control storage in the McDowell
Reservoir without any downstream channel clearing or levees. However,
according to the Army's estimates the annual benefits of the McDowell
Reservoir, considered as an increment to the recommended plan, amount
to ~;271,000. The corresponding annual costs are ~n92,600, givi,ng an
incremental benefit-cost ratio of 1.41.

The benefit-cost ratio of McDowell Reservoir considered as
an increment to the recommended plan is higher than the benefit-cost
ratio for either the recommended plan of channel improvements alone or
the recommended plan plus ·McDo1rle.llReqervoir. T.his .,indicates that
flood control' ·storage 'at t1cDowell Rese'rvoir, assuming this reservoir
construc·ted. as a part of the Cen:tra-l. :Arizona Project.,. might be the
most economical meaps.of. controll;ing ;floods in t).1e stretch of river'
under ·consideration•. Tl}il3 .conclusion can.not be.'check~d without
detailed studies of the benefits which would be produced by flood
control storage at McDowell Res~rvoir operating without downstream'
improvements. These studies cannot be made in this office because
the necessary data are not available.
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Cost estimates in the Army report show conclusively that the
t1cDowell Reservoir is not feasible as a single-purpose flood control
project. If this reservoir were con~tructed as a part of the Central
Arizona Project, and if detail studies show that the addition of flood
control storage lvould be the most. economical means of preventing flood
dam1;l.g~S, the ,most desi.rable project 1-Tould depend primarily upon the
reiai~Ye. tinli~g.of,.the, 2en~.r§l-1 Ar;izona Proj<?ct and the proposed flood
.controLmeasures. i If the· Central Arizona Project 1vereto be constructed
immediately,' it is possible that flood control could be obtained in
connection with the McDowell Reservoir and that the remaining benefits
available for the channel improvement l'JOuld not be sufficient to make
this work feasible. However, if the Central Arizona Project is to be
indefinitely delayed, it would'be desirable to proceed with the channel
improvements as recommended by the Army. This would allow immediate

. realization of the water-qo~servationand flood-cont~ol benefits •

. ····il bill authorizing the Central Arizona Project' has pa,ssed the
United States Senate. However, the House Interior Committee has voted
16 to 8 not to consider the project further until the Arizona-California
dispute over water rights in the Colorado River has been settled. It
is evident that authorization of the Central Arizona Project (including

, McDowell Reservoir) depends on many imponderable political, economical,
and legal factors; and may be indefinitely delayed. It is, therefore,
believed that the Army's recommended plan is the most appropriate for
existing conditions.

Summary . :.

The Los Angeles District Office of the Corps of Engineers
has submitted to us for informal comments its "Interim Report on
0urvey, Flood Control, Gila and Salt ~ivers, Gillespie Dam to McDowell
Dam"Site, Arizona" June 8, 1951. This report is the fifth of a series
of interim reports which will be followed by a final report covering
the entire Gila River Basin. .

The report under review reconrraends construction of a cleared
floodway 71.miles in length between Granite Reef Dam on the Salt River

, ,~nd Gillespie Dam on the Gila River. ·Also recommended is construction
. 'of, short levees on the right and left·banks of the river near Phoenix,

with lengths:,of 16,700 and' 2,000 feet, cr" espectively. The estimated
capital cost of the recomraended project is ~3,583jOOO; the annual cost
is ~)224,800; annual benefits are ':,;262,000; and the benefit-cost ratio
is 1.17. The recommended plan would have no effect on present or future
power developments, but offers no opportunity for power generation.

The Army also investigated the proposed McDowell Reservoir on
the Salt River. This r~servoir is not economically feasible for flood
control purposes alone. However, if it should be constructed as the
terminal reservoir for the Bureau of Reclamation's Central Arizona
Project, the provision of flood control 'storage on an incremental basis
would be feasible. The addition of this flood control storage to the
Army's recommended project would give an overall benefit-cost ratio of
L~~,.: "
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• The McDowell Reservoir, if constructed at present as a ter­
minal reservoir for the Central Arizona Project, with the suggested
flood-control capacity would apparently provide an economical means
of controlling floods in:the stretch of river considered. Since con­
struction of the reservoir depends on many imponderable political,
legal, and economic factors it is believed that the Army's recorrunended
plan, providing immediate flood control and water conservation benefits,
is preferable under present conditions to the Bureau of Reclamation's
plan for McDowell Reservoir.

A power development of 4,100 kilowatts has been proposed by
the Bureau of Reclamation at the McDowell dam site. Further investi­
gation of this proposed installation should be made if conservation­
storage is to be provided at the McDowell Project, or if the amount
of Colorado TIiver water available for the Central Arizona Proje~t is
definitely determined.

Robert H. Griffin
Senior·Hydraulic Engineer
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FEDERAL SECURITY AGENCY
PUBLIC HEALTH SERVICE

Norman Building
Dallas, Texas

.July la, 1951

w. R. Shuler
District Engineer
Los Angeles District
Corps of:Engineers
P. O. Box'17277, Foy Station·
Los Angeles 17, California

Dear Sir:

We are pleased to acknowledge the receipt of the proposed Interim
Survey Report on Flood Control, Gila and Salt Rivers, Gillespie Dam
to McDowell Dam site, Ar.izona, dat~d June 8, 1951.

Your courtesy in supplying this report is greatly appreciated and we
find it a valuable reference work.

Very truly yours,

/s/ R. F. Poston
R. F. Poston
Senior Sanitary Engineer
Officer in Charge
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UNITED STATES
DEPARTMENT OF THE DTERIOR

NATIONAL PARK SERVIC E
Region Three

Santa Fe, New Mexico

July 25, 1951

Lt. Col. W. R. Shuler
District Engineer, Los Angeles

District
Corps of Engineers, U. S. Army
P. O. Box 17277, Foy Station
Los Angeles 17, California

My dear Colonel Shuler:

Reference is made to your letter of June 28 (your file
reference No. SPLGD) addressed to our Regional Director, Region 4, in
San Francisco. As explained in rtr. E. M. Hilton's letter of July 3
to you, your Interim Survey Report and Appendices on Flood Control,
Gila and Salt Rivers, Gillespie Dam to IvIcDovlell Dam Site, June 6, 1951,
transmitted with your above letter, was forwarded to this office for
review and informal comment.

No National Park Service area or direct interest will be
affected by the flood control features proposed. However, the entire
Salt River Valley, from above the proposed McDowell Dam to the con­
fluence with the Gila River, is an area very rich in significant
archeological remains. Along the Gila River also, many archeological
sites are known above the mouth of the Salt River and below Gila Bend;
presumably, archeological remains of importance may be expected to
occur between the mouth of the Salt River and the Gillespie Dam. In
the Gila-Salt channelization work and levee construction from Granite
Reef Dam to Gillespie Dam, provision should be made for archeological
survey and recovery work before and during construction operations.
A crew of an Archeologist GS-7 or GS-9, and a junior professional
assistant or archeological aid, GS-5, plus occasional use of unskilled
labor as required, for a period of three to six months, should be
sufficient for this, including preparation of a final report. Archeo­
logical investigation of the McDowell Reservoir, as of other proposed
reservoirs of the Central Arizona Project, will have to be made upon
authorization of construction or before; a survey can be done by an
Archeologist and his assistant in two weeks to a month, but it is not
possible to predict how much salvage excavation of archeological sites
will be found to be essential.

The opportunity to review your report has been very much
appreciated.

Sincerely yours,

Hugh M. r1iller
Assistant Regional Director
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"\-' f' .) UNITED STATES
DEPARTME1T OF THE INTERIOR

NATIONAL PARK SERVICE

Region Three
Santa Fe, New Mexico

.' "

January'22, 1958

District Engineer
U. S. Army Engineer District,
P. O. Box 17277, Foy S~ation

Los Angeles 17, California '
t :.••

Dear Sir:

Los Angeles

. '!. ."": ';:

., . , \

1'his refers to Chief ~ Engineering Division, H. vi. Thompson ,'s
letter of January 8, concerning your Interim Report on Survey for
Flood Control, Gila and'Salt Rivers - Gillespie Dam to McDowell Dam
Site, Arizona.

We have reviewed the repo~t and find no reason to change
our comment as was submitted by our letter of July 25, 1951. You may,
therefore, consider '~hose comments as currently, applicable.

~' ,

,. ..•.
.i..

. ;: .
'':.''

! , ':.

" ....."':.

. .' ~., .".'

. \ ..

/s/ John J. Moseley
John J. Hoseley
Acting Regional Chief
Division of Recreation Resource

Planning

"I"

r~ .., I (

'."

.!. , '\ f .

'. ';~'.'" -::'.

