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I GILA RIVER - QUEEN CREEK BASIN

1-1. DESCRIPTION OF BASINi: The Gila River - Queen Creek Basin is a project

study desi@lation rather than a cohesive watershed. In general, it is part

of the Gila River Basin and contains areas with more or less common flood

problems, an exception being the area between Roosevelt Dam and Granite Reef

Dam on the south bank which is part of the Salt River Basin. The basin is

further broken down into study areas for the purpose of this report. Al­

thOUgh these study areas are SUbject to the flood problems of the whole,

they have distincitve individual characteristics and have internal flood

problems for which solutions must be sought.

a. Location and Extent. The basin is located in the southeast corner

of Maricopa County between the Salt River and the Gila River. It includE's

areas in Pinal and Gila Counties 'which contribute to the flood problems of

the areas in Maricopa County. The boundary of the basin oegins at'Roosevelt

Dam and follows the Salt River down to Granite Reef Dam, then it angles off

to the southwest, passing through Mesa and along the divide of the Salt River

Mountains to the Gila River. From this point it follows the Gila River south­

east to approximately Gila Butte and then easterly to intercept Hunt Highway

at a point due south of Higley. From here the· boundal:-y follows the south

divide of the Queen Creek'watershed westerly to Whitlow Dam; thence north­

easterly ~round the watershed divide of Whitlow Canyon to the Maricopa County

- Pinal County Line. It follows this line north and then e~st to the Gila

County line; thence northeast along the Maricopa County - Gila County line

back to Roosevelt Dam. The location and extent of the basin and the break­

down into study areas is shown on Plate No.1, Basin Index Map, in Appendix

I-A Hydrologic and Hydraulic Analyses.
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b. Streams and Washes. The principal stream of the basin is the Queen

Creek Wash. Numerous washes head in the Superstition and Goldfield Mountains

but di sappear in the large desert area on the east slope of the basin. The

flood flows from these washes eventually·join Queen Creek in the lower reaches

due to diversion effected by the embankment of theR~W..C:.'D. 'Main·.Ca:nal,.....

an irrigation canal which is part of the Roosevelt Conservation District Irri­

gation System. In the mountainous area above Granite Reef Dam which is part

of the Salt River watershed there are several creeks which are of principal

interest as sources of runoff for the existing Mormon Flat Reservoir and the

Granite Reef Reservoir.

(1) Queen Creek Wash heads in the mountains above WIli tlow Reser­

voir draining 143 square miles •. Immediately below the dam, the stream is

joined by 40 square miles of drainage from Whitlow Canyon. Queen Creek then

traverses a long narrow stretch of desert area to the vicinity of Chandler

Heights where it is joined by drainage diverted by the embankment of the

Roosevelt Water Conservation District Main Canal and the drainage of the

Santan and Goldfield Mountains area. At the point where Queen Creek Wash

leaves Maricopa County, the total drainage area is 711 square miles, includ­

ing 322 square miles partially diverted into Queen Creek by the Roosevelt

Canal embankment.

c. Topography. The basin topography is comprised of mountains) desert

lands and irrigated valley lands. The mountains are concentrated in the

eastern portion qf the basin with ffi~or mountains located on the west side

of the valley and at the south e~tremity. The mountains are rugged and

precipitous, rising to nearly 5000 feet elevation. Between the valley and

the mountains lie the desert lands which have. a gene~al slope of about ,30

feet per mile. The elevation rises from about 1300 feet at the lower. portion

to approximately 2000 feet at the foothills of the l'tincipal mountains.
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The irrigated valley land slopes to the southwest at 3 to 4 feet per mile.

In this area are found the population centers of the basin: Mesa, ChancUer,

Gilbert and smaller communities.

d. Geology and Soils. The mountains are composed of mainly pre-cambrian

schists, granites and quartzites; and tertiary cretaceous volcanic rocks.

The soils in the higher mountalnous zones are restdual but those in lower

foothills and adjacent desert lands are alluvial though shallow apd poorly

developed. The desert lands further down toward the valley are deeper and

better developed and underlain by a previous strata. The soils of the valley

are deep and well developed, highly pervious and underlain by extensive

ground water acquifiers.

e. Stream and Wash Characteristics. The streams and washes in the

mountaineous portions of the basin are well defined. All are intermittent,

responding to even small amounts of rainfall. Leaving the mountains and en­

tering the desert areas, they become increasingly less defined. The smaller

washes disappear entirely after a short distance. The washes through the

desert have shallow, gravelly beds where the fine ~terial has washed away.

Further down in the valley and in'the Gila River flood plain, the washes

are choked with debris and shift their courses frequently except where they

have been confined and channeled by man.

f. Vegetation. There is no appreciable effect by vegetation on re­

tardation of runoff in the basin, except in the irrigated valley where crops

may increase slightly the infiltration rate. Desert shrubs are the domina-

ti~g plant life in the non-irrigated portions. A few stunted trees are scattered

among the shrubs consisting of Juniper, paloverde, mes qui te, ironwood and

salt cedar. Conditions along the larger washes favor the growth of oaks, mes­

quites, cottonwoods. and willows. Perennial grasses form a negligible part

of the vesatat10n present, but good coVers ot annual grasses occur after winter

3



rains. The winter floods normally occur before the annual grasses are

up, and summer floods occur after this cover has disappeared.

g. Maps. The basin is well inapped. Two U.S.G.S. maps of a 1;250,000

scale have been published which cover the basin. These maps are entitled

Phoenix and Mesa. They have an index code designation of Nl 12-7 and Nl

12-8, respectively. The contour interval is 200 feet supplemented by con­

tours at 100 foot intervals. The incremental areas of the basin are mapped

by U.S.G.S. quadrangle sheets of a 1:24,000 scale. The contour interval is

10 feet except for the Goldfield, Arizon,a Quadrangle which has a contour

interval of 20 feet. These maps are from recent surveys and are adequate

for the purpose of this report. The basin is also covered by U.S.G,S. qua­

drangle sheets of 1:125~000 scale and 1:62,500 scale, having a contour in­

terval of 100 feet and 50 feet, respectively. These maps, however, are

from older surveys.

1-2 SCOPE OF STUDIES:

a. The flood problems investigated were confined to those in· Maricopa

County but flood control measures located outside of the county were studied

where these measures were required to provide protection within the county.

Field investigations of the study area included surveys of existing drain-

age structures and ch&U1els, stream profiles and damsites. Economic appraisal

was made of land and structures in the flood problem areas.

b. The area was inspeeted by the Eng~neer and ~he problems and proposed

solutions discussed with representatives of the Mari~opa County Flood Con­

trol District.

c. The investigation was coordinated with the Soil Conservation Service

with particular emphasis on the relation between the portion of the basin

being ~tudied by that agency and the remaining study areas under invest1gati-on.

The invest16&tion was also coordinated with the plans and 1nterests o-r the
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Salt River Water User Association with respect to their irrigation system..

The desires and flood problems of other local interests were considered in

the formulation of the proposed program of flood control measures.

1-3. E<;:ONOMIC DEVELOPMEHT:

a. Pqpulation. Based on the 1960 census, Maricopa County has a popu­

lation of 664,000, of which approximately 100,000 reside within the basin.

The population of Maricopa County is increasing rapidly and projections

indicate that it will reach 1,440,000 in the next 20 years. Similar growth

can be expected within the basin. The principal ~ities and towns of the

basin, Mesa, Chandler and Gilbert, have populations of 33,772, 9,531 and

1,700 respectively. The population of Mesa is expected to be l30~000 by

1980, Chandler, 20,200, and Gilbert, 3,500. These projections are from

reports prepared by the Maricopa County Planning and Zoning Commission.

Urban complexes are developing along the highways in the vicinity of Mesa.

This is the pattern which will evolve in other areas as the road building

program, now underway, progresses. In the south end of the valley, more

intensive land use is taking place in the form of small fruit ranches and

acreages. This development is following the pattern set by Chandler Heights.

The ultimate urbanization of the entire valley can be expected.

b. Industry and Resources. The principal .occupation of the basin in

the past has been agriculture, agriculture-oriented industry and businesses.

In MEsa and vicinity, non-agricultural employment now predominates with the

gTeat~st increase in employment in the past decade occurring in manufacturing.

Many of the residents of this area are employ~d.in the Phoenix area.· The

smaller population centers remain essentially agricultural communities. ~e

increasing trend toward non-agricultural employment can be expected to con­

tinue and agricultural employment to remain steady or decline.

c. Agriculture. The ~iculture of the llaa1;n::f'lf __4 on irrigation
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and is therefore highly developed. The principal crop is cotton with im­

-portant acreages of barley, alfalfa and wheat. Citrus fruit growing is im­

portant in the area northeast :of Me·sa an~ in Chandler Heights at the south

side of the basin. The irrigation development consists of 4 projects: the

Salt River Project, Roosevelt Conservation District, Queen Creek Irrigation

District and the Chandler Heights Citrus Irrigation District. The Salt River

Project irrigation system within the basin supplies water for the land lying

between Highline Canal on the west, the Eastern Canal on the east,. from the

divide running through Mesa to Germann Road. Below Germann R.oad to the

county line, the Consolidated Canal is the east boundary and a smaller area

is supplied from this canal extending out irregularly to the west as far as

Price Road. The Roosevelt Conservation District IrrigatLon Project lies ad­

jacent to the Salt River Project with the !l.'W'.C ..D. "M3ih' eBna·~ .:torm.1ng ~~

eastern boundary, and the basin divide the northern boundary, and Germann

Road the southern boundary. The Queen Creek IrrigatiC?n District is comprised

of lands adjacent to Queen Creek above the Consolidated and Ea.stern C8nals.

The Chandler Heights Citrus Irrigation ~strict lies upslope' of the Queen

Creek Irrigation District in the vicinity of Chandler Heights. Both of these

'.ast two projects are supplied by water fr.om wells.

d. Transportation. The basin is served by air and rail facilities and

by a network of Federal, State and County highways. The Phoenix Skyharbor

Airport, located outside the basin, is the principal air transportation fac­

ility serving the area. The mainline of the Southern Pa.cific ~ilroad runs

through Chandler and Mesa. Three branch lines serve the other areas of the

basin. In addition to the existing highways, construction will begin soon

on an,interstate highway connecting Ynoenix with Tucson which will pass through

the basin along the west side of the irrigated area. This highway will open

new areas of the basin to urban development.

6
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e. Mining. In the mountainOus areas of the basin there is some mining

activity. Mining is not an economic factor in the po~ion of the basin to be

protected by flood c~ntrol measures.

1-4. CLIMATOLOGY: The Gila River - Queen Creek basin lies in an arid to

semi-arid region, typically desert in character." The winters are short and

mild; the summers long and hot. The mean annual rainfall ranges from about

8 inches in the valley in the vicinity of .Mesa and Chandler to better than

22 inches in the mountainous area of the northeastern extremity. Weather

Bureau precipitation and temperature stations" in and adjacent to the basin

are shown on Plate No.2, Appendix I-A.

a. Storms. There are three types of storms that occur in this area:

(1) General winter storms of low intensity covering wide areas

and of several days duration.

(2) General summer storms that result from convergence, oro­

graphic uplift, or frontal lift.

( 3) Local thunderstorms including isolated sporatic showers

and cloudbursts that are brought about by insolational

heating of tropical maritime air invading the region from

the Gulf of Mexico or the Gulf of California and South

Padfic."

b. Rainfall. The mean annual' rainfall for the basin based on U. S.

Weather Bureau stations is 8.10 inches. The maximum annual rainfall during

the pe.st 30 years occurred in 1941. The annual rainfall is approximately

equally distribated bztween winter and summer.

c. Snowfall. The average a..'1Ilual snowfall distributed throughout

the months of December through March, inclusive, for the Gila River - Queen

Creek Basin is less than l.0 inch.•. Snowfall has never been a contributing

factor to major floods in the basin.

7



d. Temperature.. The normal annual temperature for the basin is 69.8

degrees fahrenheit. The highest recorded temperature during the past 40 years

pear ..the.,besin was 121 d,egrees at Granite Reef Dam} and the lowest temperature

was 13 degrees at Granite Reef Dam.

1- 5. RUNOFF AIm STREAM - FLOW DATA: The principal stream of the basin} Queen

Creek Wash} has runoff and stream-flow records available of limited periods

in the vicinity of existing Whitlow Reser/oir. The flows from the other

areas of the basin are of such nature that rainfall-rtUloff relations must be

relied on for th~ data for flood peaks and volumes with consideration given

to the storage induced by man-rna,de barriers ,and restrictions.

a. Discharge and qagin~ Records. The period of record for the gage at

Whi tlow dams! te is from 1896-97; 1916-20 and 1948 to date. The maximum

peak discharge during this period was 42}900 c.f.s. on 19 August 1954. Queen

Creek was also gaged near Florence Junction from 1939 to 1941. The maximum

discharge here during this interval was 13}200 c.f,s. on 7 August 1939.

b. Run-off Characteristics. The rtUloff of the basin can be divided------
into three types: characteristic of the following sources:

(1) Runoff from mounta.in areas is great and concF;!ntrates quickly}

producing flash floods of sharp peak di scharge , The floods

are modified conmderably as they pass through the desert areas,

having relatively gentle slopes, and are further modified in

the valley areas belml. Much of the volume of the smaller

floods is infiltrated'in the desert and valley areas.

(2) Runoff from desert areas' approach a sheet-flow condition

being carried by numerous washes. The desert areas are

essentially bare and tend to "slid~-overtl except in the

washes where the finer material has e~ded away leaving a

:.;ravelly bed.
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In~iltration is relatively small except ~or the gravelly

beds o~ the washes. Intercepting o~ this runo~~ by dike

and chwlnel sections such as that on the upside o~ the

R. W~C. D. 'Mail. Canal, considerably modi~ies the peak

runo~~.

(3) In irrigated areas the in~iltration rate and capacity

is. verygr·eat. Only 1i.tle .1arge.r stbrms .produce.· ,

runo~~. What runo~~ occurs during smaller storms is due

to that ~rom roads, compacted soil and roo~s.

1-6. FLOODS OF' P~CORD: The basin has experienced a number o~ ~loods which

have caused major damage in the valley. Floods occurred in 1926, 1930, 1933,

1936, 1941, 1946, 1954, .1959· Floods o~ major proportions occurred in 1941, 1946,

1954, 1959. The ~lood o~ 1954 is the largest ~lood o~ record and is important

in that the storm that produced this ~lood has been used in developing the

standard project flood.

a. Storm and Flood of 19 August, 1954. On the morning o~ 19 August

1954, rain caused -flooding beginning east of Mesa and spreading down through

the highly developed vall~y land. Runoff ~rom the Superstition, Gold~ield

and Usery Mountains and part of the Queen Creek watershed contributed to

this ~looding. The obser_er at Boyce Thompson Arboretum reported a total

of 5.3 inches of rainfall with an intense period of three hours. Florence

Junction reported l-hour and 6-hour periods of 1.8 and 4.2 inches, respect­

ively. Thp Corps of Engineers have estimated a peak discharge o~ 42,900

c.f.s. and a volume o~ 5,300 acre-feet at the Whitlow Reservoir site. The

peak discharge was probably considerably reduced ~rom this in the lower

portion o~ the basin in passing throush the desert areas and due to storage

induced by man-made restrictions and barriers. However, the total volume

is estimated to be about 15,000 acre ~eet. Th~ isohyet of the 19 AugUst

9



1954 stC:"~il J [; ':;hown on Plate No.3, A:ppendix I-A, which was reproduced by

permission of the Los Angeles District Corps of Engineers} from the "Isohyet"

shown in the Design Memorandum No. I} Hydrology for Whitlow Ranch Res~rvoir}

Queen Creek, Arizona - Gila River Basin, Arizona and New Mexico.

!--7. ST.ANDf.RD PROJECT FLOOD: The standard pi~oject flood is the flood that may

be expected fr'om the most severe combination· Of meteorological conditions

considered reasonably characteristic of the geographical region involved in­

eluding extremely rare conditions. This flood represents a standard by which

the degree of protection selected for a project can be compared with protection

provided at similar projects in other localities.

a. Standa:r:.d Project Flood Development. The Corps of Engineers in the

design. of the Whitlow Reservoir, on upper Queen Creek} de\Teloped a standard

p:r.oject flood applicable to that watershed. 'The 19 August 1954 storm wa.s

centered over the watershed and appropriate infiltration losses applied to

obtain the resultant effective rainfall quantities. A 3 hour preceding rain

was assumed. which accounted for initial losses, The standard project flood

hydrograph WBS de~ived by applying the effective rainfall to a unit-hydro~

graph based on the basin's characteristics and drainage area. With per­

rrdssion of the Los Angeles District Corps of Engineers, the Hydrologic

Map showing lines of equal mean-seasonal pr'ecipitation in inches; the isoh;yets,

sho\·li.ng total precipitation of 19 August 1954 stOrt:l; and the lag relation­

ships curve, taken from the ":Design Memorandum No.1; Hyd.:r.ology for Whitlow

Ranch Reservoir) Queen Creek, Arizona, Gila River Basin, Arizona and New

Mexico," were reproduced and are shown as Plates No.4 through No.6, in

Appendix I-A. This storm and procedu:r-e, with certain adjustments, were

adopted for the d~velopment of standard project floods for the study areas.

d' the basin for which flood control measures are indicated. The rainfall

w~s reduced by 25% to account for the smaller orographic enfluence present

10
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in the lower portions of the basin as compared to that in the mountains, above

Whi tlow Dam. The modifying effect of man-made restrictions and barriers on

the peak flows of the respective standard project floods was taken into

account by inflow-storage-discharge relations. The lag and basin character-

istics of the study areas are shown in Table No:~ 1, Appendix I-A. The Standard

project flood hydrographs for each study area is shown as Plate No. 7 through

Plate No. 12 in Appendix I-A. Pertinent information on standard project

floods for the study areas are shown in the following tabulations:

TABLE NO.1

STANDARD PROJECT FLOODS - GILA RIVER
QUEEN CREEK BASIN

Standard Project Flood
Study Area No. Drainage Area Peak Inflow Modified Peak .volume

( sq. miles) (c.f.s. ) (c.f.s.) (ac.-ft. )

1 34 32,200 16,800 5,080

2 110 24,500 9,700 7,930

3 98 14,400 15,600 7,050

4 123 60,700 28,200 15,400

5* 184 58,700 22,800 19,200

6 30 24,000 7,600 4,480

"* Includes drainage area of StUdy Area #4.

b. Project Design Flood Development. The project design flood applicable

to a particular project is based on the degree of protection warranted by the

type and character of the flood damages to be prevented or the area to be

protected. The study areas of the basin contain both areas of intensive

agricultural development and urban development. A different degree of pro-

tection is warranted in each case. Consequently, an individual project may

require the development of one or more a~~arate design floods of different

i'requencyof occurrence,. The, considerations which enfluence the development

of a project design flood are discussed. in the following paragraphs:
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(1) Although facilities for the drainage of interior areas of an

urban area are customarily designed on a relatively low fre­

quency the actual degree of protection afforded 1s usually

quite great due to the relative elevation of improvements to

street elevation and the e1'fcct of resultant surface storage

present, Flood waters are thereby prevented from reaching dam­

aging elevations, But; when the runoff from large built-over

areas concentrate, the effect of surface storage is relative­

ly small and protection is reduced. Therefore, outfalls serv­

ins urban areas must be designed to provide a high degree of

protection, In general~ floods of standard project flood

pro:portions should be reduced to a depth thAt will riot ce.uae

10SB of life or extens1ve property damage. The critical el­

evation in urban areas 1s usually at or near floor levels

above this, damage mounts rapidly.' Similar protection from

runoff of external sourcesi. required.