"f
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UNITED STATES
DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

Albuquerque, New Mexico
July 16, 1951-

Lt. Col. W. R. Shuler
Corps of Engineers
Dlstrict Engineer
Los Angeles District

- 751 South Figueroa Street
Los Angeles 17, California

Dear Col. Shuler:

vie have reviewed your IIInterim Report on Flood Control for the- Gila and
Salt Rivers, Gillespie Dam to HcDowell Dam Site ll • 'IfJe are particularly
interested in this area because of our cooperative work with several
soil conservation districts in improving the use of land and water
resources. l!,Je are also quite interested in the control of salt cedars
and other useless river-bottom vegetation because it is a serious prob'­
lem in many soil conservation districts here and elsewhere. We have­
made no attempt to check the engineering or economic phases of this
report but the program which you recommend appears to be sound and
should contribute materially to the stabilization and future welfare of
this area.

Before long this Service expects to be called on by increasing numbers
of land owners who need technical assistance in clearing their lands of
these phreatophytes so they can be restored to production of crops or
forage for livestock. Irrigation and other water-using interests are
becoming increasingly concerned about the inroads these useless growths
make on their water supplies. The program which you propose for this
reach of the Gila and Salt Rivers is a much larger test of phreatophytes
so they can be restored to production of crops or forage for livestock.
Irrigation and other water-using interests are becoming increasingly
concerned about the inroads these useless growths make on their water
supplies. The program which you propose for this reach of the Gila and
Salt Rivers is a much larger test of phreatophyte control than has
been carried out so far. We hope that during this operation a few
different methods of control can be tested, for the information that
will be useful in other areas.

If this floodway develops into one like that constructed and maintained
by the International Boundary and Water Commission on the Rio Grande
between Caballo Dam and El Paso, there will be extensive areas of stream
bank behreen the 101v-water channel and the levees on which a grass
cover must be established. This Service maintains a nursery at Tucson
and numerous observational plots throughout Arizona, for testing
various grasses and methods of revegetation. We also intend to under­
take field trials of various methods of revegetating cleared areas so
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they will not be exposed to serious erosion during the conversion from
phreatophytes to useful vegetation. Please feel rree to consult this
office about that phase of your project when you begin operations •

~ ..
The only point' we noticed· 'in your report that seemed open to question
is the value of water, ~,i6 an acre-foot, that is used in evaluating the
channel improvements. This appears to be low for the productive value
of Hater, particularly since farmers in that area now pay from ~)5 to .
$9 an acre-foot for pumped water and the water saved by clearing this '.'
channel will largely recharge underground reservoirs. \"e have not yet ....
made any calculations in this respect but expect to do so during our
current watershed survey of the Gila Basin in aid of flood control. Our
experience in the Pecos and Rio Grade Basins leads to' the conclusion
that the productive value of water in the Phoenix area is much higher
than ~~6 an acre-foot. Since that value shows a favorable cost-benefit ..
ratio there is no need to change it in this report. We mention this
point chiefly because our forthcoming survey report Sor the Gila water-"
shed {nay" carry a higher value on water.

~. l~

We appreciate' the opportunity to review this report and hope· that this
project can get unde.rway soon. Any improvement of this kind will help.
to stabilize the agriculture of this area and should fit in well with
our programs Qf land and water conservation and watershed improvement.

Sincerely yours,

/s/ Cyril Luker
Cyril Luker
Regional Director
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Very truly yours,

Your promptness in reviewing the report and submitting your
comments is appreciated.

23 tJuly 19$1

Your invitation to consult with your office about methods of
revegetation of the cleared floodway is appreciated. When that phase of
the operation is considered, we shall be very glad to avail ourselves
of your services and expert advice.

W. R. SHULER
Colonel, Corps of Engineers
District Engineer

A copy of your letter will be forwarded to the Chief of Engineers,
Washington, D.C., for his consideration.

We note that you question the value of water at 06 per acre-foot.
It is true that the $6 per acre-foot value is a conservative figure, but
not unduly so. The unit value applies to the value of water in Buckeye
and Arlington Valleys and in the areas below Gillespie Dam, all in
Maricopa County. According to the United States Geological Survey (see
page 13 of Appendix 6), "probably not more than 20 percent of the sal­
vaged water would be available to the Buckeye Canal and possibly
another 20 percent would be available to the Arlington Canal. The
remaining 60 percent would be available to canals and wells along Gila
River below the Arlington Canal intake, but within the limits of
Maricopa County." The average value of crops is not so high in these
areas as in the Phoenix area.

Thank you for your letter of 16 July 19$1 commenting on the
interim report on survey, flood control, Gila and Salt Rivers,
Gillespie Dam to McDowell Dam site, Arizona.

SPLGD

It is noted that you state that the recommended program appears to
be sound and should contribute materially to the stabilization and
future welfare of this area.

Nr. Cyril Luker
Regional Director
Soil Conservation Service
U. S. Department of Agriculture
Albuquerque, New Mexico

Dear Sir:



UNITED STATES
DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

Albuquerque, New Mexico
Post Office Box 1348

, ;,.; December 5, 1951

Lt. Col. John R. Jannarone
District Engineer
Los Angeles District
Corps of Engineers
Post Office Box 17277 Foy Station
Los Angeles 17, California,

Dear Colonel Jannarone:

Thank you for providing us with the revised pages for our copy of
your interim report on survey, flood control, Gila and Salt Rivers,
Gillespie Dam to McDowell Dam site, Arizona, dated ,June 8, 1951.

The initial draft of this report was reviel,red in July" 1951, and our
comments were sent to your office on July 16, 1951. ColonelShuler's
'letter of July 23 cleared up the question we raised relative to the,
value of irrigation water used in the report.

We have no further comments ~n ..the report.

Vr;3ry truly yours,

/s/ Cyril Luker
Cyril Luker
Regional Director

','
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Ver,y truly yours,

9-25

/s/ Reed W. Bailey
REED vi. BA ILEY
Director

July 13, 1951

UNITED STATES DEPARTMENT OF AGRICULTURE
FOREST SERVICE

INTERMOUNTAIN FOREST AND RANGE EXPERll1ENT STATION
Forest Service Building

Ogden, Utah

Dear Colonel Shuler:

We have no comments to raise concerning either the report or supporting
appendix material, except to raise a question concerning the evaluation
of benefits anticipated from water conservation to be obtained through
the control of phreatophytes.

Lt. Col. W. R. Shuler
District Engineer
Corps of Engineers
751 South Figueroa Street
Los Angeles 17, California

The report "Interim Report on Survey, Flood Control, Gila and Salt
Rivers, Gillespie Dam to HcDowell Dam Site, Arizona" dated June 8, 1951
has been reviewed with interest since this office has been assigned
primar,y responsibility for a Department of Agriculture flood control
survey of the watershed lands comprising the Salt, Verde, Hassayampa,
and Agua Fria watershed.

We agree fully with the philosophy and reasons stated in paragraphs
101, 102, and 103 on pages 43 and 44. This approach is generally
similar to procedure which we have followed in several surveys, pri­
marily because of our conviction that evaluation of water conservation
should at least partially reflect benefits to the dependent community.
Our question, therefore, does not concern the procedure but rather the
~6 per acre-foot value which seems to be quite conservative in view
of the preponderance of specialized, high value crops produced in the
Salt River area.

'llien funds become available, we expect to initiate a survey of water­
shed lands in this area and since your report contains much basic
data which will be useful to us, we wish to retain your report in our
files unless you prefer that it be returned.

RIFC-INT
COOPERATION
Corps of Engineers
(Gila River)



SPLGD

Mr. Reed W. Bailey
Director, Intermountain Forest and

Range Experiment Station
Forest Service
U. S. Department of Agriculture
Forest Service Building
Ogden, Utah

Dear Sir:

_.. :2~ July 1951

Thank you for your letter of 13 July 1951. commenting upon the
interim report on flood control, Gila and Salt Rivers, Gillespie Dam
to McDowell Dam site, Arizona.

It.is noted that you have no comments to raise concerning either
the report or supporting appendix material, except to raise a. question'
concerning the evaluation of the water-conservation benefits.

r .

It is true that the e6 per acre-foot value is a conservative fig~
ure, but not unduly so. The unit value applies to the value of water...
in Buckeye and Arlington Valleys and in the areas below Gillespie Dam,
all in. Maricopa County. AG~ording to the United States Geological _
Survey (see page 13 of Appendix 6), "probably not more th!m 20 percent.
of -the salvaged water would be availab~e to the Buckeye Canal and
possibly another 20 percent would be available to the Arlington Canal.:
The remaining 60 percent would be availeble to canals and wells along ­
the Gil9-.·.River belol-J the Arlington Canal intake, but within the limits
of Mari'copa County. II The average value. of crops is not so high,. in
these are~s as .~n the Phoenix area.