(2) In agricultural areas the _jor portion of the average annual

crop damages sustained are made up an accumulation of dam-

age from frequent floods. The objective of flood control

measures in these areas is usually prevention of frequent

floods with an attendant reduction in the flood damages tram

the more in,frequent floods. In ·irrigated areas the investment

in irrigation facilities such as canals, distribution ditches

and land leveling is great. Floods of greater JDa8lli tude cause

a disproportinate amount of damages to such facilities. In

this case, a much higher degree of protection from floods

orip:1nating from outside the area is warranted. D1version

of runoff from external sources around and away from these
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areas may be feasible. The development of project design

floods for the various degrees of protection entails the

determination of the frequency of occurrence of the floods

to be expected in the study areas of the basin. The fre­

quency of flood peaks were based on a correlation of rain­

fall frequency data with a regional analyst's of flood fre­

quencies of natural streams. This was further correlated

with the drainage basin characteristics used in the develop­

ment of standard project floods in order to obtain peak

flows for various frequencies of occurrence for each of the

study areas of the basin. From these correlations, dr~nage

area v.s. c.f.s. per square mile curves were developed for

use in determining the peak flows of incremental areas within

the study areas. These curves take into account the shape of

the drainage area. The flows developed are those to be ex­

pected from natural streams having the drainage area and

runoff characteristics of the respective study areas. These

peak flows would be modified by man-made restrictions and

barriers under present conditions and by the floodway charact­

eristics of the proposed projects. Inflow- storage - dis­

charge relations were applied to these peak flows to obtain

modified peak: discharges used in the design of the proposed

projects.

c. Design Criteria. Based on the degree of nood protection warranted

by the type and kind of development !'equiring protection, the future condi tiona

anticipated, and upon the type and kind' of flood control measures under con­

sideration, the following guidelines for project development were established:

(1) Channels serving as outfalls for urban areas should be designed

13



to contain the 50~year flood and reduce the standard project

flood depths to 1-2 feet in urban areas giving due considerfl~

tion to induced storage • The flood peaks should be based· on

projected development of the area. The outfall channel of

this capacity should be carried to a point approximately 1.

mile beyond the limits of future development where it should

transition into the ~hannel provided for the area as a whole.

Channels serving irrigated areas should contain the 5-year

peak flow giving due consideration to peak flows from urban

development jn the area. In desert areas, channels should

contain the 2-year peak flow.

(~) Where floodways and diversions consist of a channel and dike

section, as will be the usual case, the dike or embankment

should proviQe protection against overtopping by the standard

project flood as modified by induced storage in irrigated

agricultural areas. Where urban areas are being protected

which envolves lObs of life and expensive property, the dike

or embankment should have adequate freeboard for protection

against overtopping by a flood of spillway design proportions.

(3) Reservoirs should generally be designed to contain a 50 to l~J

year flood an.d modU'y the standard project flood sufficiently

to provide adequate protection in urban a~eas. The spillway

should safely pass the modified standard project flood and

have sufficient freeboard that the spillway design flood will

not overtop the dam ..

(4) The general criteria of culvert design capacity for highways

and railroads is a once in 25 year flood; county road, once

in .10 ;v~"U" flood} and for multi-lane highways, one in 50 YGar
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flood. Bridges should ,lee designed to pass the 50 year

flood wi~h 2 to 5 feet of free'board, depending on the im­

portance of the road, the consequences of exceeding design

capacity, and likelihood of clogging by drift. Existing

struc~'L~r<:;13 ShOilld be altered ·to provide at least design

~~avulel ~apacity.

1-0 EXTENT AHD CRARACTEI{ OF FLOODED AREA

::.I. Gcnerul Flood Pl'ubler:J. - The principal flood probler:J.s d' tile basin are:

The i'looelinG of the valley lands by runoff origin:3ting in the r:J.ount:.lins and desert

ell'cas; ;lnd, '~;le increasinG runoff from the expanding populution centers which al­

r2ady exceeds tLc cQpacityof eXisting outfall drainage ways. With respect to

the valley bnds, t;lCse two flood probler.ls may be classified as flooding from

exterY131 sou;:ces ClI1J. floodin;; 1':.:or:: internal sources. From external sources there

:.Ire 3C,CiJ:J :lcres of irrig::lted 3c;ricultural bnd and 800 acres oi'urban area sub­

ject to flooding. The proportion of urbnn flooding to agricultural flooding

'will change "i'til future development but :lot the total. Frou internal sources,

tnere ~lre about.. ":;60 :Jcres of irrigated agricultural land and 70 acres of urban.

3re3 subject to flooding under prc.3ent conditions. As urhm development pro­

ceeds, 'ootl: the urban and agr icultur31 flooding will increase. It is estimated

that by 1900 there would be 2ioO acres of 3gri:(~ultural land and 480 acres of ur­

bun area subject to flooding; and by the year 2010, 4600 acres of agricultural

land rmd 1850 ;Jeres of urban 3rea. The present land use is shown on Plate No.1,

Appendix I-B. The various aspects of the present ;)nd future flooded areas are

discussed in tile follOWing paraGraphs.

(1) The principal imp:covement in the basin is "the ilTieation system

and the on-the-farm facilities connected \~ith it. The vnlue of the portion of

this improvcr:J.ent subject to flood hazard is estimated to be $3,500,000. Second

in importcmce is the state and county road system. No accurate ~stlrnnte can be
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made of t~le v31ue of these facilities, but roads sustain heavy damage from ex­

ternal flooding. The flooded urban urea consists of all of Giibert and the

smaller comrnunit:':'es in tile valley cllld parts of Chandler and Mesa.

(~~) rrl1e type of flood dUL1.D.ge sustained by the various improvement:;>

is cor.lpl'ised of breaching of cansJ.5, overtopping of roads, inundation of crops

Gnd floodinG of houses ane. buildinr;s \-li"';;11 ottendant dauagc to their contents.

Direct 1055 of life due to flood waters has not been reported•. However, indirect

loss of life due to hazardous road conditions is a distinct possibility during

even moderate flOOds. Floods of standard project flood proportions with the

probably collapse of eXisting dikes and resultant sudden release of impounded

water would likely result in loss of life and would 'aggravate hazardous road

conditions.

(3) The e~pandinepopulation centers of Mesa, Ch~ndler and Gilbert,

:::IS shown on Plate Ho. 1 in Appendix I-B, are within the flood problem area.

SOIne measure of flood protection will be a 'necessary prerequisite for such ex­

pansion even without the comprehensive program under stUdy. However, suce

measures, based on past experiences of other urb:m communities, will be largely

alleviation measures against frEquent floods and the hazard from extreme flood~

would rem in. Urban Gomplexes can be expected to spring up £llong the new high-

ways· in areas w:here no flood history now exists and these areas will encounter

f'lood probler.l<;. T:lese flood problems will Grise fromtne concentration of run­

off from t:le desert areas and fl"01'1 in~reased runoff from the urbar. c:o:,,:)l::·~·~

'chemse1ves.

,b. FloodinG in Study Ai'ea #1 - The irrigated lands below Highline Canal

and the western Canal in Study Area #C arc subject to flooding from the Salt

River .MOU:1t:l ins ;~nd tile l:1terve~llnG desert iocate<!' in this area. The new inter­

state highway from Phoenix to Tucson will pass through Study Area #1. The con-

centration of water by this hl[;fnmy :~nd the expected u:'IYln development will

J..6



1

I
I
1

further augment the flood problem.

c. Flooding in Study Area t?:. - The lower part of this area is subject to

flooding from both internal and external sources. At the upper end of the area

is Mesa which as it expands into the valley will increase the flooding from in­

ternal sources. Some flooding now occurs on the outskirts of Mesa and Chandler.

~his flooding is both to urban property from inadequate outfall and to irriga­

tion canals and agricultural lands as the increa'sed runoff seeks avenues of es­

cape. The future expansion of the populationcehters is the chief concern of

this area both from the standpoint of external and internal flooding.

d. Flooding in Study Area #3- At the' present,the flood problem here is

the breaching of canal dikes and overtopping of roads bYl~noff from the Super­

stition and Usery Mountains. In the lower portion, Queen. Cl"'eek floods large

areas of agricultural land and causes damage to irrigation facilities and county

roads,. Projected expansion of Mesa a,nd later Chandler and Gilbert into this

area will create flood probleos from internal sources. Adequate outfalls will

be required to carry the increased runoff south to Queen Creek.

e. Flooding in Study Area #4 - Flooding from l~noff from the Usery and

Superstition Mountains causes damage to the Roosevelt Wuter Conservation District

Muin C::maland to state and county roads. In the past,considerable flooding of

Wil~ams AFB has occurred. Williaos AFB has now been protected against all ex­

cept extreme floods by use of levees and by improving the out~all along the up­

side of the R.W.C.D. Main Canal to the outfall u.t Queen Creek. Ti:1ere are some

agricultur31 lands in the upper end of the are,:} and urban development along the

highway fron Mesa to Apache Junction which is subject to flood hazard.

f. Flooding in Study Area #5- ThIs area J..l1cludes the flood plain of Queen

Creek and extensive damage to agricultural land and roads occur. The upslope

area on the, south, which inclUdes Chandler Heights,is subject to flooding :from

runoff originating in the Santan and Goldfield Mountains. Over-topping of roads

17



arid the erosion and inundation of agricultural lands is an important problem

here.

g. Flooding in Study Area #6 - The principal damage due to flooding is

that done to Hunt Highway. This area is, however, the source of flooding to

areas south of Queen Creek in StUdy Area #5.

h. Flooding in Study Area If( - Tais area is under study by the Soil Con­

servation Service. Location of retention structures here is expected to con­

trol the flooding of the Valley from runoff originating in the UserY and Super­

stition Mountains.

1. FloodinG in Study Area #§ - No flood problems are apparent in this

orea.

J. Summation of Flood Problems - The extent of flooding and the. ~alue of

property subject to flooding under present and future conditions in the basin

are tabulated in the following table:

18
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'l:ABLE NO.2

t';:;Li::ii:!'J<f OJ'; if.£~.:LUE: OF' F'LOODF.D PROPER'ry IH THE GlIA RIVER-QUEEN CHERi{ BASlil

PR8GENT.....'~ .._--_.....-.. _--_.-.-_...._~---------~ ..=---..,.....---------_.__ .._---~--
Stu':3:.?
I~reu

[Jy'ban. P},'operty
(FlI:res)

o
~)iJO

10

Agricultural Land
(acres)

°1,700
28,400

600
6,000

°36, (00

Irtigation Facilities
(value)

$ 450,000
140,000

. 2,360,000
50,000

500,000

°

Str;=ets
( VfJ 1-;...112)

$ L?O,OOO
;: , 3C:<) )000
:~ ,·!·O.j, OOd

70,000
.~~;J, 0,01:1
.... - "'00'hK.l) v

40
1130

60
~:·O

20
20

1310--

7')

19o:J
420
155

50
10

2700

FUTURE (1980)

°2,660
28,800

700
6,100

°38,200

FUTURE (2010)

o
::;,~oo

2),lJO
1,000
6,300

J

40,900

$ 450,000
220,000

2, 1~00 ,000
1,000,000

630,000

°$4,(00,000

$ 450,000
180,000

2,420,000
1,400,000

650,000
o-----

$5,100,000

;. lL~5, DO:,)
; , 9h() ~ 00c)
; , 8!)CJ •ocn. ,...."

200,000
fOOJOOD
~'6'-) I oo,~:

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

;.> ,,} )~,OO;,()::~!,,')

$ JB5,OOO
5,350,0:)0
4.. '(50, ;:)()C)

555) (Joe!
84~)} oc:')

_._._l~:.~)OQ_.

~112 y OO()) 000

1-9 FLOOD DAMAGES

3.. General The flood damageS caused by past floods of recDrd. in tbe

',f'::tl1ey have been invcstir.:;3ted by the Soil Conserv:.1tion Service and the Corps

cf Er..[;ineers. The Soil Conservati on Service in connection wi tb. thej],' prcsenc.

,"tudies in StUdy Area #( have estimated that the recurrence of the 1954 flood

1.'ollld cause $3,792,000.00 of agricultural damage in the valley exclUding th!;~

;~luecn Creek urea. Dalilage to improvements is also estimated to be nearly eql l,[i'

to this damage. They estimate that the flood of 1959 was almost 3~ damaging.

F..arlier floods were investigated by this agency in a previous report. A pcrti()ri
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of tilis report entitled "Flood DaI:IBges" is shown in Appendix I-B. The Soil

Conservation Service estimates of the average annual flood damage from flo9ds

originating in the Usery and Superstition Moun1ains area will be shown in

their report. The Corps of Engineers in their studies for the eXisting Whitlow

Rc;:.;c::cvoir estimated the average annual flood daIT'.aGe on Queen Creek. These

CCOr:0171ic 3tudies by the Corps of Engineers were reported in the survey report

l

ror ~~itlow Reservoir. For the other two sources of external flooding;

Sa~it.;)n cmd Goldfield Mountains area at the south end of "the valley; and the

J . -,:" rEver Mountains area on t:le west side of the valley, no flood history is

available. By sample are3 I:lethods and correlation vlith the estir:Jates of damages

fl'Or.l external flooding from otl:er sources, it is estil:J.ated that the average

annu31 dorncge from flooding fron the Santan and Goldfield Mountains area is

$57,000, and fro~ the Salt River Mountains area, $51,000. The flooding due

to internal sources in tile 3tudy areas covered by this report and the resultant

damaGe::; is prera;ised on future urban development. The nverage annual flood dam..

3GCS fran inter-unl flooding, based on the next 50 years of development, are

estiLutcd to be $218,000.

b. SUlm:l3ry of Flood DUl:k'1Ges - Tile avc:cage annu31 flood damages for the

vnriOL1S study areas of the basin showing breakdo\-ln as to 30urce of flooding

mJ t>; respective types of property are tabu13tccl on the follOWing table:



TABLE NO.3

PROJECTED (50-YEAR ECONOMIC LIFE) AVERAGE ANNUAL FWOD DAMAGES IN THE GlIA
RIVER - QUEEN CREEK BASIN

STUDY URBAN PROPERTY i AGRICULTURAL , IRRIGATION. ROADS AND
AREA External Internal External Internal FACILITIES STREEI'S .._ ..

Flooding .Flooding Floodine; Flooding External Interns1 Externa1 InLc)'ilol
l"lood~ng FLoodi~ Floodins FlCJOd.L :lG

#1 $ 4,500 $ 3,000 4> 0 $ 0 $ 4,000 $ 0 $ 2,400 :I> 700

#2 173,000 '(I,OOJ 48,000 43,200 2,000 2,400 46.000 26,900
#3 9,200 16,400 797,000 8,800 21,700 400 74,000 7, 90C
114 6,000 6,000 16,800 5,100 '),100 ° 1,400 4,00(:
#5 3,000 2,100 168,200 3,900 5,700 300 13,000 1,70D
fIG __3,300 700 ° ° ° 0 3,200 1,2CK

TOl'AL $199,000 $ 105,200 4>1,030,000 $61,000 $42,500 $3,100 $140,000 $42,40D

1-10 OTHER FLOOD CONTROL PROJECTS AND STUDIES

a. Soil Conservation Service - This agency has under stUdy a system of dc-

t.enL..i.vLl reservo.i:::s desiGned to int.ercept runoff frOI.1 the Unery 000 Superstition

!,1c:1.!:d;:;j~lS. These reservoirs extend frol;l tile basin divide oa the north along

aoout ·l.lle l(;OJ CO~lJ(,our to t~le Queen Creek divide on the south. Most will be in

County ;JUt are intended for ~)rotcction of the valley against external flc..:.:.

A j'2port is exp0cted to be comp1ctecl ciJl'ly in 1962.

b. Corpn of Engineers - Tile eXisting Whitlow Rc:servoir was planned and

c:oll.Jtl'ltcted b:' t;le Corps of EnGi:lcer:~• Extensive studies of the flood probleI;;

0I::~'U:;en Cl'cck have been !;mde of Queen Creek flooding in the report on this l'C'-

e. Q::~:)und Water Recharee 3c.udy - A feasi'uility ~tudy was made of ground

;'{3 te:::' rccl13rC: of flood watcl'S and i~ lrJJ.de a part of this report. The objectj\t

,'ji' tilis sJ~udy W::lS tLe investiga"~ion of thc subsurface geology of the basin and

:~c~83:i.blc r.:ethods 1'01' recharGing of water collected by detention reservoirs to

.~,:;tcl'minc tiw fea3ibility of con::>ervinG flood ",ate::.·s by this means. T'':le report

.,.' t.his study is shm·m as "Proposed Artificial Rechsrt;c AGpects of Flood Control

3d ···ycy for SOu.l~l'leastern Maricopa County", Appendix I-C.



1-11 IMPROVEMENTS DESIRED

a. General - The principal objective of the flood control study in the

basin is the protection of the highly developed valley lands from external

flooding and the providing of adequate outfall channels for the increasing run-

of'f from the expanding population centers located therein. II'he Salt River

Users Association have expressed the desire that all flood wter be carried by

a separate system and not allowed to flow into their irrigation canals. One of

the specifications for this report made by the ~~ricopa County Flood Control

District was that multi-purpose use of reservoirs be made where feasible. To

this end, Ground water recharge of flood waters iLlS been incorporated as a pro-

ject purpose in connection with all propo3~d d .:nt·

1-12 ...;;.S_OWT....;;.;.~I_O;;.;.NS~C;...O,;;.;N~S...;.ID_ER_ED.-..;.A_ND.;......_P....;;IA;;.;.I..;...~_O~F_IMI~·;.·_.OV_i~~:..._"'NT_ -

reservoirs.

a. Flood Problems and Possible 301m. Jn~ - A ~. ;·.;usaed l,mder "1_8 EX-

TENT AND CHARACTER OF FLOODED AREA, II the ovcru:i... f ~)o~ problem of tne basin

is the floodinc of the valley 13nds from external sources and increasing in-

ter"J,al floodinG as a result of higher runoff rates due to expanding populatio;,

centers. The ind.icated solution for the prevention of floods from extern::.ll

sources is the storage of flood water;:; by dams and t:ne diversion of flood flu",:'.:>

by dike ::Ind channel uround the protected area to naturul drainage ways.

principal natural drainage way is Queen Cl·eek. The indicated solution fex' ';'n-

tern::ll flooding is to provide an :.Idequ3tc system of outfall channels.,o carry

flood flow.3 to the Gila River. Other possi-ole so~utions SUC~"1 as: i'lood plain

zoning, fillinc; of :1re3S to be tu.i..lt over, eV3.cuation ::md resettlemen~, und

levees, cor:not alone or in cor..binution provide the over:Jll protect':"on required

for the basin. 'filis is true princ.i..pully because of the econol:lic considerations

involved but is 0150 tl'ue bec::luse of t~je impracticability of 8ffectil1<3 some of

tilcse measures cmd o.ncicipating future trends of' develop::,c;;.t; l;owever, tLcse

measures fi1'1j be irapori..::mt adjuncts 1:.0 tile proposecl plan .i:l tile future. T:li..;
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is especially tru.e of internal flood problems both in the p~otected areas and.

in the areas where flood control measures are installed. It should, however,

be recogni.zed that it is Unrealistic to as'mulle that restrictions imposed by

flood plain zoning now, ,,,ill remain inviolate. T'ae prcQsure of the prOblems

and needs of future generations can and will alter such restr:t.ctions and re~

gU.latior:s. Instead, it is morc realisti~ to set forth theprobJ,.e~sfac~dby

development in such areas ar.d to establish criteria which govern succeesful de-

velollment. Flood plain areas and reservoir areas eWl be utilized, subject to

econOlr.J.c considerations, :provi ded :;oUJld engineering concepts are followed.

b. Existing Channels - There is no clearly defined drainage system SCl'V-

Lng the valley area. The irrigation canals carry some flood waters and the u1i-

side of the canal d.:Lices intercept and divert flood water along the canals to-

wal~tl Queen Creek and the Gila River. Quczn Creek is the principal c1rairiage.

course but the car.al at the lU\Jer end of tile valley near West Chandler, no',.;

used as a'waste-way, also carries flood waters to the Gila River. The chw1nel

of Queen Creel, has 1",een c:'J.largcd· and hlprovcd., in the paGt,. from a point in the

vLc:~r:it;.: ,)1' t}lC to\m of Q,::.ccn G;:-cek to ?pproxir:lL1te1y State Highway' No. 87. In

:;':)~1Lecticm ;,1;';h the protection of WilliaEr; .4.FD} the d.D~e on the upside Of' thE.'

H. \{ . C . D. Balli. Canal has been :!.~aised and a~ ir.rproved channel constructed from

Willia.ms .AF] to· ~Ue2:l Creel:.

c. HclatioIiship Th';l·,W';:;Cl1 Irrigat;ion Cana.ls and Drai.Tll3.&!;": Drainage channels

aLd "~he ir~'ig~~"tiGn canals 0.1'0 hiGhly c.:ompatlble. They may utiliz.e a conunon dil..e

u; a.130 deGi::":l~le for drai~J.aL:;8 cl1a.'1n:~l3.. A':, tlmp.s the irrigation canals may

hC1l0f'icially accept some flood ',mters. T'ac principal problem is where drainage

must C".i.~OSs a ~ana.L. This h; not insurmoUl1table;however, Sttchc:rossinf;;6 a;re

d.. ~"h"-,- ':.:'.-:;1.!:t·:,)")se Use -(;onservut;i.on c,f water is th~ principal concern in



this area. In connection with detention reservoirs, water stored may be used

for ground water reCharge provided adequate facilities are planned and con­

structed. As previously mentioned, the irrigation canals may accept some water

but this is a very limited use of flood waters. Full conservation will require

a well co-ordinated system of ground water recharge facilities.

e. Plan of Improvement. The projects which constitute the plan of improve­

ment for the basin are shown on the Basin Project Map in Appendix I-D. Included

in the plan of improvement is the proposed vfuitlow Canyon Reservoir, SCS struc­

tures, and the projects for the various study areas. The proposed Whitlow Can­

yon Reservoir is a long-range proposal and consequently no cost estimate Or mone­

tary economic evaluation was made. The SCS structures, as previously mentioned,

will be covered by a report by that agency. Pertinent data for Whitlow Canyon

Reservoir, retention dams and the proposed dikes and channels are shown in Tables

1 and 2 in the "Hydrologic and Hydraulic Analyses", Appendix I-A. The projects

for the Study Areas No.1 through No.6, and Whitlow Canyon Reservoir are dis­

cussed below:

(1) Study Area No.1 project consists of two retention reservoirs opera­

ting in conjunction with dike and diversion channels. Retention Reservoir No.1

would receive runoff collected by a dike and diversion channel located along the

south boundary of the area. Retention Reservoir No. 2 would receive water from

a dike along the east side of the Salt River Mountains. The discharge from this

reservoir would be carried by the dike and diversion channel to Retention Reser­

voir No.1. The project would provide protection from external flooding to the

irrigated lands below the Highline Canal down to the proposed outfall channel in

StUdy Area No. 2 and the irrigated lands below Study Area No. 1 in the Gila River

Indian Reservation. It would also provide protection for the area between the
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new Interstate Highway and the Salt River Mountains in which urban development is ex­

pected to proceed rapidly following completion of the highway. The diversion·dike

along the base of the Salt River Mountains in conjunction with the diversion re­

sulting from construction of the Interstate Highway and that of the emban~ent on

the upslope side of the .existing Highline Canal will provide a high degree of pro­

tection for the irrigated lands in Study Area No. 2 which now experience flooding

from runoff originating in the Salt River Mountains.

(2) Study Area No.2 project consists of a system of outfall channels

for the population centers of Mesa, Chandler and Gilbert. It is sized for future

expansion of these communities and the expansion of Tempe into the valley. The

outfall channels for Mesa and Gilbert are sized to carry the 50-year flood to a

point at approximately the center of Sec. 9, R5E, TiS, Gila and Salt River Base

Line, where they join and then transition into the outfall channel serving the

area as a whole. The Mesa and Gilbert outfall channel would reduce the Standard

Project flood to where only one to two feet of flooding would occur. A similar

outfall channel is provided for Chandler to Dobson Road where it transitions into

a smaller channel which joins the main outfall channel at a point where it enters

the Gila River Indian Reservation. The main channel, which is designed to contain

the 5-year flood, assuming ultimate development, should be constructed initially

to a point just past the new interstate highway. The extension of this channel

to the Gila River could be delayed until urban development progresses further.

Right-of-way should be obtained under the initial program. The porposed project

provides a basic outfall channel system. Laterals and the usual drainage facili­

ties to tie into this system would be required in connection with the expansion of

the population centers.

{3) Study Area No.3 project consists of dike and diversion channels

along the upside of the Consolidated Canal and the upside of the R.W.C.D. Main Canal

to outfalls at Queen Creek.. These dike and diversion channels are intended to pro-

vide protection against external flooding for Study Area No. 2 which originate in
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this area. They also would serve as outfall channels as urban developme~t expands

into this area. The channel along the upside of the Consolidated Canal is sized on

the basis of the anticipated urban development expected to occur in the foreseeable

future.

(4) Study Area No.4 and No.5 projects consist of: A dike and dive+­

sion channel along the upside of the Roosevelt Canal to Queen Creek; a dike and

diversion channel along the upside of the planned Central Arizona Project Aquaduct

to Queen Creek, approximately in line with the SCS structures. The dike and diver­

sion channel on the upside of the Roosevelt Canal would provide protection against

external flooding for the valley areas below. It would also serve as an outfall

channel for Williams AFB and future urban developments. The dike and diversion

channel on the upside of the planned Central Arizona Project Aquaduct would divert

flood waters from the uncontrolled area below the SCS structures to Queen Creek.

The channel would serve as a means of' collecting and diverting reservoir flows re­

leased from the SCS structures to suitable ground water recharge areas. The de­

tention and debris barrier reservoir on Queen Creek would store flood waters from

the uncontrolled area below the existing Whitlow Reservoir and the releases from

that reservoir. The releases from the detention and debris barrier reservoir would

be handled by ground water recharge facilities. The reservoir would also intercept

the debris scoured from the Queen Creek channel in the valley areas below. As the

coarse debris collected into a delta in the reservoir, it would form a natural

ground water recharge element.

(5) Study Area No.6 project consists ofa detention reservoir operating

in conjunction with a dike and diversion channel. The dike and diversion channel

would lie along the upside of Hunt Highway and would divert the flood waters from

the Santan and Goldfield Mountain area to the reservoir for storage and subsequent

induction by ground water recharge facilities. This project is intended for the pro­

tection of the area in the Vicinity of Chandler Heights down to Queen Creek against
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external flooding. The dike could be incorporated into a raised road section for

Hunt Highway with mutual advantages to both functions.

(6) The Whitlow Canyon Reservoir, in conjunction with the existing

Whitlow Reservoir, to be constructed in the future, would establish a high degree

of control of flooding from mountain areas of the Queen Creek basin. As the de-·

bris delta, mentioned in preceeding Paragraph (4), builds up and begins to function

as a natural ground water recharge element, then releases from these two reservoirs

could be inducted directly without appreciable storage. The flood control stor-

age remaining after depletion of the debris load would then still be adequate to

accommodate flood flows from the uncontrolled area below the proposed Whitlow Can­

yon Reservoir and the existing Whitlow Reservoir. This is a long-range project, but

one that is likely to prove highly desirable in the future.
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The estimates of first cost by study areas are summarized in the following table:

proposed plan of improvement are i tcm:::'zed by Study Areas in the following table:

~_______ESTI~1A':Q'~-l~NImAL CO~:rS - 2.0-year EconQlJlj,.9 Life
----~...

Annual Cost by S"tucly Areas----------'.
Item #1 " #3 #4 #5 JI:6iK2 11

Interest and
Amorti~ation ~i {".q l ,~O $ 111~, 4(;4 $ 99,188 $ 34 ,796 $ 89,797 $ 36,450,. , _ .' .J.. ~

Operation and
Maintenance c:.:, ;:)L;O 6,350 11,500 850 10,930 3,820

- ..- .....•...•-.

Total Annual Charges cl> ".:'7, ,'+ 30 $ 121,314 $ 103,688 $ 35,646 $ 100,727 $ ItO ;270't

Table No. 4

ESTIMATES OF FIRST COST
First Cost by Study Areas

Item #1 #2 #3 #4 #5 #§
Right-of-Way

La.nd~ ~ Damages 4> 707,000 $ 686,000 $ 768,000 $ 387,000 $ 855,000 $ 272,00(,
Relocations:

Railroads 0 ° 0 0 0 ")l,

Highways ° ° 0 0 0 0
Utilities 2,200 1,800 2,400 0 1,600 1,200

Niscellaneous
Structures 1~( ,000 442,000 390,000 190,000 125,000 9,000

Dams :)00,000 0 0 0 793,000 82.000
Channels & Dikes 110,,000 1,2911-,000 980,000 201,000 200,000 420:000
Engineering &Design 6~!, 920 173,780 137,240 39,100 111,960 51,220
Contingencie3 @ 20% U"j,8.40 347,560 274,480 78,200 223,920 102,4,40

._--~-~

Total First Cost :t,l. ~;24,960 $2,945,111-0 $2,552,120 $ 895,300 $2,310,480 $ 937,860

The cost of SCS structures

7ablc No. 5

Estimates of First Cost - The estimated first cost of the proposed plan of

Estirrx'ltc5 of A"1nual Cost - The esUrnated annual costs for construction of the

a.

b.

improvement, exclusive of SCS structures, is $11,000,000.

1

1

I
and their required right-of-way cost will be covered by that agency in a separate report. I

I
1

I
I
I
I
I
I
I
I
I
I
I
I
I
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1-14 ESTIMATED ~mFITS-
a. Benefits - Tangible benefits estimated to accrue to the plan of improve-

ment·include reduction in flood damages, future development and increased income

from changes in land utilization. There would be other benefits of an intangible

nature, not susceptible to moneta.ry evaluation. Benefits are summarized below;

(1) Benefits from flooddamase reduction consist of the estimated re-

clu~tion of average annual damage to crops and structures. These benefits, exclus:L ...-\~

of those that accrue to the SCS str~ctures, amount to $467,200 annually, of whir.h

$at,OOo are crop 'bel1e:'its and $2)+9,200 are str...lctural benefits. The Soil Con-

scnc.t:>;;1 S·~':~vice ~li.ll estjmatc the a'reraGe al'lnual bene:fi t in flood dal~gereduc-

tion due to their structures.

(2) Future de'relor~cnt in the flood problem area of the basi;:]. during

the next 50 years is estimated to result in an increase in the value of structures

of $76,600,000) without prQtcctio~l fronfloodG. 'These ir"creases are based on popu

lation trends, past and f ....t'~ure agricultural production, a.'1d constnJ.ction trends .in

the regio::1 w1dcr stud.,v and. Grniilar areas. On the basis of these increased values)

it is estimated that the t8u~fits from reduction i::1 flood daoages to future de-

velopmcnt in the area would. 3.l1D1.mt to $497~70C unnually.

(3) I::1creased la.:'ld util.:'zation \~ill resu~t from the flood protection

afforded by the pro.f;oscd. p:,o.ject3 for th·:) raoln. 1n5.tia11y this will corJ.si::/c of

1'))8 :'·Jo'..t.L·~l to

monetary value wuuld be realized through the J.evelapml?nt of the proposed pl8.l1 of



improvement. Such benefits would include the reduction in interrupted transporta-

tion and delay in harvesting crops, enhancement of the general welfare. and security

of the people, and a lessening of the hazard of epidemics. These benefits would

be real and of significant importance in the problem area.

b. Summary of Tangible Benefits - Estimated average annual benefits for the

plan of improvement by Study Areas are summarized in the following table:

Table No. - 6

ESTIMATED AVERAGE ANNUAL BENEFITS

Study Area

I
1

I

#1 =/t2 #3 #4 #5
Flood losses pre-
vented - $ 9,200 (1) $256,800 $ 60,800 $26,400 $114,000

Future development - 7,500 (1) 220,200 210,200 32,800 27,000

Increased land
utilization - 44,800 (1) 52,100 41,300 50,000 186,600

Total $61,500 $529,100 $312,300 $109,200 $327,600

Note: (1) Additional benefits of project are to areas in Study Area =/t2.
(2) Benefits of project are to areas in Study Area #5.
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1-15 FORMULATION OF FLOOD COUfROL PLAN

:). Gener';,:!l - 'r;le proposed phn of improve~.ent is :) cOr.1prehensive program of

flood control mQ~::Jure(> desie;IlCd to provide flood ?l'otec'vion for t:'1e b<Jsin :md to

provide Q baGic Gystem of dr.:Jinnc;c cn::mnelz to neet j?resent needs and the needs of

future ul'h..Hl. dcvelopr:.ent 0l' "":iC :H:e:;).· Close co-ordln3tion of the various elements

.c'-' rcquL:cd '~O o'uL:..;in :J sound f\u:ct.ion:.ll pI'oject. 0... inuncdi3te urgency is tile need

i'or ,Pro,,"cetlon i'l'om extern::;l floodinG' A~ost equ'31::"y important is the need for :l

SyStCI:l of I.ll·Jin:~Ge clLlnnels for internul druln:..l[;C: dnd for uncontrolled 3re:,;\S to in-

sure tD:~t t:.e u.;;nef:Lts fl'Oll'. detention reservoirs :mc. di .....er::;ion nre' :fully realized.

"0. 'Cc-op~r ...\ tlon wit.l Fcder:~1 P;'o~r_lr.:ts - Laplement3tion of t:je proposed pl.:m

of l::l.~)l'OVeI;lcnt. will require c10se CO-opcl'~tlon -"ri t.l F-.:derCll progr::lms to effect ~l.1X-

i:aUj~: cc()r;o:~y :ir;~ to obt.1in tLe [10:>:' effect.1.ve flood CO[ltl'Ol. T~.e usual requirements

for ::'OC:J 1 j;l:.l~·t.ic':'p;Jtion in Soll CanSel'vJtlon Sel'vlee projec~s must be met 35 will

be nc::' fort.: L~ t:1C l'epor'::; beinG prep-ll'ed by;".ut :l3cncy. Specific opportunities

for co-oper'Jtion wit.l Io'eder:.l1. progl':;u:J.s to effect Geor.olay :lnd bettel' flood control

(.;.) 'l'..e SoL.. Con3c,:,'vJtlon Sc:rvicc S::'l'ucti.<~'esu·c :.1 prerequisite to t~~e

" ., 1 too..L n.3 "v;.~..L. d ~0:1 be protected On the

e:_L:it side of tile v:llley. AL tIl(; pr'cscn;;' til.'0, tij8Y ~entively plan (,l closed conduit

Hain

18~3es to Jll outf31l. By ?rov':'dinC ~ collection O~ diversion cl~nnel to c3rry these

.L·c10:..1::;25 ::Ilone the contour 'c;o :lrc:.Js 'where l'ec~;::;rge L:cilities C3n be located, this

costly conduit c:m be eli:llin:~ted ~m~l:~;;.le s'.lr:l.e time w:1ter conscl·ved. Close co..

ordin:Jtion of co::struction of t:.C' !':)llec '.;ion ~md. dlversion c~i:.:mnel with the con-

3tl'uctlon of'Le SCS st::::uct'.ll'C3 would be l'::quir'ed to effect this economy.