, . A copy of your letter will be forwarded to the Chief. of Engineers,
vlashington, p•. C•. , for his considerat:i,on.

Your promptness in reviewing the report and submitting your comments
is appreciated.

.," . ... Very truly yours,

T. R. SHULER
Colonel, Corps of Engineers
District Engineer
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"Reference is made to your letter of June 28, File SPLGD, and the
"Interim Report on Survey, Flood Control, Gila and Salt Rivers,
Gillespie Dam to I'1cDovJell Dam Site, Arizona", which was enclosed.

Many of the high water yielding areas of the watershed are within
National Forests. The objective is to administer these lands in
such a way that the watershed function is not impaired. In some
places the vegetative cover is not sufficient to control erosion and
provide for proper watershed functions. In these places we are
taking corrective action as rapidly as possible under present
limitation.

August 9, 19.51Dist.

STATES DEPARTl'1EFT Of AGRlc.m,rrURE
FOREST SERVICE

SOUTIDTESTEm REGION
Post Office Building

,A~buquerque, New Mexico

UNITED

D
COOPERATION
FIARBC
Corps of Engineers-L.A.
Gila River Basin

Dear Sir:

District Engineer
Los Angeles District
P.O. Box 17277, Foy Station
Los Angeles 17, California

In paragraph 20, "Vegetation", you state that "overgrazing has
destroyed much grass, which has been replaced by rabbitbrush and
snakeweed over large areas". This loss of grass has undoubtedly
reduced the rate of infiltration which in turn would increase
surface run-off and summer floods peaks. A program to restore the
grass and herbaceous cover would reduce future flood peaks and aid
in erosion control, and lengthen the effective life of dOvJDstream
structures. We believe the report might include some such state­
ment. This subject has been studied at the Southwestern Forest and
Range Experiment Station at Tucson. These studies at Sierra Ancha
are reported in their report "1atershed Research Aids Salt River
Valley", a mimeographed publication dated 1947.

VIe are interested in your discussion of "Floods of Record" that
listed the flood of 1891 as being the largest. It may be signifi.­
cant that this date coincides with the period of the great increase
in livestock numbers in the southwest. The rather frequent recur­
rence of subsequent floods, the ultimate channel erosion and sedi­
mentation problem of the present, might well be closely associated
with overgrazing and abuse of watershed lands that started before
the tum of the century.



2 - District Engineer - August 9, 1951

It is noted that as a result of the studies covered by the report
the District Engineer recommends: The adoption of a project inc0r­
porating short levees along Salt River between 40th Street, Phoenix,
and Tempe Butte, Tempe, and channel improvements along Gila and Salt
Rivers from Gillesp~e Dam to Granite Reef Dam. He also recommends
that flood-control storage be included in the planning and authori­
zation for a terminal-storage reservoir at the McDowell site.

This office recognizes the 'n~ed for channei clearing and levee work
\ { . j - ~..

where proposed in the report. Improved watershed conditions would
lengthen the life of major channel in~rovements by retaining sedi-

" ment in place on the watershed. This improvement should 'pe accom­
'plished 'not later than concurrently with heavy channel'1rJ'orks. The
flood-control survey by the Department of Agriculture has been
authorized for the area being considered but has not been accomplished.
Early completion of this survey and the program to be proposed for the
watershed is desirable.

This office has no suggestions to offer in regard to the report. Your
kindness in making it available for review is appreciated.

The report (No. 32) is being sent to the Southwestern Forest and Range
Experiment Station, Tu9son, Arizona for review and information. In
case'that offic~ of the-Forest Service has important comments in regard
to the report, these will be forwarded to you.

• l !' r,o -"

, ,

.....

. ',:,'

.' ~

; :.:.',
-, '

Sincere~y yours,

O. OTTO ,LINDH, Regional Forester

~. '. .
'1;•.
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FRED H. KENNEDY, Regional Forester

We appreciate receiving a revised copy of the Interim Report on the
Gila and Salt Rivers which was transmitted by your letter of January 8.

These reports, even though the structures do not affect national-forest
land, complete our file on river basin work and are valuable to us for
reference purposes. We have no comments to make other than those made
in our letter of August 9, 1951.

January 15, 1958

P. O. Box 1310
Albuquerque, New Mexico

UNITED STATES DEPARTr-iENT OF AGRICULTURE
FOREST SERVIC E

SOU~ffi·mSTERN REGION

M
COOPERATION
CORPS OF ENGINEERS

/s/ By W. L. Hansen

Very truly yours,

9-29

Dear Mr. Thompson:

Mr. H. W. Thompson
Chief, Engineering Division
Corps of Engineers
P. O. Box 17277, Foy Station
Los Angeles 17, California



UNITED STATES DEPARTHENT OF -AGRICULTURE
.,,-, . FOREST SERv'Ic"I{·

Washington 2.5, D. C•.

FP
COOPERATION
ICWR, Department of Army
(Corps of Engineers - Gila River)

Mr. H. W. Thompson, Chief
Engineering Division
U. S. Army Engineer District
P.O. Box 17277
Foy Station

.:-.1os Angel~$, .California

AIRMAIL

March 4, 19.58

Dear r1r. Thompson: . r

Several. -Heeks ago you forwarded a draft:· copy of your interim report on
flood control improvements, Gila and Salt Rivers - Gillespie Dam to
McDowell Dam site, Arizona.

This report and your request for review and comment was delayed con­
siderably in reaching me since· I have been absent from my Ogden office
on an extended detail.

I have no additional comments to make on your report at this time.
However, I am forwarding the copy which I received to the Regional
Forester, U. S. Forest Service, Albuquerque, New Mexico, with a request
that he write you directly concerning any comments which he may desire
to make.

Very truly yours,

/s/ Henry L. Lobenstein
HENRY L. LOBENSTEIN
Forest Service Liaison Representative
Pacific Southwest Interagency Committee

." :.
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UNITED STATES
DEPART~~NT OF Ttlli INTERIOR
FISH A1-TD HLDLIFE SERVICE

Office of the Regional Director
Albuquerque, New Hexico

P. O. Box 1306

April 13, 1951

Lt. Col. W. R. Shuler
District Engineer
Corps of Engineers, U. S. Army
Post Office Box 17277, Foy Station
Los Angeles 17, California

Dear Colonel Shuler:

Reference is made to your letter dated 26 February 1951, File
PSLGD 800.92, in which you request our comments on the plan for flood
control to be recommended in your forthcoming report on survey, flood
control, Gila and Salt Rivers, Gillespie Dam to McDowell Dam site,
Arizona.

. It is our understanding that the features to be recomrnended in the
plan would consist of short levees along the Salt River. from 40th Street
in· the City of Phoenix to the City of Tempe, and channel. improvements
along the Gila and Salt Rivers·irom Gillespie Dam to Granite Reef Dam.
The short levees would consist of (1) a levee along the left bap~ of
Salt River for about 2,000 feet from Tempe Butte to the Southern Pacific
Railroad bridge embankment, and (2) a levee along the right bank of
Salt River for about 16,700 feet from the Southern Pacific Railroad
embankment to 40th Street, Phoenix. The channel improvements would con­
sist of a cleared floodway and low-flow channels. A floodway 2,000 feet
in 'width would be created by clearing river bottom vegetation along th~

Gila River from Gillespie Dam to the mouth of Salt River and along Salt
River from its mouth to Granite Reef Dam. Two low-flow channels within
the .cleared floodway, the first along Gila River from Gillespie Dam to
a point about one mile downstream from the mouth of Agua Fria River, and
the second along Salt River upstream from the highway bridge at Tempe,
would be included in the plan. The report will also point out that the
addition of flood control storage at the McDowell Reservoir site (pro­
posed .by the Bureau of Reclamation in a report on the Central Arizona
Project) is justified when a reservoir at the site is authorized and
approved for construction.