(~) r.r.~e Burc:m of Rccbu:.Jtion pLH:S :.m i:'l'i(3.1tion canal, designated on

tile B"3in Pl·OjCC·v H:.1p as the Ccntr:.::l Arizol1:J Project Canal. By constru~t:ing the
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pr0posed dike ..md divel'aion channel in conjunction with the construction of this ]

cam].,. sQvings cun be effected ,by an overall b~lunce of eClrth q'L\antities ~nd in
. i .' '! '.,

elimin;Jting drSlin~lge st~'Uc~ure3 otl1el'wi3e required. Construction of the proposed

Queen Creck Detention 3nd D-b:ris B:.lrrier Reservoir will reduce the size of t:le

dn.inagc structux'c required ur~d2r the Bureau of Reclamation canal. Co-ordination

of consi;.ruct.i.on schedules waul!;) be required to IJl.'lke this possible.

c. .R~siii!l.~nd. Constr~ctiot1of NOl~-Fed..er31 P~~o5::.'am ~ 'the praJ9ct$ wh:j.gh G.om­

prise tpe plan of improvement for tl:e Non-Feder:3l P.;.'ogram f3ll intot.llree categor-

ies, as follows:

(1) Projects x'equired to extend the control and protection ag3inst ex-

ternal floodinB,. provided 'by the l"ederal Program.oi' SCS structures and the exist-

in~Whj..n.~w R::~eJ."Yoir, to the entire vall.cy.~.

{2) Project:> required. to insure'oenefits 3fforded by the flood control

l:J.e:lSUl'es ugainst external flooding :u'e :f'ully realized, now and in the future •

. (3) Projects required to provide protec~ion against internal floodinG

due to increased runoff from expanding population centers.

The ~;peCifio projects which mal,;? up tne N..:m..l~ederal P~'ogr3m grouped \'iccord..

tng to the foregoing catcGorJes ,md in ·tL:Jt order', are discussed in "';jhe following

par'Jgraphs:

(4) The projects in category (:) Qre:

(a) The proposed Queen C::'ec:k D~,tention and Debris Ba'1'1'ier Heser-

vo:Lr ol?er'..ltine in conjunction w:L·~h the SCS structures would complete the Pl'otcct,i..on

lror;1 exten;;Jlflooding from t~lO C.:lS~~ sid·::; of tile b3sin, T;.is project would cost

$1,)+99,000. T:ne :;mnu31 chClrgcs vould be $73,21+3 us cOlllpurcd to the estim::ltecl annual

be~l{;fits of $349, LX), '1\18 J;'csu::'tnnt ber,efTc/cost 1':.1';;io is 4,(6 to 1.

(b) The proposed U....mt IIibh\';:~Y dikemd ell.version cl"lnnnel with t:le

detention rcservoi:r, in Study A_'CCi #6, are t,becompol1ent;:; of the project required

to provide protection fl'()T.~ (~xtc:rm.\l flooding fror.l t .. '~ SQn:~Jn und Goldf'ie.ld, Hountain
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avea. This project would cost $937,860. The annual charges would be $40,270 as

compared to the esti~ted ;Jnnual benefits of $74,000. The beneflt/costntio is

1.84 to 1.

(c) In the Salt River Mountain area, Study A.tea #1, the proposed

dike and diversion channel 'operating in conjunction with the proposed.detention re­

servoir would provide protection from' external flooding on t:le west side of the

basin. This project would cost $1,524:960. The annual cn3rges would be $67,430 as

compared to the estimated :mnual benefits of $174,700. T:IC benefit/cost pUo is

2.59 to 1.

(5) TIle projects in category (2) are:

(a) The proposed dike and diversion channel on the upslope side of

the Central Arizona Project Aquuduct will divert flood flows from the uncontrolled

area below the SCS structures to Queen Cl'eek J.nd will serve ::15 ::l collection ch:mnel

for carrying reservoir rcle3scG to rec~lurge f3cilities in '.:,: ..e vicinity of Queen

Creek. This project would cos t $487,000, The :mnu:.l1 c::r.u'Ges would be $18, J:j-r 3::>

compared to the estimnted .:mnual benefits of $109,200, giv~ng 3 benefit/cost r:)tio

of 5.95 to 1.

(b) The proposed dike :.lnd diversion dlanncl on the upslope side of

the R.W.C.D. M::lin Canal would divert flood floW's from t~ie lc:rce uncon1..rolled desc!'c

are:.1, lying between t~:.e R.W,C,D. r-bin Canal Clnd t"~e CenLl'Lll A.'izon:.1Project Aquqduct,

to Queen Cl'eek. This project would cost $1, 70;~,(80. Tile .:nnu:.1l cnJrges' would be

$70,184 us comp~red to the esti~ted 3nnu~1 benefits of $~J4,lJO. The benefiL/co3t

r~.ltio would be 1. 48 to 1.

(c) Trle proposed dlkes ::Ind diversior: c.mnnels,in St'..;1dy A.'co #-3, would

divert flood flows from uncontrolled dreJ.S to outf:ll1 :...:'v Q;..icen Ck'eck. T.e uncontrolled

are:iS, now agriCUltural, Cll1 be expected to be p31'tUlly b'lild-ove~' in tae fOl't~:;ce~

able future. Tlle cost bf t:"is project would be $2,5:->2,120. The annu::.ll c;'urges

would be $103,633 3S compan~d to estirr.ated ..mnu:.ll bcnc~its of $208,20J. Thls gives
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[1 benefit/cost r~tio of 2.01 ~o 1.

(6) T,le project in cutecory (3) is:

(a) Ti,e proposc:d system of outfdll channels, Study Area #2, would

provide protection from intel':lCll flooding from increased runoff from trle expanding

popul:1tio::-, centers of l-1es~, C.ii.mdler and Gilbert, and c;J.rry flood flows from this

3re.J to t;jC Gll::J Hiver. Tile cost of this project would be $2,945,160. The :mnual

cIl;1rges would be $121, 311~ 3S Comp.:lx'ed to the estimnted innual benefits of $426,800.

The benefit/cost r3tio is 3.52 to 1.

d. Recorrmend3tions for Acquisition of Existine; Flood Control Facilities -

T:.'Hi ::lcqu13ition of tr.e following existine; flood control fncilities is recommended:

(1) Trle waste-way channel from the vicinity of West Chandler to tnc Gila

Riversbould be :3cquil'ed. This f:1cility is nei.l Cit present by the Salt River W:.lter

Users ADsocLltion but the possibility of it reverting to former owners in the 10­

mediate future is irruninent.

(2) All of the Queen Cl'eek cLlannel in l-bl'icoP3 County including access

rignt-of-way, sllould be olltuined. The proper care ::lnd r:JOintainunce of this important

draillUge w:J.y will !l3Ve :3 direct bearing on the effectiveness of the proposed flood

con~rol me;1sures.

(3) Tlle improved dike and diversion channel from :3 point in the vicinity

of Williu!:l.s AFB to Qucen Cl'eek is needed.

e. M::.1::rtcr 1'::'::.m For Future Development - As discussed under "1_12 SOl1JT10NS CON­

SIDERED AND PIAN OF DEVELOPMENT, It :::i detailed master pbn is not practical. However,

gUide-li~cs 1'0::: future development in flood pla~1.s ::lnd reservoir areas can be es­

tQbliS~1Gd "\V;:ici1 will realistically control such dzvelopment. Guide-lines can also

be est3b1l3dcd to set forti.l the drainage facilities that should be provided with any

development in t:leuncontrolled :::11'e3S of the b::lsin. These guide-lines are discussed

in the following puragraphs.

(:;.) Any improvements C:ln s,lfely be constructed in the flood plain adjacent

]
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'Table No. - 1
JUi':;r,ll\JIJ OF RECQI,n'lENDED PROGRfJ·1------.. -----=---~-=

Project Cost

SCS structures urgt:mt.

lonf'.r~ ~ .__~__
10ng range

. 2.&.2..!l:2l160 J'22 :L-,.

1,1~221000 4,16:1

22z 860 L84:l

- 1;5.gh5t60 ~~

1i706,:z80 1~!1

2 1 52,2 L120 2001:1
. -~

immediate

iImned1a t e

urgent

u.r,gent

Otit.fall channel 3ystem in
S1,£~ Are..l No.2. .
Queen C.t·eek detention and
d e,E!',is bcn:-ri er dam . _
Detention reser-voir and dik€,
and d.iversion channel in
Study A::C3 Uo. ,.;6;;,......~~~~~ immediateDetention resenofr: and clik,~'~~~"':;;;;;;';;;;;;;; ~--~---~

:.md diver::don channel in
Stndy A...·e',) NOe 1 immediate
~.=...;;;;,[1·o~~= __ . • _. ._~-.,..,....,.........""",,"~""~_. __~""""

DU;e ~nd diversion (~hcmncl

~sjd~_5Jf_Roo_s~lt G:J~al "._~~.
Dike i'lnd div01'sion channels
in Stud~ Akea No. 3
EXtension of outfaD. channel
to ails, River -
StUd,Y,,"Are~=..;;~~o;..;..~2~_~~~
WhitlQW Canyon Re~ex-'ifoir

--~~----~--~ ~~~-~.,~~-._.-----~---~------------

it The cost. of SoC.S. structures and Flood Control Distrlct r/w cost will be
C0verea by the Agency' in a se~r~t~ report.

i
;i,
j
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1

to the dike and ct~n~~l diversions, outfall channels and in reselyoir areas pro- 1
vided th·; mi~limum :O..rV)r 'elevation, or critical damage elevation 1:5 110 more than

1 to 2 fe-et belO~n thic
, ~'ir\~er surface elevation of the Svandard Project l·... lood. The

water surface elevatia,!, ()f the Stand:ud Project Flood will norma lly be at appl'oxl,~

mately the top of dike Qr 2 to 3 feet below the top of d\1m. Dikes'protecting urban

qreos will be from 2 to 3 feet above the Standard Project· Flood water ·surf3ce eleva-

i';ion< Arens may be nlled to attain the required minimUI:l floor ele'hl,tio!1s or criti-

cal damage elevl:;tions provided the fill is borrowed in and adjacent t.o'the cpannel

Qr, in reservoir areu3, from the effective flood control pool are~.

(2) Where extensive development is undertaken in 'the unp\:'otected desert

areOG, dike und diversion chan~els should be provided upslope of the developmelrt to

collect and divert e;);,ternal flood flows to suitable drainage ways.. Similar dike

and channels should be provided below the development to collect the increased flows

in order thAt ··develbpment'.'belou tI:U.l not·be:"ag:V:er'8e'ly(:~ff/2cted.

(3) Development in the protected areas of· the valley sho~li have adequate

i

internal drainage facilities to carry flood flows to the proposed out-~all channel

syst€'m.

f. SUIlm'.ary of_RecQmme~ed Program w The projects that make up tius recommended

program of flood control for Study Area No. I, Southen~tern MaricQpa County, the

Queen Creek-Gila River Basin, are summarized in thef'ollowingtab+a;
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APPENDIX I-A

HYDROLOOIC AND HYDRAULIC ANALYSIS

INTROWCTION

1. General - The purpose of this appendix is to present the basic hydrologic

and hydraulic data used in the development of the flood control report for the

basin. A further purpose is the discussion of methods used in the hydrologic

and hydraulic analysis.

DETERMINATION OF PROJECT DESIGN FLOODS

2. General - The basin and its streams are of such nature that synthetic

methods must be used in the determination of project design flood flows. This

involves correlation of rainfall data and frequencies with runoff character-

istics of drainage areas, regional analysis of stream nood now data for simi-

lar streams and areas, and synthetic unit-hydrograph methods. A further con-

sideration is the effect of man-made barriers on nood flows. Dikes, bridges

and culverts, and highway and railroad fills induce storage modifying the peaks

of flood flows.

3. Standard Project Floods -The synthetic uni t-hydrograph method, as used

by the Corps of Engineers in-development of the standard project flood for
,

Whitlow Reservoir on Queen Creek, was adapted for determination of the standard

project floods applicable to 'the various study areas of the basin. The unit-

hydrograph method takes into account the shape of the area and the slope of

the terrain as basin characteristics. The basin characteristics determined

for the various study areas are shown in Table No. I of this appendix. Correc-

tions for the differences in annual rainfall~_ and for the differences in in- '

filtration rates for desert and irrigated lands as cOm,Pared to mountain area&,. .

such as that above Whi tlo'W Reservoir, we'terequ.ired, ~eres~~t f.Jtap.~d

4'".
project flood hycI.rograpbs, are shown on PlatesNo.7th.~OU8b tiQ~ 121 .~. t)1Q~e
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to be expected from natural streaIllS' The effect ~ -eXi.~~-mad.e barriers

when taken into account by use of inflow-storage-discharge relations result in

the modified hydrographs as shown on the aforementioned plates. A further mod­

ification could be expected in connection with the proposed flood control pr.Dgr~1

This) however) will eventually be offset by the building over of large areas

of the basin.

4. Project Design Floods - The flood flows used ·as the basis of design on a

project are based on the magnitude of the flood to be expected from a given

area and its frequency of occurrence.. The degree of protection necessary is re­

lated to the type of property to be protected and the type and amount of frood

damages. Consequently) values for flood peaks of several different frequencies

may be required. Flood frequencies and magnitudes wera determined by first cor­

relating rainfall intensity frequency data obtained from Weather Bureau PuQli~

cation No. 28, with the run-off characteristics of each of the study are~~ Of

.the basin. These rainfall runoi'f frequency relations vere :tLtrther correl~~Q~

with the standard project flood applicable to eabh study &rea to obtain ~he ~.e­

quency of floods of various magnitudes. Design criteria was establish~d for

the various types of flood control mee,sures .contemplated. To facilitate.tAa

determination of design :f'lowsfor incremen.tal areas within tfe study are2l,s;

"drainage area verses c.f.s. pex' square mile" curves were developed which t~e

into account .the shape of the drainage area. The values detelmined from theQe

curves were. adjusted by inflow-storage-discharge relations to reflect the flow

characteristics of the nood control measures under consideration as cODli9al~eQ,

to natural streams. These design flows for 1ncrensental areas are shown in

"Pertinent Data - Channels'! 1 Table No.2.
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Table No.1

Gila River - Queen Creek Basin

Lag and Characteristics of Study Areas of Basin

Study
Area

1 34 6.4 3·0 62 ·2.4 1.5

2 110 14.4 7·2 6 42.3 4.6

3 ge 22.8 11.4 4 130.0 7·0

4 123 11.6 4.8 30 10.2 2.7

5 18~** 17·0 11.5 19 44.7 4.7

6 30 9·5 5.0 66 5.8 2.2

* See Pl. 6 for J.a.g curve

**Inc1udes area of Area 4
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Table.··No. 2

Pertinent Data - Channels By Study Areas

Study Area No. 1
Bottom Dike

Length Width Depth Height
Reach ~feet) (feet ) (feet) (feet)

1 (to R. D. (#2) 4~00b 10 4-0 8-1~

2 (to R.D.( :fie) 13~OOO 10 0 12

3 (to R. D. ( :/11) .6,000 -20 5 7·

····'·4 'Tto "R::b~Clllr 10,600 20 5-3 "-67.

>?:'( from west) ,10,600.. 10 5 .7

. , ., Study Area No. 2

l~Me.sa ,late;ral 9~250 50-100 8 3

~-~~a,lat:~ral 7,950 100 8 3

.'+:';'Gilbe~tlaieraJ. 15,850 25 6 '3

l-Main channel . 2,640 100-30 8 6

2,;,Main.channel 10,600 30 8 6

'l-ChancUer lateral 5,300 25 3~6 3

2~Chandl~~,lateral 7,950 25 6-8 3

.',3-Chan-dler·'.lateral .2,640 25-10 8 "3-6

.4-Chandler lateral 25,100 10 8 6

3~Main channel 31,700 30 8 6

I-A-4

. ~ .

1

J

I
I

-- IDesign S.P.F.
Discharge DiSChar~e
(c.r.s. ) (c.f.s"

)
20<;>,-2yr. 1,400

260-2yr. 3,600 I
260-2yr. 1, 900

580-2yr. 4',600 I
360-'qr. 3,400

2200-5Oyr. 4,000

4600"5(jyr. '7,500

'600-5Oyr . 1,100

1600-5yr.
1

5,600

1600-5yr. 9,700
\

6oo-5Oyr. 1,100

1600"5Oyr. 3,000

900-5yr. '3,300

·900-5yr. 3,600

1600-5yr. 9,700
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Study AF~~ No. 3
Len~. Botto:.i .. . Dike Design . S.P.F.
{,:f'e§t) Width Depth Height Discharge Discharge

Reach : Data) (feet) (feet~ (fee.il (c.f;s. ) (c.f.s. )

Consolidated Canal:

1 10,000 15 5 3 330-5yr. 1,100

2 15,300 15-35 5 3-4 600-5yr. 2,000

3 18,500 35~40 5 4 660-5yr.'ll- 2,200

4 24,600 40 5 4-5 600-5yr. 2,400

5 29,100 40 5 5 600-5yr. 3,000

6 10,600 40 5 5 600-5yr. 3,400

.
(*Urban development)

Eastern Canal:

1 19,000 10 3 4 80-5yr. 1,500

2 14,800 10-15 3 4 110-5yr· 2,000

3 16,400 15-20 3 4-5 170-5yr· 2,900

4 26,400 20 3-4 5 210-5yr. 3.,600

5 44,000 .20 4 5 240-5yr. 4,200
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•
.. Study Area No~ • 4& 5

Length Bottom Dike· S.·P.F.
(.teet) Width Height Dischar~e

Reach 'Data, fe~t) feet) c.f'.s.

Roosevelt Canals:

11 10,600 15 4 4 19o-2yr· 1,570

2 14,800 15-25 4-5 4-5 470-2yr. 2;000

3 14,800 " 25..40 5 5-6 650-2yr. 3,300

4 ,21,'000 40-65 5 ' 6-8 I,OOO-2yr. 4)700....