The projects briefly outlined above would affect the fish and
wildlife which now exist in the approximately 70 miles of river bottom
lands between Granite Reef Dam and Gillespie Dam. Generally, stream
flows in this reach are low--the r~ver consisting of a shallow, narrow
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ribbon of water bordered by thick and extensive stands of saltcedar
with some willow, cottonwood, mesquite, and arrovJWeed. Except during
flash floods along the lower reaches of the Salt River, the water frem
the river is all diverted at'the Granite' Reef Dam for irrigation of
the area north of the Salt and Gila Rivers:"~ "",:

. Fisheries - The fishery resources of the project site are of little
importance. A.'few channel catfish, bluegills, and large-mouth black
bass are taken from the pools from below the mouth of Salt River. Con­
struction of a low flow channel would probably eliminate this meager
fishery.

lildlife - Wildlife resources are of considerable importance,
especially on that part of the project area below the mouth of Salt
River. Game animals found on the area consist of mourning doves,
white-winged doves, Gambel's quails, cottontails, jack rabbits, and
waterfowl. The upper portion of the project, lying within, and
adjacent to, the Salt River Indian Reservation, contains some quail
habitat ~nd is used for nesting by both mourning doves and white­
winged doves. The entire project area is used to some extent by the
white-winged doves which are found in great numbers along the Gila
River just above the mouth of Salt River. '

Below the mouth of Salt River water is found in the river channel
at all times. The presence of water, cultivated crops north of the
river,imd $uitable nesting cover south of the river makes this a good
habitat for quails. There are:a few areas, of brushland south of the
river which are being cleared,for irrigat~d cropland, but this is still
so limited and scattered that it tends to'improve the quail habitat.
The presence of water along this section of the Gila River attracts a
considerable number of waterfowl during the' fall and spring migrations
and some teals and shovellers winter here. The area is grazed heavily
and this results in limiting the desirable wildlife food and cover
plants as, for the most part, these are taken first by the cattle~

Desert mule deer are found on the higher 'ground south of the Gila
River, but they do not use the proposed project area.

The proposed channel improvements would'nave little effect upon
the wildlife resources of the project site. It would greatly reduce,
but not eliminate, the saltcedar growth along 'the improved sections of
the Salt and Gila Rivers. Saltcedar has'little value to wildlife
except for protection in stormy weather. It provides 'little, if any'
food. It iS,used to a considerable' extent by nesting doves, but mes­
quite serves ,this pu)~ose at least as well. It is assumed that the
reco~nended low flow channel would result in the loss of the present ,
waterfowl habitat along the Gila section of the project.

The Ariz9na Game Department is planning the development of two
:..raterf6wl areas adjacent to the Gila River, 'bet:,'18enthe town of Buckeye'
and Giliespie Dam. It does not appear that the proposed floodway would
seriou'sly affect 'these plans; hOVl8ver, future investigations would
clarify this point.

. >.,'.'
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Recommendations - Provided some other form of vegetation is planned
to help prevent the reestablishment of the saltcedar, consideration
should be given to those species which would have some value to wildlife
as well as serving their primary purpose of retarding the gro~~h of
saltcedar. Continued grazing on the floodway would encourage the
regrowth of saltcedar and limit the wildlife value of the project area.

The proposed plan of improvement would probably necessitate the use
of heavy equipment in clearing the floo0way and constructing the low
flow channel. If, in connection with this work, shallow depressions of
about one-tenth acre could be excavated to below the normal water table
in the floodway area, there would result a considerable waterfowl value.·
Such excavation, if they could be made without reducing the effectiveness
of the floodway, would compensate for the destruction of the existing
waterfowl habitat and create new waterfowl habitat ofa value more than
commensurate with their cost of construction.

Your consideration of fish and wildlife interests in this project
is sincerely appreciated. We would like to have an opportunity to
participate in the future planning for this project at such time as the
project may be authorized.

Yours very truly,

/s/ John C. Gatlin
John C. Gatlin
Regional Director
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. 'UNITED STATES
DEPARTI1CNT 'OF THE INTERIOR

BuREAU OF LAND i1ANAGENENT
Post Office'Bo~ 1695'

Albuquerque, New Hexico

July 26, 1951

L~. Col. W. R. Shuler
, District Engineer
Los Angeles District
Corps of Engineers
P. O. Box 17277, Foy Station
Los Angeles 17, California

Dear Sir:

Reference is made to your letter 'of Jun~ 28, 1951 (File SPLGD),
in which you request our comments on the proposed interim survey' report
on flood control, Gila ,and Salt Rivers, Gillespie Dam to ?1cDowell Dam
site, Arizona, dated '8 June 1951.

He have revievJed the interim report and appendixes (No. 36)
and have no comment to offer. Based upon a review of the report, very
little land under the juriidiction':bf the Bureau of Land Management
will affect or be aff~cted by the contemplated flood control projects
described.

We thank you for the opportunity of reviewing this report
and are retaining the copies for our files and future reference.

Very truly yours,

/s/ Harold T. Tysk
Harold T. Tysk
Acting Regional Administrator
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UNITED STATES
DEPARTHENT OF THE INTERIOR

OFFICE OF INDIAN AFFAIRS
FIELD SERVICE

Phoenix Area Office
P. O. Box 7007
Phoenix, Arizona

July 10, 1951

Colonel W. R. Schuler
District Engineer
Corps of Engineers
P. O. Box 17277
Los Angeles 17, California

Dear Sir:

This is to acknowledge receipt of your letter of 28 June
1951 (File SPLGD) and the transmitte~ copy of the proposed interim,
survey report on flood control, Gila and Salt Rivers, Gillespie Dam
to McDowell Dam site, Arizona, dated 8 June 1951.

Your sending of the copy of the proposed report is
appreciated.

It is noted that practically all of the irrigated lands
and about half of the grazing lands of the Fort McDol-Jell Indian
Reservation would be flooded if the flood-control storage in a
multiple-purpose reservoir at the rlcDowell site is provided.

Also there may be a possibility that improved channel
,conditions on Salt River above its mouth will deliver more water
into the Gila River than the channel of the Gila will. ca,rry away
without backing water up the Gila above the mouth of the Salt and
thus flooding Indian lands. This would be most likely if mainten­
ance on the Gila River portion of the proposed channel improvement
is neglected.

The above comments are offered, although your letter did
not specifically ask for comments.

vllien the time is appropriate for making formal comments
regarding the report, please advise.

Very truly yours

/s/ L. L. Nelson
for Ralph M. Gelvin

Director, Phoenix Area Office
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SPLGD

Mr~ Ralph M. Gelvin
Director, Phoenix Area Office
Office of Indian Affairs
P. O. Box 7007
PhoeniX, Arizona

Dear Sir:

, ",.'

23 July 1951

Thank you for your letter of 10 July 1951 commenting on the· interim
survey report on flood control, Gila and Salt Rivers, Gillespie Dam to
McDowell Damsiteo '" ' .

• ~ " ' I ~.., \:.: !..... , , "',.' , I

The flooding of practically:all of the irrigated lands and about
half of the grazing lands of the Fort McDowell Indian Reservation 'was
given full consideration in the report. Agreement to maintain the entire
cleared channel on Salt and Gila RiversbetvTeen Granite Reef and Gillespie
Dams is one of the conditions that is required of a responsible organiza­
tion of local interests prior to initiation of construction. Therefore,
the probability of Salt River flows' flooding Indian lands 'along Gila
River above'the mouth of Salt River aS'a result of inadequate maintenance
of the Gila River cleared channel is considered unlikely. '

A copy of your letter will be fonrarded to the Chief of Engineer~

Washington, D. C., for his consideration. Formal submission to the
Secretary of the Interior will be made by the Chief of Engineers in
accordance with the Flood Control Act approved 22 December 1944.

Your promptness in ' submitting your conunents is appreciated. .,.

Very truly yours,

·W. R.' SHULER
Colonel, Corps of Engineers
District Engineer
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UNTTED STATES
DEPARTMENT OF THE INTERIOR

OFFICE OF INDIAN AFFAIRS
Phoenix Area Office

P.O. Box 7007
Phoenix, Arizona

Decenmer 11, 1951

John R. Jannarone
Lt. Col., Corps of Engineers
Acting District Engineer
751 South Figueroa Street
Los Angeleo 17, California

Dear Sir:

This is to acknowledge receipt of your letter of 27 November
1951 (file SPLGD) and the transmitted material covering minor changes
in the proposed interim report on survey, flood control, Gila and
Salt Rivers, Gillespie Dam to McDowell Dam site, Arizona, dated
8 June 1951.

An inspection of the changes indicates that they do not
affect the general conclusions which have been made, nor do they
warrant any changes in the comments which this office submitted to
you in our letter of 10 July 1951. However, we take this opportunity
to emphasize the fact that practically all of the irrigated lands
and about half of the grazing lands of the Fort McDowell Indian
Reservation would be flooded if the flood control storage in a
multiple purpose reservoir at the Fort McDowell site is provided. vk
realize that flood control storage is part of an alternate plan which
is not recommended at this time in your interim survey report, but is
proposed for construction if and when the Central Arizona Project's
terminal reservoir is constructed. The flooding of the Fort HcDowe11
Reservation would necessitate moving the tribe of Indians occupying
this reservation, and we doubt that the $300,000 set up in the cost
estimate for Lands, Easements and Rights of Way would be sufficient.

We also desire to call attention again to the possibility
that improved channel conditions and levees along Salt River above its
mouth, as provided in the recommended plan, will deliver a greater
flood peak into Gila River than possible under present conditions and
unless the channel of Gila River downstream is maintained with adequate
capaci ty there may be flooding of Indian lands at the 10'!lTer end of
Gila River, caused by back water from Salt River floods.

Articles 109 and 112 mention coordination with other.agencies.
Statements concerning comments of the Phoenix Area Office of the
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Bureau of Indian Affairs pointing out the situation mentioned above have
not been included. Possibly you have omitted mention of our comments
because you desire that the ,Chief of Engineers decide whether or not
these comments should be included in the interim report.

Very truly yours,

/s/ Ralph M. Gelvin
Ralph l'~ • .Gelvin
Area Director .

'J •

. . .

. .
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Thank you for your letter of 11 December 1951 commenting on the
interim survey report on flood control, Gila and Salt Rivers, Gillespie
Dam to McDowell Dam site.

You state that an inspection of the changes indicates that they
do not affect the general conclusions that have boen made and do not
warrant any changqs in the cownents that your office submitted in the
letter dated 10 July 1951.

28 December 1951SPLGD

Hr. Ralph :N. Gelvin
Area Director
Office of Indian Affairs
P. O. Box 7007
Phoenix, Arizona

Dear Sir:

You express a fear that improved channel conditions and levees
along Salt liver above its mouth, as provided in the recommended plan,
may result in a gr'3ater flood peak on Gila River than possible under
present condh,ioI:;:;; and that unless the cha.;mel of Gila River downstream
is maintained rith ~dequate capacity, bac~"ater from Salt River floods
might flood Indian lands along Gila 7tiver above the mouth of Sslt River.
At present about 90 percent of the dense vegetative grovnh that will be
cleared is in the bed of Gila River. The remaining 10 percent is in
the bed of Salt River mostly near the mouth of the river and near Tempe.

The recommended clearing along Gila River will provide an escape
channel for flood flows and thereby reduce such flooding of Indian
lands as would result from direct flow or from backvrater conditions
created by the present channel growth. Agreement to maintain the
entire cleared channel on Salt and Gila Rivers between Granite Reef and
Gillespie Dams is one of the conditions that is required of a respon­
sible organization of local interests prior to initiation of
construction. Therefore, the probability of Salt River flows' flooding
Indian lands along Gila River above the mouth of Salt River as a result
of inadequate maintenance of the Gila River cleared channel is considered
unlikely.

The flooding of practically all of the irrigated lands and about
half of the grazing lands of the Fort Mc owell Indian Reservation was
given consideration in the report. However, because the report could
not recommend construction of McDowell Reservoir for multiple purposes,
including flood control, at this time, the cost of lands, easements,
and rights-of-way were not investigated in detail o It is also pointed
out that this office considered only the justification of adding



Mr. Ralph M. Gelvin 28 December 1951

flood-control storage to the proposed terminal storage reservoir at the
HcDowell site. Therefore, we vrere concerned mostly with the difference
in cost of construction of a multiple-purpose reservoir and a reservoir

.for terminal storage alone. Furthermore, rights-of-way are only a
relatively minor item in the total cost of the project.

A copy of your letter will be forwarded with the report to the
Chief of Engineers, i,vashington, D. C., for his consideration•..

Your promptness in submitting your co~nents is appreciated •

. Very truly yours,

. '.

e·· , ..

itT. R. SHULER
Colonel, Corps of Engineers
District Engineer

.;



STATE LAND DEPAR.T:l1ENT
STATE OF ARIZONA
PI~OENIX, Al:7IZONA

December 4, 1951

Colonel W. R. Shuler
District Engineer
Corps of Engineers, U. S. Army
751 South Figueroa Street
Los Angeles 17, California

Dear Sir:

Reference is made to your letter of November 23d l..ri th respect to your
report on flood control, Gila and Salt Rivers, Gillespie Dam to ~IcDowell

Dam site, and fO~Narding to me the changes that have been made since
the original interim report was made June 8, 1951.

In connection with this report I wish to advise that I have reviewed
the interim report together with the changes recently forwarded to me,
and I have no suggestions to make with respect to it. I think the work
as outlined in the report, when completed, will afford protection to
the area with the possible exception of extreme conditions. Even under
such extreme conditions the protection afforded will be of material
advantage.

Thanking you for sending me copies of the report, I am

Very truly yours,

/s/ W. vf. Lane
vJ. W. Lane
State Land Co~nissioner
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ARIZONA HIGffi'IAY DEPARTrlliNT

PFOENIX, ARIZONA

February 17th, 1958

Mr. H. W. Thompson
Chief, Engineering Division
U. S. Army Engineer District,

Los Angeles
Corps of Engineers
751 South Figueroa Street
Los Angeles 17, California

RE: SPLGP-F

Dear Hr. Thompson:

Reference is made to your letter of January 8th, with a copy of
the interim survey report for flood control, Gila and Salt Rivers,
Gillespie Dam to HcDowell Dam site, Arizona.

Subject to further st~dy, I had no specific comment at this time
except that I concur with the report in general.

Thank you for a copy of this report and for keeping me informed
on this project.

Very truly yours,

1tllH. E. l'lILLEY
State Highway Engineer

/s/ Martin Toney
MARTIN TONEY
Engineer of Bridges & Dams
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Very truly yours,
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d,to" ,I ... ,
This Department greatly appreciates receipt of this report

and being kept informed of: flood control and· water ,conservation
projects proposed in Califo'rnia and adjoining states.

.,.~ .

The report which proposes constrUction of short levees along
the Salt River between 40th Street, Phoenix, and Tempe Butte, Tempe,
and removal of phreatophytes along th~ Gila ~pd Salt Rivers from
Gillespie Dam. to Granite Reef pam :w;as' i'nspe,cted ivith great interest.
The proposed channel improvement would undoubtedly increase flood peaks
downstream, but would not appear to affect flows in the Colorac.o River
bordering California, especially after compl~tio~ of Painted Rock Dam.
It is noted the report states that removalpf.\ na;tive vegetation along
the Gila and Salt Rivers would increase the safe yield from the ground
water reservoir in the project area.

/s/ Harvey O. Banks
HARVEY O. BANKS
Director

STATE OF CALIFORrJIA
DEPARTl~lT OF WATER RESOURCES

SACRAMENTO .

Reference is made to your letv0r of January 8, 1958, trans­
mitting for our information a copy of your "Interim Report on Survey
for Flood 'Control, Gila and Salt, .Rivers, Gillespie Dam to HcDOI-rell Dam
Site, Arizona," dated December 4,. ~957 "" 1";(

Dear Colonel Newton:

February 4, 1958

Attention: Mr. H. 1rJ. Thompson, Chief
Engineering Division

Colonel Carroll.. ·.T. Ne..Jton, District Engineer
Los 'Angeles Dist:tict
U. S. Army Corps of Engineers
P. O. Box 17277, Foy Station
Los Angeles 17, California



UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
Bureau of Sport Fisheries and Wildlife

OFFICE OF THE REGIONAL DIRECTOR
Albuquerque, New Mexico

P. O. Box 1306
2-RB

AIRMAIL
SPECIAL DELIVERY

Colonel C. T. Newton
District Engineer
Los Angeles District
Corps of Engineers, U. S. Army
751 South Figueroa Street
Los Angeles 17, California

Dear Colonel Newton:

December 2, 1958

The following comments constitute our report on the "Interim
Report on Survey for Flood Control, Gila and Salt Rivers, Gillespie Dam
to McDowell Dam Site, Arizona," dated December 4, 1957, corrected to

August 27, 1958.

The plan proposes shortle"V"ees along the Salt River between
40th street, Phoenix, and Tempe Butte; clearing of a 2,000-foot channel
along the Gila and Salt Ri~ers from Gillespie Dam to Granite Reef Dam
(McDowell Dam Site); and channelization at two sites--one within the
cleared floodway from Gillespie Dam to a point 1 mile downstream from
the mouth of the Agua Fria River and the other, a 2-mile stretch, just
upstream from the highway bridge at Tempe.

. Since the reach of Salt River extending from Granite Reef
Dam downstream through Tempe and Phoenix is onl~ sparsely vegetated,
usually dewatered, and largely within what is rapidly becoming an
urbanized area, its ~ish and wildlife values are considered insig­
nificant.

As a decided contrast, the reach of the Salt and Gila Rivers
downstream from Phoenix is an important wildlife area.

This report is accordingly concernea with the effects of the
proposed project upon fish and on wildlife in the 45-mile reach of the
Gila and Salt Rivers, extending upstream from Gillespie Dam to a point
about 5 miles above their confluence. (See map) It is our understand­
ing that channel rectification and clearing in this 45-mile reach is
proposed for flood control in the immediate agri~~ltural area and is
not essential for flood preYention for the city of Phoenix.
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The extensive desert areas bordering the Gila River Valley
also provide small-game hunting. Howe~~r, if we were to weigh desert
hunting against river-bottom hunting, the river-bottom hunting would
be far superior in terms of hunter success and the variety of small­
game species available.