"; 31,700 65 5 8 1,OOO-2yr. 4,700

Central Arizona

Project Aquaduct:

1 22,100 15 3 3 110-2yr. 520

:2' _40,700 ~5-20 3~4 3-4 250-2;Yr. 7f30

3 27,000 20 4 4 250-2yr. 780

4 22,700 20 4-5 4-8 ~0-2yr. 3,000

; (from south) 19,000 20 5 4-8 360-2yr. 3,000
. ,

Study Area No. 6

J 7,400 20 , 8 ,600-2;yr. 4,400 I,"

2 12,150 20 5 8 6So-2yr. 4,600

I3 15,800 20-30 5 8 800-2yrf 5,400

4 18,500' 30 5 8 1,900-2yr. 11,000
J

1

J

J
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Table NO.3

Pertinent Data - Dentention Reservoirs in Non-Federal Program

Reservoir
Study Area

No.1 Study Area Whitlow
Data Queen Creek RD #1 RD If2 No.6 Canyon

Drainage Area
in Sq. Miles 262.0 26 8 30 38.7

Type of Dam Eatthfill Earthfill Earthfill Earthfill Earthfill

Height of Dam 33' 35' 30 1 45' 96'

Approximate
Length 21,000 29,200 1,100 6,000 758

Volume of Fill 1,640,000 1,0082 541 70,000 300,000 635, 807 ey

Flood Control
Storage -

Capaei ty 15,980 6,000 2,000 4,500 5,888
Area 1,273 Ae. 550 200 230 128 Ae.
Elevations 1,595 1,153 1,290 1,433 2,094

Spillway Capacity
524 60Primary 70 20 80

Auxiliary 27,000 34,000 8,000 30~OOO 12,Obo
e.f.s. e.f.s. e.f.s. e.f.s. e.fos.

I-A-7



BASIN INDEX MAP

FLOOD CONTROL REPORT

AREA I

"

LEGEND

(SALT RIVER DRAINAGE AREA)

NO. 8

NO.3' '. STUDY AREA NUMBER

9,700 C. F. s1 S P F. . . PEAK INFLOW AND MOD IFlED DISCHARGE
24,500 C. F.sj '" OF STANDARD PROJECT FLOOD

@ SHAPE FACTORS FOR HYDROGRAPH DEVELOPMENT

~ POPULATI'ON CENTERS

NO.7

(S.C.S. STUDY AREA)

ROOSEVELT DAM
,..J)

/r
f/(>

((
HORSE MESA f) 1"\ AIr
DAM~ __ JLrV"'-\/1 ) ...,....

""- ..I\. "2 ;J

SAHUARO LAKE j"~ ? -...1' \---~ -(4- ,-" (('~;;(~ ~
STEWART MTN. r '( ~1\~ (:.1 APACHE LAKE

DAM --.s--\. '>?) L-,r,'T l...
~ .......... ./ ~'{'lr"'o s-""./.;;;v

~\\I~ " --~{,r'\.f
MORMAN FLAT J; ,s CANYON

DA M~ it ","",,~KE

NO.4
D.A.=123 SQ.MI.

28, 200 C. F. s} S P F
60,700 C.FS. '"

GRANITE

~~
~'\17

""

\\ Q

CO~
~~
~\

f,l
)

J
~ '/'J' f

"\---.J\' '---y" -1(~7~""'Jj
"" J.'}{"'"

(~~~I I~
~! ~ ""'I ~.~.'\ ) \/ ~~'?:

\i.-.. ... /rW~.I.~.~~AM f ;])r'
.J-' "\;............... '. 0u. ··0i' '~C1' ..j SUPERIOR

~+- "'-.- ... ....--A ... .-/

v~.p."
~// 0

Q,§:jP'" FLORENCE JCT.---.,
....... ~ NO. 9 .. ...-----·

N
'O" ~5 '.. __ ... .....---.f;:;;;\- ." -\ "'(QUEfNCREEK. _. . ® \ CORPS OF

}

D.A. = 184 SQ. MI. (INCLUDES N04) \ ENGINEERS)
7,600 C.F.S SPF.; 22,800 C.F.S} S PF
14,400C.F.S. ··;'Z..58,700C.F.S '" '\ "

" I 5 1
60 0 C. F. S. S P.

24,000 C.F.S. '"

NO.6
D.A.= 30SQ.M!.

NO.2
D.A.= 110 SQ. MI.

GILBERT

CHANDLER~t"

9,700 C.F.S} S P F
24,500 C.F.S. . ..

•

APPENDIX - A, PLATE NO. I
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FLOOD CONTROL REPORT

AREA I

APPENDIX - A PLATE NO.2,

PRECIPITATION AND TE MPERATURE
STATIONS IN AND ADJACENT TO

THE BASIN

STATION LEGEND
o PRECIPITATION ONLY

D- -()- PRECIPITATION AND TEMPERATURE
-¢- PRECIPITATION, TEMPERATURE AND

EVAPORATION

RAY

... / SUPERIOR

S.W, ARBORETUM

10'

10'

,.,~".

RI VER r-" ...~~:
./.../ ... -........ ...r-:

FLORENCE JUNCTION

20'

20'

FLAT

30'~ ...

~
~ ,.,cRg.~·

'" OUE£ ~~. NO.9
NO.~ ... -.-J"'"'" ~---i..'" (QUEEN CREEK

D,A.= 184 SQ.MI. (INCLUDES NO.4) , CORPS OF
\ ENGINEERS)

\
\ /

40'
l
STEWART

40'

- '"

-o-SACATON

GRANITE

CHANDLER

50'

50'

NO.2
D.A.= 110 SQ. MI.

i
l\ I,... .'sr .

..~
TEMPE'" NO, 2

-oCAMELBACK

... .--/'

.'

112°00'

112°00'

•

•

•

\'

1
\. r-~

NO :'\ r-- JT .~
Isc.S. STUDY 4.'4'''-.-/ . ...y:.,-/·!

-<t-KINGS RANCH f Y ~
SUPERSTITION ~T. I ..

)V'":=-:--I-I--------t--~~-IW)_:;:_--++_1f.A::TIN~O.:....:. 4i-a.-"M"""I-~~--+_--~~---------P~~4-~-------J-----~-~Sr~~2=tCiNO.3 D.A. =123 SQ. M I. ' ~ ) 20'

D.A. = 98 SQ. MI. ~

f .: I ~~~~ DAM
...~ . ~, '.

'-

30'~--i----------t-----;;-:-:-:-::----:,.. .,L----p~'-...=----------+--------NO-=--._8_---+ -+-_~~---------l-30'

-<tHOENIX



flOOD CONTROL REPORT.
AREA I

ISOHYETS
TOTAL STORM PRECIPITION

19 AUGUST 1954

INFORMATION: WEATHER "BUREAU

AND CORPS OF ENGINEERS

STATION LEGEND
o PRECIPITATION ONLY

{)- (t- PRECIPITATION AND TEMPERATURE
-<)- PRECIPITATION, TEMPERATURE AND

EVAPORATION
2.6 PRECIPITATION IN INCHES

APPENDI X - A PLATE NO. 3
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.---------+-- 30'
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~ ROOSEVELf
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.. ' . ~.
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II
STEWART

~
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-o-SACATO~ .

I ~
I
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/
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~
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.'

TEMPE" NO.2

•
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--- ... =-""'" ,

.. --"
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--' '
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APPENDIX - A , PLATE NO•

STREAM-GAGING STATION AND
NUMBER.

PROJECT FLOOO- CONTROL BASIN .

LEGEND

V~CINITY MAP

SC Eo 10 20 30 40 'OMILESAL E3 \H E3

C:J AREA COVERED BY MAP

OfFlC OF,.. THE DISTRICT ENGlN~ER

L S ANGELES CALIFORN IA
ACCOM NY DESIGN MEMO NO.1 DATED JULY 1957

- HYDROLOGIC MAP

N

GILA RIVER BASIN, ARIZ" a N

QUEEN CREEK, ARIZ.

WHITLOW RANCH RESERVOIR

*
2 STREAM- GAGING STATION ANn

NUMBER (DISCONTINUED)
NOTE;

ISOHYE TS BASED' ON GILA RIVj::R BASIN
PRECIPITATION RECORDS (1868~ 1939).
CONTOUR .INTERVAL 100 FEET.•

DATUM IS MEAN SEA LEVEl-.

PRECIPITATION STATION AND
f) NUMBER (NON-RECORDING)r

14- P-25

A

- t - BOUNDARY OF PROJECT DRAINAGE AREA.

.
• PRECIPITATION STATION A D

14- P-52 NUMBER (RECORDING).

--/4- LINE OF EQUAL MEAN.- SEASONAL
PRECIPITATION IN INCHES.

7----..,....--- -_._--

•

r



.'

!.. - L_.,-_---'....,

U.S. ARMY

y

APPEN [i)IX - A ·PI ATt:' M

o 5
.~ALE F3 E3 E3

GILA RIVER BASIN, ARI Z.
QUEEN CREEK, ARIZ.

WHITLOW RANCH RESERVOtR

ISOHYETS

TWAL STORM' PRECIPITATION
i. ~J9 AUGUST 1954

OFl1t'CE OF THE DISTRICT ENGINEER
LOS ANGELES, CALIFORNIA ..

.,.. ACCOMPANYDESI NMEMO NO.1 DATED: JULY 957

,.

"CO

/

,

.........

"

,,-. .I l
, I ..: ...-- • -;.. /

, .... ' '~~Il ~'
~-t~' ~1\ J'. .-'
. J\l ~

~! -

:f (
I

'..

v

.' ,

..
0.':;:--- ,_\_,

•

'.

t

. I "
-~I- ....... --- -::-.- --

•

I I

lr~

. 0.5

••
'. \

\ .... ,

t
0.0,

I,
I

.~B /.\>!;\ ,,-
/~----- --- ,(~./;::- ..... - -"' "

I'
.L
rr- "1j-~

.STATION

STATION LOCATI~ AND
IN INCHES •

, I

/

.,t I
• I

~. I
.1 ._....1_ ..

( handl...

STREAM - GAGING

PRECIPITATION
PRECIPITATION

"'...

LEGEND

•2.5

A

- I - BOUNDARY OF QUEEN CREEK DRAINAGE ARE;A
...

II.Lf1LLI~ BOUNDARY OF PROJECT DRAINAGE AREA

,/

, ..
. ,I/. I

-2 -LINE OF EQUAL PRECIPITATION IN INCHES

:...~ EXISTING RESERVOIR

•~ PROJECT FLOOD.- CONTROL BASIN

. 0.6 t

• ..... ...r...._,"", • .....L t - _ ...t':"y _., ....",

,; .,' .. A ........ ;K',- l
" ~;. ~\.,,- ~ v·

I I' -; , j ",;' J
I •. ,
I, ,A'"
1 /~ I

III 1.?-7 --
/. I~ ,

~. I 1../ . 'f
It " ~ Il I L II I' \ .' 0 .~;

---~------------~----~-~----~~-• 1'1:'-\[ (II.! 1:\'
I ~ 4' ~

/ /

;I
/

--~,
':-~--:-:;

N

,

I

'--. - _0_---

"

\

\

I
'I

I.

{
/

I

r



RELAT tO~Stit PSA

IERMINOLOGY. I

LENGTH OF LONGEST WATERCOUR
>

LENGTH 0 lO~GEST WATE~COUR

MEASURED U STREAM, TO PEHNT
OPPOSIT~ CENTER OF AREA.

OVER -ALL SLOPE OF DRAINAGE A8
BETWEEN HEAOwATER 0

COLLECTION POINT.

ELAPSED TIME FROM BE 1- NING of:'
UNIT RAINFALL TO INSTANT mAT
SUMMATION HYOROGRAPH ptE.AC'H~S

50·/. OF" ULTIMATE DISCHARGE.

.. GfLA RIVER BASIN) ARIZONA AND N
QUEEN CREEK, ARIZONA

WHITLOW RANCH RESERVOIR

~.

* EXCLUDES AREA ABOVE COGSWELL· ~

DAM.
** PALOMAR MOUNTAIN PORTION>. ~ltnRE

AREA IS 319 SQUARE MU-ES, OF WHICH

151 SQUARE MIl.ES 010 NOT CO TRIBUTE
APPRECIABLE FLOOD FlOWS DURING

THE FLOODS ANALYZED .
*** UNIT-GRAPH STUDY BASED ON R OFF

RECORDS FORt SAN FRAN I~CO RIVE
AT CLIFTON (DRAINAGE ARE 279.0
.sa. MI.)

#: EXCLUDES 25 S.QUARE MILES

TRIBUTARY TO BAL,DWlN LAKE

AND 767 saUA Rt: MILtS TRIByT

TO LAKE ELSINOwE .
!

LAG=

L =
LeA =

S =

000,200 30040 60 eo
L' L CA

S Y2I
1

DRAINAGE
AREA L ~ S LAG

,I
sa. MI. MILES" MILES FT/MI. HOURSI

I ~

I. SA-N GABRIE RIVER AT SAN GABRIEL DAM,CAllF.* 162 23.2 11.6 350 3.3

,.2. WEST FORK SAN GABRIEL RIVER AT COGSWELL DAM,CAll F, 40.4 9.3 4.2 450 1.6
'3. SANTA ANITA CREEK AT SANTA ANITA DAM,CAll F. 10.8 5.6 2.5 690 1.1

,4.•SAN DIMAS CREEK AT SAN DIMAS DAM ,CALIF. 16.2 8.6 4.8' 440 1.5
5. EATON WASH AT EATON WASH DAM,CALIF. 9.5 7.3 4.4 '600 1.3
6. M-URRIETA CREEK AT TEM£CULA, CAll F. 220 27.2 10.3 95 4.0
7. SANTA CLARA RIVER NEAR SAUGUS,CALIF. 355 36.0 15.8 140 5.6
8. TEMECULA CREEK Ar PAUBA CANYON,' CALI F.** 168 26.0 11.3 150 3.7

9. SANTA MARGARITA RIVER NEAR FALLBROOK,CALIF. 645 46.0 22.0 105 7.3,
IQ EAST FULLERTON CREEK AT FULLERTON DAM,CALIF. 3.1 3.2 1.7 140 0.6
II. TUJUNGA CREEK AT BIG T\JJUNGA DAM NO.1, CALI F. 81.4 15.1 7.3 290 2.5
12. SANTA MARGARITA RIVER AT YSI DORA, CALI F. 740 61.2 34.3 85 9.5
13. L.OS ANGELES RIVER AT SEPULVEDA DAM I CALI F. 152 19.0 9.0 145 3.5
I~ .PAYOIMA WASH AT PACOIMA DAM, CALI F. 27.8 15.0 8.0 315 2.4
15. GILA RlVERATCONNER NO.4DAM SITE,ARIZONA 2,840 131 71 29 ~.5
16. SAN FRANCISCO RIVER AT JUNCTION WITH BLUE RIVER.ARIZONA *** 2POO 130 .74 32 2 .6
11. BLUE RIVER NEAR CLIFTON, ARIZONA*** 790 77 37 65 10.3
18. SAN VICENTE CREEK AT FOSTER,CALIF. 75 182 7.4 III 3.2
19. SANTA ANA RIVER AT PRADO DAM, CALIF.*' 1,466 68 26 115 13.0
20.,SALT RIVER ~EAR ROOSEVELT, ARIZ. 4,310 160 66 45 le.G
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DRAINFALL

DRAINAGE AREA
Q. 0:: LOSS

34 SQ. MI.
WI

CJ) >W AVERAGE
.

~
0 ~EFFECTIVE RAINFALL

RAINFALL DEPTH OVER AREA:

0 w TOTAL STORM
z ~ 2 (SURFACE RUNOFF) 3.80 INCHES
- <{

z a:: NOTE: HYETOGRAPH DOES
EFFECTIVE, TOTAL STORM 2.80INCHES

...J w 3 NOT INCLUDE 3-HOUR RAIN RUNOFF

...J C> .
<{

<{ a:: PRIOR TO THE STANDARD TOTAL FLOOD VOLUME 5,080AC.- FT.u.. I

Z ~ 4
,I PROJECT STORM

<{ <{
t'a:: - ;1,.

60

50.
(/)

V PEAK INFLOW 32.200 C.F.S.u.:
0 /

/ \
0
Z 40

V<{
(/)

/::::>
0
~ <~

30
I

z

( \-
'W rl

C>
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0::
<{

t,
~ MODIl$:'IED DISGJ lARGE 16.6 OOG. ':::S.
0 20
(/) V0

~ \ .............

\
,

10
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\ \.

J '"} ~ """'--
AREA NO. I

---0 '-....
0 I 2 3 4 5 • 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 HYDROGRAPH

TIME IN HOURS
STANDARD PROJECT FLOOD

FLOOD CONTROL REPORT.
AREA I

, APPENDIX - A, PLATE NO.7
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APPFJIDIX I-B
ECONOMIC BASE STUDY

INTROIlJCTION

1. General: The purpose of this appendix is to present the considerations

and methods of analysis used in the economic base study made :in the develop-

ment of the flood control report for the basin.

ECONOMIC ANALYSIS

2. General: Economic justification of a comprehensive program of flood con-

trol for the basin depends only in part on the past history of flooding and

flood damages. The future conditions to be expected during the economic life

of the project is an extremely important phase of any economic analysis. The

nature and amount of future flood damages requires a careful projection of pop-

ulation} industrial and commercial activity and the trends of development.

The reports on the economic growth and development of the urban centers of the

basin prepared by the Maricopa County Pla~ning and Zoning Department were used

as a basis for anticipating the flood damage to be expected under these chang-

ing conditions.

3. Economic Growth: The basin} along with the rest of Maricopa County, has ex~

perienced a tremendous eA"p,,,,~lsion in population end in industrial and commercial

activity in recent years, ''::0..''l.ti1'lued eX];)&.nsi'::>n of urban areas can be expected

wi th eventual. urbani zation o:f l!lUCtl at' the ba.sin. Thi s will have a marked

effect on the source of flooding F.1.nd on the kind and amount of future flood

d.amages. The present lend use of the basin i~ shown on Land Use Map, Plate iHL

1. The projection ot future eX];)'f.!lsion is also shoml on Plate No. 1.

4. ~ Damages: The Soil Conservation Service and the Corps of Engineers

have "-;xtensively studied the past history of' flooding and flood damages or tb~;

basin 0 These Federal agencies ha.ve lilEode a number of reports on these studi~'":

I-ll-l

. ". i,



At present, the Soil Consery~~ion Service ~~ ~reparing a report o~ Stu~ Area

No. 7,pl~ng detention r~~ervoirs to co~trol ~~oods origin&ting in the Super­

sti·Cion Mountains. The ~looll damages deterIlltned Qy these stuQ,ies were used ~~

evaluating the proposed progr~ with respect to p~esent conditiops.
~. • / . , !" ,

Flood dam-. ;

ages to be eXpected under future cond!tiona were eyaluated by tll~ ~ame meth.ods

utilized by these agencies. An extract fiom ji,' So~l Conservation Service report

which demonstrates these tepl:Ul1ques, is shown as Extract No.1, "Flood ~e$",
".,"'- "'f'" . " , •

5. Cost-Benet! t Determinations: The cost~pf!!nef.;l.. t analysi s of the proposed pro­

gram is based on an econ0Jlli9 life of 50-y~~a, The methods of 4U).alysia cO~;f0X"J1'l

:!.

to those used by the Soil Cpnservation S~rVtQlit ,mCl. the CoX1lS of Engineers" 'l!J:l~

re~mltant cost-bene:f'i t r~t~Qs are conside:r~!:l QQJ;~ervativer . Past exper1e~f:~ n~~

shown that, in general, the true economic 'benef1t~ of' pr~jectlil;'ot thil;J n~t\.l.J.1e c~:"'

not be anticipated.

and.this area. in partic~M'" and the effect of advances in tll~ s;ener~ technQ19q

over the next 50 years, eM only vaguely. ~~; ~tin,ed,. The ~rc?~re.m, j.tpel.t :P~llfS

new economic opportunit1e~, ~e import otwhi~h Q~ot bere~~~edat tPiQ,t;~~

Conse'quently, t~~ actual worth ot the prqpof3e<1 .progr~ of flp04 control. tor. tA~

basin maybe several timelJ ~at indicated br th~ 'l;>enef':1,t..cost' rati,oa shcnm.