I ~ •••••

~... ) .:

" ,,'
" . ,i

Colonel Newton - Page 2 - December 2, 1958

Without the project, the 45-mile reach of the Salt and Gila
Rivers will continue to offer some of the finest dove hunting in the
Nation. In a~dition, the area will provide the only permanent source
of waterfowl hunting for a future Central Arizona population that is
expected to approximate 2 million people within the next 50 years.
Substantial quail and rabbit hunting opportunities will also be afford­
ed by this portion of the project area.

Due to dewatering th~te is no fishery in the Salt·River from
Granite Re~~ Dam downstream through the c~ty of Phoenix. Below Phoenix,
the $al t and Gila Rivers retain 'permanent pools. Water quality aiid,;'!,..
habitat, however, are not generally satisfactory for the survival,'of '
significant numbers of game fishes, ~~d the proposed project is not
likely to c~use a significant change in fishing opportunities for th~,

people of the area. _'

Originally, small-game populations in the broad valley of the
Gila were unconfined and well distributed along the many large washes
and tributaries emptying into the Gila River. As agriculture advanced
and more land was cleared and leveled to grow crops, these washes grad­
ually disappeared until at present the only small-game habitat remain­
ing in this valley is restricted to the bottom-land thickets of the
Gila River and to a few of the major washes. .

In recent years there has been a rapid increase in the n~~er
of dove hunters. This increp.se has been,due to the generous bag limit,
an abundance of white-winged' and mourning doves, increased prosperity,
a rapid population expansion, and an overall demand for more recreation.
In view of ;t.h~, aJ;lt:icipa;t;,aArlpopula,lt,ion,gr.o;w~h.,of ,Ma:r3.:copaGo..l,Ulty, to
1,000,000 withi:nl the next.;1,,7 yewrs".,' th~'. jl;Qcptil! :hunti-ng:p+,e$sUJr i~ ;, '
certain to in'll.re~e tremehdqll-sly.'i ,', Atni.00na,L:w,:i:;th a 93. 7 percent 19-;;rear
gain in population, is the Nation's second most rapidly gro~~g state
and the greatest ,par'~':,9frJt?,is ·gro!vtp is..occu,rrP'J.g in, ,tJ1~, /?b,oenix area.
Another factor contribut.-:i;..og to increase.4 fu:t:ure dove us;e will:" 1;Je" ;t~e

necessity for the Arizo~a dame and Fish.D~partment to direct more hunt­
ing pressure on doves as hunting pressure on big game and other species
exceeds the possible supply.

Dove hunting in Arizona is unsurpassed. There is no other
state in which a hunter is permitted to tcKe more than 10 white-winged
doves. Yet, i:q.A.rizona, a bag of 25 white-winged doves is permitted
in ad4~t:iprl>rto;,t~he 10-bird limit of mourning doves. Moreover, no
other 'State ,CaIl( match the Arizona dove 'hunter's success, which in
1957 ~~s 16.4 doves per hunter on the bpening day and 13.0 per hunter­
day fOT the entire season. Doves are ~rnted during t~e entire month

'., of September, and the long season ,and high hunter success attracts
sportsmen from allover the United States.
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Regarding dove hunting, most of the above-mentioned pressure
is and will continue to be centered in one locality. This locality is
the Gila and Salt River bottoms beginning north of Phoenix and continu­
ing along the Gila River to Gillespie Dam. White-winged doves nest in
large colonies in the bottom-land thickets and many winter in this same
area. Large numbers of mourning doves also nest and winter here. More­
over, both white-winged and mourning doves make extensive use of the
area during migration. There is no other place in Central Arizona which
can offer as much hunting opportunity for small game. In 1957, the
Arizona Game and Fish Department calculated 12,597 man-days of dove hunt­
ing in the area, and this use represented only a part of the potential.

For one basic reason, desert dove hunting can never be con­
sidered an alternative or substitute for river-bottom hunting. The
unsurpassed bottom-land hunting is due to the large flights of white­
winged doves which nest in the thickets along the river in concentrated
colonies. In the fall of the year, their feeding flights from roosts
in these thickets to the nearby grain fields provide hunters with the
chance to bag a limit from one stand. These thickets are an absolute
necessity to the maintenance of high-quality dove hunting for the people
of Arizona and for many nonresidents. In fact, this area is one of the
few remaining places in the entire nation where white-winged doves can
be seen in such concentrations.

In view of the foregoing facts, the average annual use of the
1l,500 acres of river-bottom thickets to be cleared in the 45-mile reach
above Gillespie Dam is estimated to be 30,000 dove-hunter-days during a
50-year period of analysis without the project.

Quail hunting is another popular sport in Arizona for which
there is a continual demand for more and better hunting. At present,
quail hunting occurs primarily in the desert areas, not because the
desert provides more quail to hunt, but because the hunting conditions
are more favorable. The mesquite and salt cedar thickets along the Gila
River provide excellent cover and will support very high populations of
Gambel's quail whenever food is av~lable. This bottom-land habitat will
provide a vast reserve of huntable birds for the not distant future when
it will become necessary to manage these thickets more intensively. The
thick growth is presently the primary deterrent to hunters. With some
selective thinning of coppice and other manag~ment measures, the river
bottom will prov~de a more productive area to manage for quail than the
desert areas. The day when such management will be nece.ssary is very
near.

Average annual hunter use of the river-bottom thickets along
the 45-mile reach above Gillespie Dam is estimated to be 2,000 quail'
hunter-days during a 50-year' period of analysis without the project.

Cottontail rabbit hunting, like quail hunting, is also more
popular on the desert simply because hunting conditions are.more favor­
able. The bottom-land thickets, however, provide suitable habitat for
the cottontail, and a future management plan for quail will also benefit
rabbi t hunting. AJ though rabbit h1mting ha,.q not been the popular' sport
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in Arizona that it has been in many of"the easte;;n states, it is·
anticip~ted that with a future increase i~,hunting demand of fut~c

yearsi~is' sport will increase in popularity. Average annual use is
estimated at 2,000 rabbit-hunter-days without the~project.

The Arizona Game and Fish Department has had many requests
from local sportsmen to establish more ::.:..:_~l-game species. At present,
the Department is attempting to establish the chukar partridge in the
wild. If, however, the need arises for public hunting areas where
exotics such as the pheasant must be released on a put-and-take basis
in order to meet public demands, it is likely that the Gila River
bottom would proviQe the best areas for such practices.

The 'vast areas and washes in Central Arizona which were fo~-.
merly inhabited by large populations of quail, rabbits, and nesting.
doves have been reduced gradually' by agricultural practices, until at
present the Gila River bottom lands offer the only remaining habitat
that wili support large populations of small game. Most of these
thickets must be preserved, if the people of Arizona and neighboring
states are to have the benefit of the few remaining large colonies of
nesting white-winged doves as wellias other small-game animals •

. . '~';.. ""j ?'
As might be 'expectei(' if1:'the desert of Central Arizona, water~

fowl hunting is concentrated in the few areas of permanent water. The
larg~rreservoirs, generally because of their lack of waterfowl food,
and ,1~cat~Qn at the edge of the' mountains a long distance from agri-.
cultural :la,pds, offer only resti~g;·areas. As a result, both migrating
andwinte~~ng waterfowl concentpate in any small pools which they can ,
find near;'the food supplies offered by ir~igated lands.

.' .,tp,:Phe 45 mil~~~;ofthe Gila and 'Salt Ii'iv.ers upstre~ from
Gillesp?-:ev' Dam comprise' \the one major" area where.. ~: signifiqant amount
of w'&ter\i.s. ava:i;lable for wate~~owluse· adjaqen~'ito_ irrigated lands.
The river in~a.r)d.~rs·'through dense, ofer,'impene,t:r.?ble thickets of salt
c~;d,~_and. mesquite which protec\t the birds from' outside disturbances
an~?create ideal, refuge. :~gis. ;$,.it¥-;?:;\;,i9l1,:,~~?Ci~ts despite the fact -that
the~'permanent poo-Is usuall:'{': db" not exce:ed .60 feet in width.' Hunters
penetrate the tn1ckets at~~8ad 6f6ssings ~~ game trails from which
they usually can hunt short distances up and downstream. Close spacing
of h~t~rs in the natur~l.growth of the s~reamside thickets is surpris­
ingly" effective. Ducks ',principally baldp~tes, mallards, and green­
winged teal, decoy readily to closely spaced blinds.

Anticipated average annual use of the area without the.: ,. ," "',. "'-: ':rr" ~

project is estimated as 20~OOO'duck~hUnter-days.
'\~"""'~~' .j:.·;:l . '~ ..:i~~ 'In:i~i:'

This reach of river possesses more than a duck hunting value •.
It has been in many year~ th~ most important waterfowl wintering area
in Arizona:'io::r:in:aDards;:'i8iild.'Pates, green-winged teal, and pintails.
These birds'sperid ·about 4 winter,mo~ths in the area, and it is this
winter~pg.populationwhich .. has been.Jargely responsible for the annual
harvest of about 20,000 birds. The interest of the Arizona Game and
Fish Department in this area has been evidenced by their withdrawal and
acquisition of 6,856 acres along the subject reach of the Gila River
for a waterfowl project.
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In summation. the, Gila River., bottoms extending 'upstrean
45 miles from Gillespie DaIIi" offer the-richest srnall~ga.rne resource in
Arizona and potentially the finest small-game management area in tho
State. In f~ct. this is the last major neaTby area where the people

,of Phoenix and 'surrounding communities will be able to hunt white­
winged doves, mourning doves, and waterfowl.

'. ,

The proposed project through channelization and clearing
of a 2,000-foot floodway through the heart of this area will largely
destroy waterfowl values< Permanent pools will be drained and bank­
side cover will be destroyed. The project also will deplete white­
winged and mourning doves resources by about 50 percent as a direct
re.sul t of the destruction of about 11,500 aero:,' of natural ne~ting

and roosting habitat and escape cover. Quail and r'abbit management
opportpnities will be reduced by approximately 25 percent. Annual
maintenance of the 11,000 acres of cleared area will result in the
destruction of plants which otherwise would offer winter food for
quail and rabbits.

The ensuing losses will be about 18,000 days of duck hunting,
"1"5,000 days of dove hunting, 500 days of quail hunting, and 500 days
of rabbit hunting. Such losses in an area which has no other'way to
turn for comparable hunting are so serious that the Bureau of Sport
Fisheries and Wildlife must object to construction of the project as
presently planned for the 45-mile reac~ of the Gila and Salt,Rivers,
extending upstream from Gillespie Dam to a point 5 miles above the
confluence of the Salt and Gila Rivers.

,

In view of the above-mentioned project losses we request
particular 'attention to table 10, ,appendix 5 of your December 4, 1957,
report, wherein you have indicated incremental'benefit-cost~atiosof
4.63, 2.q6, 1.32 and 1.26, respectively, for channel-clearing widths·
of 500, 1,000. 1,500 and 2,000 feet. Inasmuch as clearing and mainte­
nance and operation costs at 500 feet offer an incremental benefit-cost
ratio much more favorable than at greater widths, please note that wild­
life losses also would be much less at 500 feet than at the 2,000-foot
width·proposed in your report.

Accordingly, our recommendations, which pertain-only to the'
45-mile reach of the Salt and Gila Rivers immediately upstream from
Gillespie Dam, are:

L That an alternate project plan which would involve
ehannel clearing to ~ maximum width of 500 feet rather than 2,000
feet 'be adopted.

2. That the cleared area be meande~ed, where feasible, to
m~n1m~ze dest~ction of dove habitat, and prOVide waterfowl use of
the area.
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3. That the low-flow channel be widely meandered within
the cleared area.

4. That the low-flow channel be excavated to an incremental
depth of at least 3 feet at interv,al? of about one-fourth of a mile
to form a series of permanent pools thTOUghout the 45~mile reach of
river,'with each pool at least' 4DO:feet· in length.

5. That the construct;i.on agency and those individuals or
organizations charged wi'th mainte:nance cooperate with the appropriate
fish and wilalife consorvation agencies during all phases of Cdristruc­
tion and maintenance to devise and apply means and methods for mitigatin,
fish and wildlife losses, particularlY. through the plari~ing of wildlife
food plants in parts of the cleared area.

6. That no herbicides toxic to fish and wildlife be used
in the subject area without the written approval of the Arizona Game
and Fish Department.

If the project is modified as suggested in all of the six
foregoing recommendations, fish and wildlife losses can be largely
avoided, and the project will not jeopardize the important public
benefits which this area holds for the people of Arizona.

In the event, however, that the project is undertaken as
currently planned with a 2,000-foot channel clearing, recommendations
Nos. 2 through 6 should be adopted as a means of partial mitigation
of wildlife losses.

Adoption of recommendati0ns Nos. 2, 3, 4, and 5 would result
in a reduction of dove losses from 15,000 dove-hunter-days to a 10s8
of about 8,000 hunter-days. Complete mitigation of the remaining
7,000 dove-hunter-days by means of a dove development project would
involve replacement of about 3,500 acres of habitat similar to the
cleared area. Irrigated land of this type is not available at reason­
able cost. If an attempt were made to purchase irrigated lands with
values often in the vicinity of $1,000 per acre, the replacement and
development cost of 3,500 acres could exceed $3,500,000. Mitigation
of dove losses on the basis of such costly development is not con­
sidered justifiable.

Adoption of recommendations Nos. 2, 3, 4, and 5 also would
reduce the estimated annual loss of 18,000 waterfowl-hunter-days to
a loss of about 8,000 hunter-days. This remaining 8,000 hunter-days
could be mitigated through development projects for waterfowl costing
about $240,000 initially with annual operation and maintenan~e costs
of $12,000. If recommendations Nos. 2, 3, 4, and 5 are not adopted,
mitigation will need to be made entirely through acquisition and
development of waterfowl management areas in the Gila River bottoms.
The cost of this type of mitigation, exclusive of land acquisition,
will amount to about $540,000 capital irvestment plus $27,000 annual
operation and maintenance costs, for 18,000 hunter-days, or about
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$30,000 investment and $1,500 annually, per 1,000 hunter-days. The
costs of land acquisition are not estimated at this time due to the
fact that the use of presently withdrawn lands will offer possibilities
for solving this problem•

. Adoption of recommendation No. 5 with proper use of winter
food plants in the cleared area could completely mitigate the loss
of 500 quail-hunter-days and 500 rabbit-hunter-days •

. Recommendation No. 6 has been made to prevent the possibility
of increasing the assigned wildlife losses.

- Any modification of the plans for the project as presently
proposed should be brought to the attention of the Bureau of Sport
Fisheries and Wildlife in order that this report may be revised to
reflect the effects of proposed changes in project plans.

Sincerely yours,' .

....t: ... -;i)

/s/ William T. Krummes
Acting Regional Director

'.i

•.J",'

'.~! ::.: \. .
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12 January 1959

18,000 days of duck hunting out of 20,000
15,000 days of dove hunting out of 30,000

500 days of quail hunting out of 2,000
500 days of rabbit hunting out of 2,000

,r,
SPLGP-F

Dear Sir:

Regional Director
Fish and Wildlife Service
Bureau of Sport Fisheries and Wildlife
P. O. Box 1306
Albuquerque, N~ Mex~

Receipt is aclmowledged of your letter dated 2 December 1958
containing your revised comments on this office's report entitled
"Interim Report on Survey for Flood Control, Gila and Salt Rivers,
Gillespie Dam to McDowell Dam Site', Arizona, II dated 4 December 1957.
* * ,*'

For a long time, water experts have recognized that phreato­
phytes poss: a~~ere flood-control and water-conservation problem.
The:.phreatophytes. obstruct and restriot channel capacitie~, of streams
with resurtani'overflow and severe damage to adjoining properties.
In additio~~' ithe consumptive water use of saltcedar, the principal,
phreatophy.'tie,.i'h the area, is about twice the consumptive water use
of cultivated crops. In a water-shortage area such as Arizona every
effort must;:be made to conserve the existing water supplies. Unless
water is available, to sustain the economy of·Arizona and unless floods
are contr.olledi,:,.the needs for recreation will not exist. Interested
Federal andl~t~te agencies, recognizing the need for further investi-­
gation on means of control and eradication of phreatophytes, have .

Such conclusions are surprising, if you consider that we are proposi~g

to clear onlY'9,300 acres out of a total :phreatophyte area of 19,000
acres al~ngi~h~ Gila River from Gillespie Dam to a point on the S~lt
River 5 ,m3.~es'\lpstream from the mouth. An additional phreatophyte.
area of,'13,OOO" acres located along the Gila River from the mouth of;
Salt Riv~r to acpoint about 32 miles upstream remains untouched. It
,sho~ld also be'noted that the phreatophyte' area in Arizona, which,
exists iri' all parts:of the State, has increased greatly sinGe 1940.,
Informed opinion is that the phreatophyte area will continue to ocqupy
gI:eater areas in the future unl€ss ohecked. "

Your comments regarding the effect of the proposed plan of
improvement on wildlife in the area are noted. . You indicate that
clearing', the 2, OOO-foot channel along the Gila and Salt Rivers from
Gillespie Dam to a point about 5 miles above the mouth of the Salt

:,'River,would result in the following annual losses during a 50-year
pe~iod: '
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formed the Phreatophyte Subcommittee in the Pacific Southwest Inter~

Agency Committee with the aim of determining the best methods of
destroying these undesirable phreatophytos. ~u'< George Barclay of
your Albuquerque offic6 represents the Fish and Wildlife Service on
this SUbcommittee, but has never presented ~~y agency views against
eliminating' phreatophytio growth along southwestern streams.