I-B-2
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FLOOIMATER DAMAGES

Types of damage considered -- The p~incipal classes of property damaged
by floods in the ~ueAn Creek Basin are agricultural property, irrigation works,
highways, urban property, and railroads and other public utilities. Refer to
map 9 for flood damage areas. Damages are distributed among the various classes
of property as follows:

Source of information -- Information upon which floodwater damages are
based was secured in part from flood-damage schedules t~en in 1938 for .the
period of ~926 to 1938, covering approximately 25 percent of the farm area sub­
Ject to damage. Where possible, at least one farmer was conta~ted in each square
mile. Because of the short length of tenure of some farJllers, a few sections
were not covered by a schedule. However, the sample was large enough th~t it
offers a good basis upon which to estimate flood damages. In addition, damages
caused by the 1941 and 1946 floods were estimated on a basis of information
gathered from irrigation districts and from spot checks in the farming areas
affected. All d.amage estimates were adJusted to 1948 prices by appropriate in..
dexes.

Kinds of farm damages -- Floods damage crops in a number of ways. Alfalfa
hay that has been cut and still in the field is washed away or rots on the ground.
Some crops are killed by drowning or scalding. The quality and yield of crops are
reduced by introduction of weeds and deposition of sediment. Land d.amage con­
~ists principally of washing and sediment deposition. Other farm da.mage is the
destruction of irrigation laterals and field borders. Two important types of in­
direct damage are (1) disruption of irrigation services due to :breaks in irriga.,
tion canals and damage to farm irrigation systems, causing reductions in crop
yields; (2) introduction of weeds by the floodwaters, necessitating additional
expense for cultivation and in some cases delay in planting alfalfa on land that
has been fallowed for fall. planting.

100.0

Percent
67·9
18.4
6.0
5.8
1.4
0'2

Farms
Irrigation systems
Hig.lrways
Urban propert;}r
Railroad &utilities
other

Damage tc farms by a small flood -- T.h.-:, ;,';30 nood and also 1933, 1941; and
1946 floods,. ~w rein confider'" -\, are small :t! ·.•;;(,,1. They offer a 'basis for q.eter..
mining averag~ floc:5. damages caused by S;:;19~1.·1> ~·;;'.i"od. The 1933, 1941, and 1946
fJ oods were eSN~ntially the same type bO+,.ll ',{i rl :l~espect to area inundated da.m.ag~

tncurred. The average direct farm damage c"';.j:'E.:t~ by these floods ie estimated a~

$13h,OOO. The 1936 nood inundated a larger arel'~ with consequent rann danlages qf
$284,000 because ot' i tsbreaking .into the farm. area further nort-h than the other
floods. The"average" small flood is considered as a composite of these two tn>es l

t..nd the damages resulting from eo small nood are based on the flood frequence of
the 1936 flood type in relation to frequencies of other small .noods. It is e~...
pected that one nooc1 of every five will be of the 1936 type. ~us the aveJ"age
damage to. agr+cu.ltur@ resulting from a small nood is estiJOOted as follows:·

1

I
I
I
I
1

I
I
I
I
I
I
I
J

f
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<Direct farm damage
Indirect farm damage

Total danage

$134,000
31,000

$165, 000

Da.mage to fo.rms by a nediwn flood -- A mediwn flood will not only inundate
nore area ·tha.'1 a snall flood' but will cause r.:ore damage per acre. It is assumed
that the damage per acre by a medi~~ flood would be 501 greater than on the acre­
age inundated by a small flood and that the sw~e damage per acre would be in­
ct:.rr2d on the aaditional acreage inundated b:r a medilm flood. To illustrate the
method used, it is estimated that the averace small flood Hill inundate about
9,000 acres, rcst:.lting in damage of $165,000, or about $18,00 per acre. Tae
average mediun flood will in~'1date 16,000 acres. ThUG the r'l.amage that m&y be ex,
pected fron a ne~ur: flood are calculated as follows:

9,000 acres @ $27.00 ($i8.00 x 150%) :
7,000 acres @ $18.00 =

Total danage

The assur.:tptior..s used above are substantiated by a conparj.son of the 1936
flood with other small floods. The 1936 floods not only in~~dated a greater
area b'-lt also caused greater damage per acre. The direct damage for a medium
flood is estimated at $295,000 and indirect damages of $74,000.

Damage to farnw by a large flood -- Area imh'1dated and damaged per acre
would be increased proportionately by a large flood, It is estim;:,ted that a
large flood wot:.ld inundate fro~ 20,000 to 25,000 acres, with dama~e ranging from
$18.00 to $36.00 per acre. T~e resultant da.r.lage is estimated as follows:

Direct farm damage
Indirect farm damage

Total damage

$528,000
l05o()()O
~j:roOO -

I

Da6age to farms by a great flood -- A great flood would probably in~'1date

as much as' 30, 000 acres. Danages would be great., p..:.t'haps complr::te crops loss
would be susta::'ned On a considerable acreage dependi.ng on the season when the
flood struck. Crops not destroyed would be damagec by' lack of irrigation water
because of destruction of the irrigation system. Even after the 1936 flood it
was two weeks before irrigation water flowed in the Roosevelt 1,AJ8.ter Conservation
District car..al south of the railroad. A great flood ,1Ould pu.t the ca.'1al out 0:['

usc for a longer time. The damage caused by a great flood is estimated as follows;

Direct farm damage
Lld..:.:::::lct farm damage

Total damage

LARGE IRRIGATIOn SYSTEMS

$707 000
218) 000

192~);OOO

Kind of danage considered -- Up to 1949 the Eoosevelt Water Conservation
District has invested almost $80,000 tbprotect its irrigation system. That
the protection afforded has not been adequate is shown by the fact that during
the period from 1930-1945 the district spent abOtlt $55,OOC for canal repairs ne­
cessitated primarily by floods. One hundred twenty-seven·breaks were made in
the main caaal auring the 1933 flood. Because of the existing flood hazard, no
attempt has been made to repair the fanal lining ~'1d water losses by seepage havp
increased. Loss'of irrigation water because of ~eepage, which occurs to some ey..
tent every year irrespective of f100~s, is considered as an indirect damage.

I-B-4



DAMAGE TO URBAN AREA

DAMAGE 1'0 HIGHWAYS &; ROAOO

Extent of highway and roads -- About 200 miles of road are subject to flOOd
daJ:Aa.,ge, Farm roads are located at mile intervals . Many miles of these roads are
hard surfaced. One Federal highway and one,State'highwaY traverse the area.

Damages to highways and roads -- Highways and roads leading away from canal5
fro;m water courses for flood f).ows when the canals are over-topped. '!'hese flows
ca'llse some damage to the ~'llrface of the road, and more important, they do con­
~idera'ble d.aInage to the Mo'll1ders of' the road. Indirect damage are important.
nighw~ter ~d washouts necessitate detoure. ~ed roads resttlting from a floo'·
Q.d!i to the cost of tr~ficmoving over them. The road And highway d.aJn4ges are
estimated to vary fJ;'om f:J3,OOO for, a great flood to $9,300 for a small flood.
Abo'IJ.t one fourth of these amounts are indirect damages. A small f"lood will iso,"
::j.ate William,s Air FOrGe Base for 24 hours or more causing conl;Jiderable inconven~

ience to eml"'·.)Y'\""es ';;(f) commute to and from wOI'k.

Communities damsges'-- The towns HigleY and Gilbert have been nooded in
,the past. Although Higley is flooded by practically every flood, damage 1s nom..
ina), becau,se of the low ;property valuation. Gilbert I s most serio'lls flood since
the constructiO:l;l. of' the ~oosevelt Water Conservation District canal occu:rred in
.+933 when d.amages were over $20,000. Of' the total, $2,200 was indirect cl.ema6e.
'!he 1933 flood is classed as a small one, 'but past experience shows that all
emall floods do not damage or even reach Gilbert. It is possible that the dike
above Roosevelt Canal, constructed since 1936, is sufficient to prevent some
small flood 1'10'\016 from reaching Gilbert. The 1946 flood vith a low runoff and
low peak flow was intercepted at the outskirts of Gilbert by the Eastern CawLl.
:r~ ifJ probable that not over the two small floo@ in 100 years would caU$e ~;:;)

..o.rge floods wottld cause considerable ~e in urban $reaa. 'rhe estimates urof,'i"
~ge vl,\ries from $4,600 for a small nood to ¢$8,000 for a great flood. .AbO'!lG
15~ of tAifJ ~unt 113 indirect damage. '

Appendix I-13, Extract No. 11-13-5

Direct damage to irrigation systems -- Direct damage includes damage to
irrigation systems such as canals and laterals, structures, and pumping equip­
ment and wells. It also ioncludes damage to flood control structures built by
the irrigation companies to protect the main canal. On the basis of experienced
damages, direct damage to irrigation works varies from an estimated $41,000 for
an averllge small flood to $139,000 for a great flood.

I

Indirect damage to irrigation .systems -- Of'ficials of the Roosevelt Water
Conservation District indicate that the present flood hazard makes it infeasible
to replace canal lining washed out by floods. As a result, seepage losses have
increased 'by an estimated 800 acre-feet annually. Because this loss must be made
up by add;i. tional pumping} the cost of pumping is used as the basis for ev8J.uating i

this ty;pe of damage. The cost of' ;pumping (1948) is estimated at 4 cents per acre:
foot o;fl~ft, For an av~rage lift of 190 feet the cost is estimated at $7.60 per
acre-foot. The total cost for pu.m;p;i.ng 800 acre ..:reet is estimated at $6,800
annual.).y. No determination is made of the effect of the additional pumping on
ground-water level, Interruption or' irrigation services because of damage to
irrigl,:!,tion systems is included as an indirect. farm damage. '
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DAMAGE TO MJ:LROADS &~ UTILITIES

Extent of damage -- Power lines and telephone lines, although rath~r numer~

ous throughout the flood damage area, are not subject to severe damage. Occasion­
ally, a few poles are washed out or loosened to the extent they have to be reset.
This repair cost, however, is nominal. Some damage has occUrred on the Mesa­
Magma branch line of the Southern Pacific Railroad. The 1946 flood softened the
roadbed near Higley. A majqr nood would do' considerable damage to a section of
this Hne. Such a flood woJ.J.d probably also damage the Southern Pacific main
line near Serape, south of Chandler. The estimated damage to railroads and other
l,.l.tilities varies from $500 :for.a small flood to $40,000 ;for a great flood.

DAMAGE TO AIR FORCE INSTALLATIONS

1

I
Williams Air Force Base -- This military base is located at the mouth of

Sand Tank Wash. Dikes are now being planned to divert floodwaters arotUld the
airfield. Maintenance of the dikes, throughtout strictJ.y a floodwater dame.ge,.
entails additional costs necessitated by the flood hazard. The necessity for
these dikes would be eliminated by the recommended, flood control program.' There­
fore, the annual maintenance 'cost estimated at $600 per year is ,oonsidered~a
floodwater <ia.mage.

DAMAGE BY FLOOOO IN LOWER QUEEN CREEK

AVERAGE ANNUAL FLOOIMATER DAMAGE I
I
I

I
I
I
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$ 91,750
24,850

ll16,600. '

$ 2,000,
1,040

420

$ 21,160
6,oBo

l 3, 46o' $ 18, 450
$ 30,700 $135,050

Appendix I-B" ~tract,;N9,·;I. . ",

Average Annual Damage
Direct 'Indirect Total

$ 6,100'
6,830
1,460

600: "
l14,990' '

$l04,~50

I-B-6

Type of Floodwater Damage

Agricultural
Farms
Irrigation systems

S\2,btoteJ.

No~~~r1~Ultur~

~isnw~ys.~ roads
Urban &rural non-f~rm property
Railroads & other utilities

Military bases
Subtotal

~otal annual floodwater dafuages

Floodwater damages from Lower Queen Creek -- The proceeding estimates of
floodwaters damage includes only those damages arising from flood. flows from the
Superstition-BulJ.dog area and Santan Mountains, the latter flows damaging Chand­
l~r Heights. The flows from Sonoqui Wash~nterm:i,nglingwith flows from Lower
Qu~enCreek (oelow the authorized ~~tlow Dam) Cause additional damage esti~te~
"t$11,900a,nnually.The esti~te isb!il.sed on aprel:t.minary ei,Jtimate by tA~
Corps. of EJi.s1neers of $11,000 annually"based On :1.946 prices. This e6ti~te wa~
(a,(.'lJusted to J.948 prices leV'el~ by the use of price and cost indexes, These, de.m­
ages are distributed among the various types in the tab\.l.lation summarizing flood,..
water damages.

Suminary. of floodwater damage -- The estimate of aver~e apnual floodweter
damagf,} i~S1erived froIn damage~frequency curves,' Damage-frequency curves were

,rlevelo:pep.by piotting monetary fJ.ood dWnages ,against their respective rreqil:ep.· ",
c::tes as shown :in ,the preceQing section on hydrOlogy ~ Total floodwater daptage i~

>~he"w~ter~1ied,exclusi ve of 'those that will be P1'ev~mted by the authori~ed WPtt'".l'
J.ow Dam) $nount to an estimated $135,000 annually as 'follows: ',,"
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API'ENDIX I-C

PROPOSED ARTIFICUJ:, BECHARGE ASPEC'rS OF FLOOD CONTROL SURVEY
FOR SOU':L'HEASTERN MAR+COP.A ComITy

I1fl'ROroOTION

1. General: One of the most critical problems in the Southwest at present is

the diminishing ground water supply. The year-to-year decline in volume of

water available - the average yearly overdraft on the ground water reserves in

Arizona alone is approximately four million acre-feet - is illustrative of the

inatility of precip1tatiop to naturally recharge water to the aquifers at a

rate commensurate with the wi thdr&vf.b."... l:rl or-der to maintain: even the present

population and prevept further :Land Rubsidence tTl this region, a method must be

found to slow or stop the depletion of tl'le ground water supp1r. Artificial

ground water rech~ge can be the. metnodpy which this is accomplished.

2. Runoff: At ;PI-esent, flood :runoff g~nera+ly flows uncontrolled overland

~d down natur&+ desert drainages causing~at times, considerab~e damage en­

route. Ver:y little, if any, beneficia.l use i,s rq.ade of the flOOd runoff on the

ground s"..lrface, an,q, probably onl;y a small aznQ\mt ever reaches tp:e ground water

table. Most pf the water is last by evapotranspiration. To control flood run-

off by means of detentiop basins, and put eA:cess 'Water underground by artificial

means would in some cases reverse the downward trend of the water table, and

in all areas slow the rate of depletion of ~~ound water reservoirs.

:3. Sew~e Effluent: Artificial recharge facilities can be planned so sewage

~ffluent c~ be given miniPlUlll treatment and handled along with flood runoff by

means of ~hese facilities.

4. Other Benefits: Other arguments for Wlderground storage 'Jf water suggested.

by our new mode of life are namely: There is less danger f), (11 fallout contam1m'l,-

tion and, bombing, and sabotage would be more difficuJ,t.

I-C.,l



1. General:---...;,

JEOLOOICAL ANALYSIS OF THE At-u::A

In this section a geological ai.'1alysis of the area is r.lade with

regard to meth8Q (.'f investigation and ge~.i.eral description of' the geology.

2. Hethod of InYcsti.l~o.ti::m:

a. Ge:-:cl'al: Gcological maps of Maricopa and Pinal Co,_U1ties pUbliched by

thc k:.i.zona. Sto.te IJ'urcau of Mines provide information on th:; broad geological

setting of the area of study. These maps, however, fail to provide sufflcie:.tly

detailed infol"r.lation on the nature of the QLlatel~a~J sedir.lentary fill which

would be the recharGe aquifer. To study the fill and locate suitable recharge

Aquifers, drillcJ."s logs of ;vater wells throug..'lout the area ,lere studied. Appro;~-

imately 600 100 5 were reviewed and 190 selected for use. Logs typical of those

selected arc given in Appendix C, Table No.3. These logs were obtained ~ron

the files of the U. S. Geological S~rey, Arizona State Land Department, wld

the Chandler :Ieightn Irrigation District. Location of the wells used are sh6wn

in Appendix CJ Plate No.1.

b. Drillers Logs: In reviewing the drillers' logs, special emphasis was

placed on locating a sedimentary facies near land surf'ace which is coarse text-

ured and covers a broad area. Such a unit was sought because it could be easily

recharged and could transmit large qu~tities of water. Isopach mapsJ Appendix

OJ 1'1,atcs ~Io. 1 and 2 give the depth of overburden and thickness of the gr~vel

bed selected. Cqntours of the bottom of the gravel unit indioate the geologic

structure of the area. Appendix 0, Plate Uo. 1+.

c. Sha,llow l3orings: Accu..racy of the i sr)pach map of tl'J.e overburden '\'le.s

chec~ed by 10 shallow borings made in areaS where recharge facilities appeare~

feasible •.. In all cases where the boring could be completed, the gre.vel 't)C~d

Was intersected by the drill at the depth :indicated by the map, or at e; sJ:.g:~i)

~hallower depth. (Appehdix CJ Te,ble No.1). Logs of' ~~heseborings are '?:'-'.=.'

in Appendix C, Table N~I 2.. -
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3. General Geological Description; The gene~al description of litholo~r and

geologic structure is presented in the followiag sections for parts of the

area under survey where sufficient data are available.

a. Lithology: Drillers' logs indicate the unit selected for recharge to

be a clean gravel locally mixed with small amounts of fir..er grained material.

Near Mesa this description was found tr~e in borings ~nto the gravel.

West of the Town of Queen Creek} the unit chosen was described by drillers

as a'·sahd. ~1oderate grading of the unltis indicated in this area by a greater

volume of finer grained intermixed sediment. This description was confirmed

by bore hole information. East of the Town of Queen Creek and along Queen

Creek both drillers' logs and additional bore holes indicate a rapid coarsen.­

inG of sediment toward the head waters of Queen Creek. This change is not

accompanied by better sorting}although grading of the sediments is not as pro~

nounced and results in less fine grained sand and silt with the gravel.

Locallyp throughout the unit selected silt and clay beds occur among the

gravels. These sedimentary facies are so small and irregular in extent they

could not be traced using logs of water wells, except in the area north of

Queen Creek in T 2 S} R 7 E. Here} silt and clay beds are more prominent in

the unit selected and are shown on a geologic cross section drawn through the

area. (Appen'dix G) Plate No.5).

b. Structure; Structurally the unit follows the general topographic fall

of the land surface from east to west. This feature is shown on geologic sec­

tions in Appendix C} Plate No.5. The true profile of land surface is not on

the cross sections,. but rather} points of equal thickness of overburden; aqui­

fer material} and structure of the bottom of the aquifer are show. These

features were determined from Appendix C, Plates Nos. 2, 3, and 4.

Folds and faults in the area qould not be detected because of the nature

of the sedimen~s and type of subsurface information available.

I-C-3
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c. Volume of the Aquifer -

From (lata given in Appendix C, Plate No.3 and depth to water data ~vail-

able from the &eological Stu-vey; the following hydrologic chai~cteristics have

b2en determined fm~ val'ious sections of the recharge· unit.

Average Assumed
Exte~t Thickness

(r~~3)
Specific Re~fltU-g~

Area (mi ) (ft) Intalte (1Q9ft3 ) t 10~ aCl4 e.,;f'i 2
~

Queen Creek 30 50 45 15% 7 160
Higley 20 50 30 20clp 4* 90*
Salt Ri '.rer-
Gilbcrt-Chandler-
Mesa. 110 100 310 20'/0 62 1,400

*Estimated one-third decrease in recharge capacity ba;sedpresence groundwater

For the area south of the Salt River Mountaihs insufficient data is available

to ~e· an interpretation of the geologic structure and lithology of the subsur­

fe,ce sediment$. However; logs of the few water wells' drilled in the area indicate

a.."1 e.xtentior.. of' the recharge unitto thi s l.ocale where it is exposed at land sur-

face. Based on the presence of the recharge aquifer and 'depth to water data taken

from one well, we believe ample recharge capacity exists in this area.

HYmOr"oo.IC ANALYSIS

1. General: The hydrologic data used in determining size of recharge~'r~cilities

is shown in Appendix C,Table No.4.

Recharge rates ~"1d design characteristics f'or dry and wet pits suggested for

use (App~dlx.C;, Plates., No. 6&7 ), are baseo. on results obtained throUgh laboratory

and field tests carried out in Arizona and elsewhere in the United States by

governmental and private E;\gencies. However, the result,S of resee.rch under way

are needed to determine whether or not a pea gravei filter and developed "schmu-

tzdecke" in the wet pits can operate successfully under prevailing conditions.

T4e chemical and physical characteristics of the filter and/or flood water may

require alteration to make filtering effective.

2. Cotton Gin Trash: Tests by the Agricultural Research Service, United States

Department ot Agriculture in Cal1t'o~a has shawn that cotton gin trash 1ncorpor",

I.C; ... ll
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ated into ~he ~0P layer of soil increases infiltration rates about five fold

for a seven-month period of flooding (3). The organic matter must be de-

composed, however, before it is effective (2nd year) and then remains effect~ve

for about five years.

3. Mesa-Chandler Area: The design recharge rates and optinun yields, which is

essentially sewage effluent, for the facilities proposed for the Mesa apd

Cnandler 'Recharge Areas' are based on sewage effluent rates adapted' frqm the
, .

Tucson system, and estimated fl00d runoff which eQuld be handled by theae facil-

i ties.

4. Stage Development: The recharge rates suggested, Appendix C, Plate ~6. 6,

arc conservativB when compared with rates experienced elsewhere; hence the

facilities should be developed in stages at each location to determine actual

site requirements with regard to capacity.

PROPOSED RECHARGE FACILITIES

1. General: The proposed recharge facilities to be di scussed in thifi>section

fall into two categories .. The first group are facilities to handle controlle4

flood runoff from detention basins providing, besides the very important fUnc-

tion of conserving water, a means of disposing of .flood water. The second

group are facilities which would not only handle treatedwa.ste water such as

domestic and industrial sewage effluent ahd tail-water from irrigated areas,

but would also conserve undetained fLood runoff during the short periods when

flow is available. It is ree,lized that only a small reduction is possible j,.n

flood peak di scharge and volwne.

a. Recharge Areas: The recharge areas have been selected after carettil

consideration of the availability of water,geology, value of land, utility, and

possible beneficial use of water recharged.

b. Chlorination: Chlorination is required to kill microorganisms and

microflora which cause a reduction in infiltration rates with time. For dry

I-C-5



pit:> l'echarging only short periods of time, occasional hea'ry

dcses of chlorine wou.ld probably be satisfactory. However, forwot ;?tts;

Recharging the water by means of :piteo, is :ceccllllnp.nd'!d as opposed to emptying

Water could also

Besides providing flood

The design characteristics

This area would encompass T2.S;.

This area would consist Of a strip

The design cha:t"acterifjt,1~3 of the re-

A diversion structure on the channel liould

I-C),,(i

(Appendix C, Plate No.5).

l.~,~,) i:l11les long on the left bank of the Salt R1ver starting

"~~i\t River Recharge Area:

The development of this recharge area has potential beyohdjust

Further, if desired, water could be diverted from the Central

Upper Queen Creek Recharge Area:a.

b.

I
Primary_Proposed Recharge FaciHties: The primary proposed recharge f'acili'" I

I
I
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I
I
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to 4 ppm chlorine would be required.

ties for handling detained flood runoff would bedevelbped in th? following

~f the recharge pits are given in Appendix C, Plate No.7 and Appendix C,

').....

four areas.

R 8 E, Section 21, and east one-third Section 20.

. .

the conservation of flood runoff from Queen Creek in that flows from. the Soil.

Arizona Project Aqueduct at this point and recharged.

Plate No.6.

overte.xed.

Conservation Service (SCS) detention basins south of Apache Junction could be

recharged in this area, possibly alleviating the load in Roosevelt Canal when

(Appendix C, Plate No.6), recharging constantly, a ste~>applic~tioD o~ 3

control aspects the I'echarged water replem.:;;hes badly depleted ground water

300 feet

basins which supply cities like Chandler Heights e~d Queen Creek, and irriga-

west of the <::.nt,Jt·!. o't the flood channel draining water from the SCS detention

directly into the Salt River since the water can be placed deep enough in the

basins north ;~f '>:';"i;<.,.::j:-.~ J\·nction.

charge pits are given in Appendix C.. Plate No. 7 andAJlP~;"dJ.i'~ Gp ;!nate No.6.

aquifer to prevent unbeneficial evapo~ranspir~tion losses.
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be divert~d ~rom -the Central Arizona Project Aqueduct at this point and re­

charged. _Further, if desired, water could be released trom the SBlt River

Project reservoir system and recharged in this area.

c. Low~r ~~een 'Cree~ Recharge Area: This area wou+d utilize land in

T 2 5, R 6 E, between the Roosevelt Canal and Queen Creek in Sections 10, 11,

15, and 22. The design characteristics of the recharge pits are given on

Appendix C, Plates No. 6 and 7. Besides handling detained flood runo!'! from

the 5antan Mountains area (above Hunt Highway) and water released into the

Roosevelt Canal from SCS detention basins south of Apache Junction, this area

could be used for recharging sewage effluent and part of the uncontrolled flood

runoff from Williams Air Force Base. Further, if desired, additional water

from the Roosevelt Canal could be recharged in this area. If the flood runoff

from the SCS detention bas.ins south of Apache Junction are not released for

recharge, the facilities in this area should be designed for flood runoff tram

the Santan lfbuntain area and Williams Air Force Base. Again, besides pro·

viding flood control aspects, the water recharged replenishes badly depleted

ground water basins which supply cities like Chandler Heights and irrigation

districts in the area.

d. Salt River Mountains Recharge Area: This area would be located in

T2 S,R 3 E, southwest comer Section 21. The design characteristic8 ot the

recharge pits are given in' Appendix C, Ple.t'ea No.6 and 7.' 'Bes1de~"hand,line;

controlled flood runoff from theSaltRlverll.ountains,tbis lU"ea could be used

to recharge sewage effluent from Mesa; Gilbert, and Chandlel:" .and PlU"t of the

undetainedflood runoff in the Gila Drain. . P\lrther geolo~ic e4})10rat10n in

this area is strongly urged because, if .the aerial e~tent of' the grave]. :re..

charge un!t exposed at land surface is considerable,. low-cost basins could be

co~structed to recharge large quantities of flood runoff divertedtrom th~

Gila Drain. Water recharged at this point would replenish ground water be.s!;nt

I ..C...7



which supply wells in this area.

3· Se«;9ndB.ry Pt2poseL~harge FaciHties: The secondary proposed recharge

facilities for handling treated waste water such as dDmestic and industr+~
I '-,' ,

sewage effluent (assuming detergents can be removed), irrigation tail-water,

and part of the undetained flood runoff could be developed in the following

two areas.

a. Me~a ,Recharge ,Areas; Because of geologic considerations these recharg;;-'

~reas would have to be located in T 1 ~, R 5 $., ~orth central eqge of Sectio~

31, and in q:- :I. S, a 5 ~, northe~;I.f~t corner of the northwest quaqrant of Seot:!.pn

4, Both of these locations are within the projected future development of the

City of Mesa. The design characteristics of the re~arge f&cilities are given

in Appendix C, Plate~ No. 6 and 7. Because of the continuous flow of sewage

eff'lue~t, tq.e quantity of water that GElll be recharged is qui t;e large in oom.",

parison With quantities han~ed b¥ facilitie~ primari:I.y concerned with flood

control. Undetained flood runoff from Mesa could in part, however, be re­

charged by these facilities. The water recharged would benefit cities like

Mesa and Chandler, and irrigation districts in the area 0

b, Chandler Recharge Area; Because of geologic condltions in this e.rea

consideration should be give~ to rechaxge by shafts instead of pits. 4

suggested system might consist of a 15 acre gr~ss cove~ed park located west of

Chandler. The park sho\1ld be graded to drain :Lnto eo one acre lake which is u.n-

derlain by a pea gravel filter. Filtered water would move downward througb the

pea grav@l into collection pipes Which voul~ s~pp1y gr~vel back-ti1~ed sha~ts

'drilled thro'U8h 80 feet of overburden and 140 feet of recharge unit. The con­

trolled filtration rate for an acre of pea gravel is 20 acre-teet per day (2).

Thus four feet of flood runoff (60 acre feet ) detained in t.'te park area would

'Pe recharged in a three day period. In addi tion, tre~ted /3ewae;e effluent from

Chandler could be handled by thi s recharge facili ty • The water cop.serJ'eli:\1



assumptions. This analysis} however, does indicate overall economic feasibil-

1. General: The followine economic analysis is based on estimations and
; ,

of cost per acre-foot of water, the lower Queen Creek Recharge Area was selected

$ 115,000
252} 000
75}000

l 442} 000
44,000

$ 486}000
' .

49} 000

$ 535,000
35,000

.- 570,000

$ 22,100

$ 1,000

$ 500

$ 5,000

$ 1,000
$ ';3), 600

$
1 / 500 '.

31,100

6.87

Grand Total

ECONOMIC ANALYSIS

Sub-total

Amortization And Interest @ 3%
Operation ~ Maintenance

Every 10yrs remOVe 0.5 ft sediment
MdO,5 ft affected aquifer from pits

Conditioning of pits with gin trash every 5 yrs

Cn.lorination @ $1. OO/ac ft of water recharged

Administration

Annua,lCoat:
Grand Total

Interest during construction @ 6~
Sub-total

lnngr, and Admin. @ 10~
Sub-total

Sub-total

be of direct benef'1 t to ChancUer and irrigation districts in the area.

(Appendix C)' Plate No.5).

Cpst of Land: 230 ac. @ $500!ac
Cost of excavating recharge pits @ $0.15!yd
Int~ke channel and control structures

fir~t Oos~:

20 Year Economic Life

es an area which would reflect the average conditions of all recharge areas.

a. Dete~nation of Cost Per Acre-Foot of Water Recharged: For determination
, . ---'- ..._--....--,,;::...-

;tty of gro'UIld water recharge in the survey area.

Contingencies @10~

Cost per acre-foot of water recharg~~

(4) 530 a(~<;;"ft of water recharge~'~~~r yr)
,APPfmdix" C} Plate No, 6 -''':

I-C,.9

(Appendix C, Plates No.6 and 7.
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J. Co~t-Benefit Ratio: The cost-benefit ratio calculations are based u~o~.,..

the following assumptions and estimations.

a. The cost of operation ~d maintenance, administration. etc., remaillD

thf:l same du.ri ng the economic life.

b. Cost to lift 1 ae ft/ft of lift fa $o.a~.

b~ fresent average lift in sUl'vey area is 250 ft (based of US l~ol.

Survey data).

d. Drop ~n ground water levels (1) in the survey area is 5 ft/yr.

e. C>verdraft on ground '\orate:!:' reserves :1.n ~urvey are~ +5 10q,000 a;c ft!yr,

f. Volume of ~ater to be reCharged ~r~itic~ly (~ppendix C, Plate NQ. 6)

ia 20,000 ae ft.

Volume of above water which would b~ ~Qcp$rged naturally - 10.000 ae

Volume of wate~ to be effectively rechar~ed artifica11y - 10,000 ac

ft/y-r..

g. Decrease in drop in ground water levels due to effective artificial re-

charge: ~~]Q2 X 5 ~ 0.5 tt/yr,
J,.PQ,iOOO

11 ~ Total vo;L~ of water ;PWll;ped iij tilurYey ar~~ i ~ 7°0,000 ae ft/:rr,

+. :aene:ri~ fir~t yea:r frOIrl ~~c:::re.u.~\lld l~f~; 0.04 J 0.5 0:; 0.02 a.c f~,

~otal for w~ter pumperl '!" O. O~ t' 'rod, 060;~ $ 14, 000

Benefits second year: 0.04 X 1.0 = 0.04 ac ft.

Total for water pumped =$0.04 X 700,000 =$28,000

J, qOGt ,for a:rt~fl~i~'rech.a:rge; eo, 000 ~ $ 7.00 ~ $ 140,000 / yr.

it,~o~t· tpr ~rt4t~~i~ ;oe~~fi,1.'g, P~N" aa ft; pf wat~r pt.Ul1J?e4 in the ~fU'"".ey

Ir~~i ; .;J;~Q; 990/790", pQq.~. fQ!?o/ 'a~;Vt",.

As :::...;en from items; i and k above and in Appendix C, . Plate No.8, ad.et'ic1 t

will occur during the first ten years of the ~roject if interest is disregarded.

The ~ene+~te) reduction inp\unping costs due to the decreasing rate of water

I ..C~:l.P' .
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table decline, are e~ual to the annual cost o~ recharge at the end o~ this t3n

years.

An interest rate o~ 5% was used in the present worth analysis shovn in

Appendix C, Table 5, to obtain a bene~l t-cost ratio o~ about 3: 1. The bene­

fit-cost ra~io will depend upon the interest rate used.

4. Discus:Jlon:

a. AssUI.1ed anq estimated values u6ed in the above economic analysis are

believed to be o~ a conservative naturet

.b. The penefits Which would be. redlized through prevention of ~lood dam­

ages and DEwing in cost o~ channels by artificial recharge o~ ~lood runoff have

not been considered in the above analysis.

c. Fu:rther, tno benefits which would be realized because agriculture in

the survoy area could remain in operation at the present scale ~or four extra

years beca~.:l.sq of. the. d,eJ,..eJ.Y in the drop o~ the water table bellow the ecpnomJ.G

level have not been consi~red in the above analysis.

SUMMARY AND CONCWSIONS

1, ~c presence o~the e~cellent coarse-grained recharge unit, with limited

overburden in many areas, presents the opportunity for pit recharge, which is

certainly one of the bettel~ methods ava,il~qle with re~ardto e~onqmic and techni­

c~ considerations.

2. Artificial ground water recharge,when used in conjunction with detention

facilities,can be effective for disposing as well as conserving flood runoff.

3. The design rates used are conservative where comp~red with rates expe~ienced

elsewhere, Hence, the facilities sho~d. be developed in stages to de'terwine

a,ctue.l ai te requirements with regard to capecity.

4, ~le recharge areas have been selected after careful consideration of the

availa::JiJ,:1,ty of water; geology, value of land, utility, and possible beHef~ci&l

.. ;;-.; of water rechargc::o..



'.n the conserva.t~.-"-e sj. d.e , :i.ndice,tes thEl:i;; e.rtificial recharge as presented is ac~·

" ·;rrd..cal1y faVOl"".)':'e.
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APPENDIX C

TABLE 1

Tes~ Bore Hole R2sults:------_._--_.._..•.._--
1;0. LocatIon Predicted Deptl1 Actual Depth

To Gravel (rt) Ta Gravel(rt)

1. TIS, R5E
S~c 9 bcb* 40 - 50 48

2. Tl3, R5E
Sec '7 .::;bb 2;·0 - 60 h4

? TIN, R5E.)'

S'-c 33,caa 20 - 30

Remarks

Unable to penetrate
caliche below 15'
depth.

4. T2S, R7E
Sec 19,bbb 20 - 40 22

5· TIN, R5E
Sec 33,daa 20 - 40 Unable to penetrate

caliche below 19'
depth.

5b. 25 ft. West
of lf5 20 - 40 Unable to penetrate

I caliche below 19'
depth.

I
6. T2S, R7E

Sec 17,ccd 20 - 30 25

1
7 T2S, R7E

Sec 25,abb 10 - 20 20

8 T2S, R6E
Sec 10, ddd 20 - 40 18

T2S, R8E
Sec 22,bcc 10 - 20 15

10 T2S, R9E
Sec 20, a 45

* Lower case letters indicate location with section according to the U. S. G. S.

1
well numbering system.