,.....

"We have given consideration to the six proposals listed in your
lett~r and,have the following comments regarding your suggestions:

. ' .- 1. "That an alternate project plan which would involve
channel clearing to a maximum width of 500 feet rather than 2,000
feet be adopted." You refer to table 10 of appendix 5 of our report
wherein we have indicated incremental benefit-cost ratios of 4.63,
2.06; 1.32, and 1.26, respectively, for channel clearing widths of
500, 1,000,,1,500, and 2,000 feet. Reference is madQ to the report
entitled "Proposed Practices for Economic Analysis of River Basin
Projects ll prep,ared by the Subcommittee on Benefits and Costs of thQ
Federal Inter-Agency River Basin Committee. This report is oommonly
referred~ to as -the "Green Book. II On pages 11-13, the. economic limita­
tion's' on' scale of project development are discussed. It is emphasized
here that "The scope or scale of development of a project should be
established at the point where the net benefits from use of resources
for project purposes. are at a maximum. Net benefits are at a maximum
when the scale pf:peyelopment is established at the point where the
benefits adde~ ,to..the last increment of extension of scope are equal
to the cost ~e~~~dry to add that inorement of scope to the project.
* * * At, the·.PO·~t.i:9~j¥raximized net benGfi ts, the total project bene­
fits will ne'ces.,s~i:~y'exceed the total project costs by the maximum."
Table 10., ,.appen.iii-:lC·-5, proved that, considering flood-control benefits
only, inqpea~~~g the width to 2,000 feet was justified. In addition,
water-cons.:~rvationbenefits would further increase the justification
of the 2,000-foot-wide clearing. If the ohannel width were reduced to
500 feet, flood-control benefits in the area would be reduced 50 per­
cent and water-conservation benefits by 75 percent. The total reduction
in. benefits would amount to about $150;000 annually, compared with
incremental annual charges of about $41,000 annually. Such large
benefits, meeting the needs of local interests, should not be foregone,
when justified by such a large margin.

2. "That the cleared area be meandered, where feasible,
to minimize destruction of dove habitat, and provide waterfowl use
of the area." At present, the stream channel meanders widely over'
the relatively flat bottom of a trench one-half to one mile wide.
In laying out a floodway to carry large floods, it was realized that
the floodflows would tend to follow straight courses; the high velodi­
ties would not pe~it the large meanders. At the same time, if flood
control were to be effected, the 2,OOO-foot floodway would require

~the removal of the restriction -,the river-bottom growth. ·In general,
~ the cleared area might be meandered more than recommended, but probably
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such increase in meanders would result in greater removal of phreato­
phyttc growth - not lass as implied. Meandering the channel to miss
the phreatophyte areas would reduce the effectiveness of the floodway
for flood control and for water conservation. We would be happy to
develop, with your assistance, the optimum meandering for a floodway
during the preparation of detailed plans for the area.

3. "That the low-flow channel be widely meandered within
the cleared area." In laying out the floodway, the existing low-flow
channel was not always included within the floodway area. To ensure
that the floodflow would follow the floodway rather than the existing
channel, it was necessary to include a low~flow or pilot channel in ­
the plan. We realize it would be impracticable to maintain the course
of any low-flow channel. The varying streamflows (including the
varying sediment loads) would cause changes in the low-flow channel.
After a short time, unless the low-flow channel were leveed, the
stream slope (which would be reflected in the length of the .course
of the channel) would be restored to the same stream slope that now
exists. Thus, meanders, similar to those existing, would be reflected
in the low-flow channel after a short period of operation of the project.
This matter will be discussed with you more fully during the preparation
pf detailed plans.

4. "That the low-flow channel be excavated to an incre­
mental depth of at least 3 feet at intervals of about one-fourth of
a mile to form a series of permanent pools throughout the 45-mile
reach of river, with each pool at least 400 feet in length~tl Th~se

pools could be accomplished during construction, bui; ·they would be
impracticable to maintain. As for the previous item, no attempt
will be made to maintain a low-~low channel, once constructed. Any
attempt to maintain such a channel would De very costly and could
not be justified. The first flows (they need not. be floodflows)
would tend to change the regimen of the stream", as it attempts to
restore the previous gradient. In addition, any stagnant pools might
tend to breed mosquitoes and measures would hav.e to be taken for the
control of such insects.

5. "That the construction agency and those individuals
or organizations charged with maintenance cooperate with the appro­
priate fish and wildlife conservation agencies during all phases of
construction and maintenance to devise and apply means and methods
for mitigating fish and wildlife losses, particularly through the
planting of wildlife food plants in parts of the cleared area." This
office oan assure you that it would cooperate in every way to'devise
and apply means and methods for mitigating fish and wildlife losses,
within the limits of our authority. It should be pointed out that: .
maintenance of the floodway would be the responsibility of Maricopa
County. The only property rights to be acquired for the project in
this area would be' flowage-easement rights and rights to keep the
channel clear of phreatophytes and other enoroachments.

6. "That no herbioides toxic to fish and, wildlife be
used in thesubjeot area without the written approval of the Arizona
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Game and Fish Department." This office recognizes that herbicides
may be harmful not only to the fish and wildlife, but also to the
cultivated crops. Therefore, unless a herbicide could be developed
that would not be harmful to the crops and wildlife and the cost of
application of s~ch herbicide would be less than the cost of mechanical
means of control, mechanical mea~s would be utilized.

You also suggest that 8,000 waterfowl hunter-days could be
mitigated through development projects for waterfowl costing about
$240,000 initially with annual operation fu~d maintenance costs of
$12,000. Because of the ini;angible nature of the waterfowl losses
that may result from clearing of the phreatophytes, this office does
not consider that such waterfowl development projects should be made
a part of the recommended plan of improvement.

It is ,hoped that these comments on your proposals will meet with
your approval. If you feel it desirable, we would be pleased to have
personnel from this office discuss the matter with you further. We are
forwarding copies of your letter and of our reply to our higher authority
for their consideration. After authorization of the project by Congress
and after the appropriation of funds for advance planning, we shall be
pleased to work out with you, in detail, the optimum plan of improvement
to provide the required flood control and water conservation and, at the
same time, to minimize any adverse effects on the wildlife resources.
It is believed that any required changes are details that would not
affect the overall conclusions and recommendations and can be worked
out within the framework of the recommended plan of improvement.

Your letter of 2 December 1958 was forwarded ";0 the Board of
Supervisors of Maricopa County, Phoenix, Arizona, for its,.comments inas­
much as that agency is the sponsoring agency for the proposed ~lan of
improvement and because suggested revisions in the vlan would have
involved additional costs for the project, part of'which would have to
be borne by that agency. A copy of the reply from the Board of Super­
visors is inclosed. (That letter informed the Corps of Engineers that
Maricopa County expresses its complete confidence in the design proposed
by the Corps and urges that nothing be done to delay approval of funds
for the final design and construction. The County also suggests that
in preparing the final detailed design, the Corps might consider the
recommendations contained on page 6 of the 2 December 1958 letter of
the Fish and Wildlife Service with a view towards adopting those por­
tions of the recommendations which may be adopted without 'otherwise
increasing the initial cost or the cost of maintenance of the project,
and which would not adversely affect the principal objective of the
project, namely, flood protection.)

It should be noted that Maricopa County, in recognlzlng the need
for flood control and storm-drain construction in the County and espe­
cially in view of the large increases in population taking place in the
area, has formed the Maricopa Flood Control Agency with authority to
undertake studies and construct flood-control improvements. The County
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recognizes that the Salt and Gila Rivers are the major outlets for
any additional flood-control work that may be undertaken and con­
siders our recommended plan the first step in an overall comprehen­
sive plan of improvement for the area.

This office has been advised that as a result of a meeting held
on 30 October 1958 between members of the Board of Directors of the
Maricopa Flood Control Agency and representatives of the Arizona Game
and Fish Department, Mr. R. J. Smith, Director of the Arizona Game
and Fish Department, has verbally notified the Maricopa Flood Control
Agency that the Arizona Game and Fish Department has no objection to
the report as written. ~

Very truly yours,

JOHN R. OSWALT, JR.
Lt. Col., Corps of Engineers
Deputy District Engineer
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