I-C-15
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APPENDIX "c"

TABLE NO.2

Test Bore Hole Loss

I-C-16

#1 Location: T~S, ~5E, Sec. 9, bcd
Date: Nov. 28, 1961

Depth Below Ground Surrace (rt.)

o - 15

15 - 20

20 ,... 21~

24 - 47

47 - 48

48 ,... 49

49 - 51

f2 Location: T1S, R5E, Sec. 7 cbb
Date: Nov. 28, 1961

o ,... 12

12 - 18

18 - 28

28 - 37

37 - 44

44 ,... 50

#3 Location: TU{, R5E, Sec. 33, caa
Date: Nov. 28, 1961

0-5

5 - 10'

10 - 13

13 - 15

Lithology

Sand with silt

Caliche cemented sand & gravel

Clay with caliche

Clay with caliche & some pebbles

Medium Grained Sand

Medium sand with coarse gravel (1/2-3/4")

Medium sand with graYel & cobbles (2")

Silty sand with clay

Sand & graYel with caliche

Clay with caliche

Clay with caliche & pebbles

Medium grained sand with silt

Grayel (1/2-3/4") Cobbles (2'-4") &
coarse sand

Sandy silt

Silty sand

Sand

Caliche cemented medium send, gravel
(1/2- 3/411) & cobbles ( 3" )

Stopped drilling at 15 ft. because of
hardness or caliche.-

I
[

I
I
I
I
I
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I
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TABLE ]'W_:.-~. (cont .J
#1~ Locaticr~: T2S, ErE, Sec. 19, bbb

Do. te; J:J~YJ. 29, 1961

14 - 18 S&1d cemented with caliche

o - l~ Sand with silt

4 - 14 Clay & s&1d with caliche

Stopped drilling at 19' because of
hardness of caliche

Li.thology

Silty sand

Sm1d with clay & caliche

Silty sand

Fine to medium grained sand
At 27' - l' of clay & caliche mixed
with the sand, but at 29' s~~d be­
came coarse & was mixed with pea
gravel:

Sand with clay

10 - 13

l~, - 17
I

17 - 22

22 - 30

18 - 19 Sand, gravel & cobbles cemented with
caliche

o - 10

Dept~ 2elow Grollild Surface (ft.)

b5a Locatio~: T1N, R5E, Sec. 33,daa
Date: Hov. 28, 1961

I
I
I
I

I
I
I
I

\
\.

#5b Location: T1N, R5E, Sec. 33,daa - 25 feet west of test hole #52.
Date: Nov. 28, 1961

,I

I
1

o - 10

10 - 12

12 - 15

f6 Location: T2S, R7E, Sec. 17, ccdl

Date: Nov, 29, 1961

0 - 9

9 - 12

12 - 17

17 - 25

25 - 30

:t..Q...17

Clay with sand

Clay with sand & caliche

Hard caliche cemented sand

Stopped at 15' because of hardness

Silty sand

Silty clay with sand

Medium to fine grained sand with
pea gravel (red).

Silty clay with some caliche

Medium to fine grained sand with cl~¥

lenses 1,1];> to 8" thick



I-q-18

TA~.!Q.:.. 2 (Co~~i?-:..l

llr Location: T?.s, R7E, Sec. 25, abb
Date: Nov. 29, 1961

Depth Below Ground Surface (rt. )

o - 2

2 - 13

13 - 18

18 - 20

20 - 30

#8 Location: T2S, R6E, Sec. 10,ddd
Date: Nov. 29, 1961

°- 18

18 - 25

D9 Location: T2S, R8E, oce 23,bcc
Date: Nov. 29, 1961

o - 15

15 - 23

#10 Location: T2S, R9E, Sec. 20~ a
Date: Nov. 29, 1961

° - 4.5'

4.5 - 7

Lithology

Silty sand

Medium grained sand with layers of
silt up to 3" thick

~

Cobbles, gravel & sand with some silt

Clay & silt with pebbles

Jand with pebbles

Silty sand

Dr~r ~ C' '.... 'lledium to C08.!'se sand, with
SCI'r.8 gr.,'

:::i ro~I:C~ iri11ing because of caving.

Silty sand

Cobhl~L" [I''ilovel & sand with some silt
wh~,ch I',' '_, .,,~.sed with depth.

Silty sand

Boulders with sand & silt

Stopped drilling at 7' because of
coarseness of materi.al.

I
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APPENDIX C

TABLE NO. ~

Logs of ReEresentative Wells
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Boulders

Soil.

Boulders

Sand &: clay

Boulders

Caliche ~ gravel

Gra.vel & clay

Clay J; :::aL.che

Sand, Gravel &. Boulders

Gravel & cemented gravel
& sand

Clay

Clay

Sand

Sand & clay

TAJLE NO.3

o ~ 195

<l - 11

o .. 2

2 - ')

52 - Si2

11 - )2

220 - 240

240 - 280

19: - 220

260 - 32C

Locatim: (A-1-6) 7cr.i".l
Source of Hell Log: U. 3 .:l0cloGical SlH'vc~/-vr:~lEld T,.Ja t;:::;:· Dr'anch

Loca.t.i.;:m: (1.-1-;;) 36 a.aa
Source at' Log USGS - GrO\Jr!d Water Branch



I'ABLE no. 3 (cont.)
r

J

I
J

r

r

r

r

Location; (D-1-).;.) 14 c,:c
Sour~e of LeG: USGS - 3round Water Brmlc~

~pth 3elow Surface (ft.)

o - ':'5

l) - 6c

60 - 1':4

174 - 182

212 .. 223

223 - 261

Lo~aUo!l: (D-1-5) 24 dbb
Source of Lo~: USGS .. Ground Wa~er Branch

0 ... 15

+' .. 52

52 - lob

100 .. 102

102 - 128

128 - 185

18'3 - 200

200 - ?15

215 - 275

275 - 300

JOO - 315

315 - 520

I-C-21

LltholQgic DesQription
I. .

~ • 1
bO.l~

Caliche

Boulders

Clay & Boulders

Cemented sW1d' & boulders

Clay

$oil

'Hard clay

Sandy clay

Hard clay

Caliche

Conglomerate

-Cemented gr~vel

;Sanq. & bQulderp

Boulders

Clay

Sand & boulders

Clay



Location: (D-1-6) 15 baa
Source ::If Log: !JOOS - Ground 'Water E-..-..wch

.. , ...~.
~pth Below Surface (ft.)

o - 20

20 - 25

25 - 60

60 - 65
.' 65 - 87

87 - 110

110 - 113

113 - 142

142 - 146

146 - 166

)61'" _ ~8A

2~, .'
~

3~j - :!. ~.

340 - 383

383 - 396

386 - 390

390 - 396

396 - 4lt

Caliche

Sand

Clq

. . J" .• ~he

;,.; 1 "

ff· . ! t:.allche

Gravel & boulders

Clay

Cla.j' Be caliche

Sand, gravel Be bouJ.c.eTl

Sandstone Be clay

Se;ln & gravel

Clay

Sand &: gravel

Sand

Clay

I
I
f

I
I
I
I
f
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'" r ·'~L·.e ~T '" -, ,., t )::::!::-' "-' lj J • :.' \ von.

93 - 211

50 - 93

Lithologic Description

Large gravel ~ boulders

Satedy clay

Sand

Soil

Caliche

Sandstone

Sa'1d, clay 2,; 3ravel

Clay

a.aa
- GrOw";'il 'dater Branch

(ft. )

(1)-2-3) 1
Log; USGS

0 -,
.)

'J - ............
.) C)

0-' _. 26<-j

26 - 40

11-0 50

Deptll Below S'J.rfo.c:c

Loca~ion:

Source 0;:

[

[

I
I
[

r

[

215 - 242 Sro1d, gravel & boulders

Clay

268 - 288 Coarse gravel

288 - 371 Clay with hard shells

Location: (D-2- 3) 20 dbc
Source of Log: Arizona State La..'1d Department

I

I

0 - 4 Soil

4 - 8 Caliche

8 - 16 Fine sand

16 - 30 Caliche

30 - 49 Coarse sand

49 - 163 Gravel

163 - 176 Clay & sand

176 - 190 Gravel

190 - 196 Clay & sand

196 - 202 Fine sand

202 - 220 Clay & caliche

220 - 231 Fine sand

231 - 232 Clay
1-C..23



TAB~ HO. :3 (cont.)
Location (D-2-6) 11 bc
Source of Log: USGS - Ground Water Branch

Depth Below Surface (ft.)

0-7

7 - 17

17 - 36

36 - 60

60 - 74

74 - 100

100 - 107

107 - 136

136 - 143

143 - 149

149 - 160

160 - 162

162 - 206

206 - 220

220 - 301

Location: (D-2-7) 15 da
Source of Log: USGS - Ground Water Branch

0-3

3 - 20

20 - 24

24 - 36

36 - 42

1}2 - 46

46 - 52

52 - 60

60 - 69

~~ologic Description

Soil

Hardpan

Dry sand & gravel

Caliche

Dry sand " gravel

Clay with gravel lenses

Sand &gravel

Clay & caliche

Sand &gravel

Clay.

Sand

Hard cement

Clay & caliche

Hard cali che

Clay & caliche

Silt

Sandy clay

Gravel

Clay & conglomerate

Clay with gravel

Sand

Clay &gravel

Clay streakt3

Sand &gravel

I
I
I
I'

I
I
I

I
I
I
I
I
I
I
I
I
I



TA:i3W; 1W. 3 (CONT.)
Iocation: (D-2--'" 15 da (cont'd)
Source of Log: USGS - GrotL.'1d Water Branch

r

r

f

r

r

I

I
l

Depth Below Surface (ft. )

69 - 92

92 - 108

108 - 114

114 - 126

126 135

135 - 160

160 - 165

165 - 168

168 - l83

183 - 193

193 - 224

224 - 237

237 -245

245 - 270

270- 278

278 - 302

302 - 307

307 - 316

316 - 342

3J+9 - 355

355 .. 378

378 - 382

382 - 389

389 - 440

Lithologic Description

Conglomerate with clay

Clay & caliche

Sandy clay

Gravel

Clay & sand

Sandy clay with conglomerate
streaks

Gravel to 311

Clay & caliche

Gravel to 5"

Clay

Sand & gravel to 2"

Clay

Sand & gravel to 2"

Clay & caliche:

Sandy clay

Sandy clay

Clay & gravel to 1"

Sandy clay & gravel

Clay

Sand & gravel to 1"

Clay

Fine sand

Gravel to 11;1

Clay

I-C-25



TABLE NO.3 (cant.)
Location: (D-2-7) 31 abc
Source of Log: Chandler Heights Irrigation District Off~ce

Depth Below Surface (ft.)

o - 15

15 - 75

75 - 135

135 - 280

280 - 345

345 - 380

380 - 385

385 - 410

410 - 430

11-30 - 470

470 - 545

545 - 605

605 - 655

655 - 675

675 - 730

Location: (D-2-8) 21 d
Source of Log: USGS - Ground Water Branch

0-5

5 - 12

12 - 115

115 - 134

134 - 210

210 - 225

225 - 230

230 - 264

264 - 340

I-C-;6

Litholo~ic Description

Sandy clay

Sand & gravel

Sandy clay & gravel

Sand &gravel

Sandy clay

Sand, gravel & clay

Granite wash

Sandy clay

Clay

Sand - hard

Cemented sand & rock

Gravel, sand & rock

Sand, clay & gravel

Sand & granite wash

Sand & gravel

Soil

Clay &gravel

Gravel & boulder

Clay & gravel

Dry gravel

Clay

Clay

Gravel with cemented send at
the top

Clay

I
I

I
I
r
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APPENDIX C--
T.ABLE No.4

'.

Reservoir Yield Data and Recharge Water Siltation Loads
i

Area Drainage Area Average Annual Optimum Yield Design Silt
Runo:f':f Rechar~ Load

Rate (ac~:f't. )
(c:f:S.) per yr.

(squ.a..1"e miles) (acre-:f'eet) (acre-1'eet)

SCS #1 (south of Apache
Junction) 133 4,000 3,680 . :teo 2.1.

SCS ft2 (north o:f' Apache
Junction) 40 1,240 1,130 160 ·7

H
I Whitlow Reservoir 143 6,480 6,100 830* 3·70
I

1\)

Queens Creek (above 1600'-J

cont-6u.:c including Whitlow
Reservoir) 217 9,100 8,700 ~.260 5·2

Santan Mountain Area
(above Runt Highway) 30 930 850 ".40 ·5

Salt River Mountains
Area (above High Line
Canal) }4 1,180 1,090 )~O ·1

Total 454 16)450 15,450 .' -. - "

9·2,-.....

*Dt:.:siCn::;.3·;:18rc;e frOI:l WIli tlow Reservoir represents inflow in Queen Ci'eek Detention & Debris Bar~'ier

Res ervl.· i.:: , tLe dC0:L/:in discilarge for vlhich is shown on Line 4.



APPENDIX C

TABLE 5 r

Present Worth Analysis Giving Cost-Benefit Ratio With Interest @ 5~

Net Present Accum. Net Present Accum.
Cost Worth Present Cost Worth Present--

f
F!~ior Worth Factor Worth

1960: 1 0.20 0.952 0.190 11 0.00 0.585 0.000
2 0.18 0·907 0·354 12 0.02 0·557 0.011 I3 0.16 0.864 0.492 13 0.04 0·530 0.032
4 0.14 0.823 0.607 14 0.06 0.505 0.603
5 0.12 0.783 0·701 15 0.08 0.481 0.101

r6 0.10 0.746 0.776 16 0.10 0.458 0.147
7 0.08 0·711 0.833 17 0.12 0.436 0,199
8 0.06 0.677 0.873 18 0.14 0.416 0.257
9 0.04 0.645 0.899 19 0.16 0·396 0·321 I

1970: 10 0.02 0.614 0·911 1980: 20 0.18 0·377 0.388
11 0.00 0.585 21 0.20 0·359 0.460 I22 0.22 0.342 0.536

Total Present Worth 23 0.24 0.326 0.614
of Net Costs = 0.911 24 0.26 0·310 0.694

r25 0.28 0·295 0·777
Cost-Benefit Ratio = 2.817 ; 0.911 26 0-30 0.281 0.861

27 0·32 0.268 0.947
= 3·09 or 3 28 0.34 0.255 1.034 I29 O.~ 0.243 1.121

1990: 30 0·38 0.231 1.209 I31 0.40 0.220 1.297
32 0,42 0.210 1.385
33 0.44 0.200 1.473 I34 0.46 0.190 i,560
35 0.48 0.181 1.647
36 0·50 0.173 1.734

I37 0·52 0.164 1.819
38 0.54 0.157 1.904
39 0.56 0.149 1.987

2000: 40 0.58 0.142 2.070 I
41 0.60 0.135 2.151
42 0.62 0.129 2.231

I43 0.64 0.123 2·309
44 0.66 0.117 2,386
45 0.68 0.111 2.462

I46 0·70 0.100 2.536
47 0·72 0.101 2.609
48 0.74 0.096 2.680
49 0.76 0·092 .e.750 I2010: 50 0.78 0.087 2.817

Tot~ Present Worth of Net Benefits = 2.817

II-'~28
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Cross Section of Recharqe Pit & Desiqn Features

Recoamendations For Dry Pit I Bottom
Length of 2,300 ft. (pr~vides r charqe
area of four acr s/ it),

NATURAL GROuND 7
Water Level During Rechar~

NarE: End section provides 4,545 sq.ft.
of rechaIqe area - 520 ft. bottom
length provides recharqe area of one acre.

1. DRY PITS: Recharqe rate - 20 acre-ft/acre/day usinq 3" of cotton qin trash spaded into pit surface.'
Recomm nded for followinq r charqe areas - UPPer Queen Creek, Upper Salt Riv r,
Lower Queen Creek, and Salt River Mountains.

2. WET PrI'S*: Recharqe rate - 25 acre-ft/acre/day usinq 6" of pea size qravel Cl/4"-l/-;:-) •.
ReCOJmlended for Mesa Recharqe Areas.

*Differepti tion of pit type is based on the fact that "dry pits" receive flow only duriR;1 flood .runoff period
and "wet pits" reoeive continuous flow throuqhout the year. Pits, if saturated continuol1sly, develop a
schmutzdeCke (responsible for filtering sediment) and thus retain hiqher recharq rates.
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Characteristics of Recharge Areas & Rechatqe Pits

Recharge Description
Depth Thickness

Drainage Area Design Optimum

I of of Pit Recharqe Total Recharge

Overburden Aquifer
Recharqe Yield Area (Acres) Rate -

Area Size
Rate

"acre-ft.
(Ao-ft/day)

Size ( ft) (ft) Description (cfs) .)

I Leaal (ACre) C3c:;1 i)
I

Upper T 2S. R8E Queen Creek

I Sec. 21 & East 850 18 100 ( Including 220 1.180 8,700 120 2,400
Queen 1/3 Sec. 20 Whitlow

Reservoir)

I Creek

.
I Strip 300' by SCS Detention

Upper 2 mi. South bank Basins North
Salt River start- 80 10 100 of Apache 40 160 1,130 16 320

I Salt inq West of SCS Junction
Flood Channel

River

I ,

I
T 25. R6E SCS Detention *

Lower Between Roosv. 400 Basins South of 133 500 3.680 50 1.000
Canal & Queen Apache Junction

Queen Creek in Sec. 10

I 11. 15. & 22 Santan Mt. Area 30 120 850 12 240
Creek: 100 18 50 (above Hunt Hwy)

I 500 Totals: 163 620 4,530 62 1.240
I

Salt T 25. R3E Salt River

I Sec. 21, SW Mountains
River Corner 60 0 60 (above Hiqh 34 150 1,090 15 300

Line Canal)

I Mountains

I
Mesa T IN RSE

Sec. 31 North 7 20 - 30 100 - 120 West Mesa 5 10 1;200 0.8 20

I Recharqe Central Edqe

Areas T lS, R5E
Sec. 4, N.E. 22 20 - 30 140 - 160 Central Mesa 16.5 33 4,100 2.7 66
Corner NW Quad.

* If the flood runoff from the SCS detention basins south of Apache Junction are not relea,ed for recharge. the facilities in this ar stcou1d
be designed only for flood runoff from the Santan Mts. Area.
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FIGURE R-7

ECONOMIC ANALYSIS - GRAPH ILLUSTRATING INCREASE IN PUMPING

COSTS WITH AND WITHOUT RECHARGE

PRESENT MAXIMUN ECONOMIC PUMPING COST
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