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WATERSHED WORK PLAN
HILLIi.u'IS -ClVWDLER VJATERSHED

Naricopa and Pil~c\l Counties, Arizona
January 1963

Size and Location

The watershed is located in eastern Maricopa and northwestern Pinal
Counties, Arizona. The Williams-Chandler Watershed heads in the
Superstition Mountains and drains onto a wide alluvial fan on which
valuable improvements have been established. Ly"ng east of Chandler
and about 25 miles east of Phoeni.x, the flood ple.in includes a large
acreage of cultivated irrigated land which is some of the most highly
productive farm land in the state. A.Iso within the '>vatershed are the
tJilliams Air Force Base, the Town of Higley, part of the City of
Chandler, the Roosevelt Water Conservation District Canal, the Eastern
and Consolidated East Branch Canal system oi the Salt River Project,
and the Southern Paci~ic Railroad.

The total watershed area contains 154,976 acres of which 36 per cent is
cultivated fa~~ land, three per cent is non-agricultural and the
remaining 61 per cent is in range land. Forty-six per cent of the
watershed is in private o\vuership, 44 per cent is state o~med, eight
per cent is Federal (one per cent National Land Reserve, four per cent
Tonto National ~orestt and three per cent is Air Force installation),
and two per cent is Incian land.

This watershed is one of three for which the sponsoring local organiza­
tions have requested concurrent planning beceuse part of the flood
problem area is affected by all three watersheds. The northernmost
\'latershed is "Buckhorn-J:!Iesa II, the central watershed is "Apache Junction­
Gilbert", and the southern ~latershed is n~·Jilliams-Chandler.Ii The
relationship of the three watersheds is shown in Figure 1 - Watershed
Location E.ap.

Spo~~ing Organizati~~

This work plan was prepared by the Flood Control District of Maricopa
County, the Board o~ Supervisors of Pinal County, the Queen Creek Soil
Conser~ation District and the East ~mricopa Soil Conservation District,
'tvith technical assistaLlce :::u::nished by the United States Soil Conserva­
tion Service.

Y'!atershed Problems

High intensity IIcloudburst ll stOl.'"IllS during July, August, and September,
and long gentle rains in the \linter months, result in destructive floods.
Floodwaters resulting from these storms inundate the rich irrigated farm

-1-



Works of Improvement to be Installed

Project costs of $6,156,070 will be borne by P.L. 566 and other funds
as fallOl-Is:

Total
1,581,170

4,564,800
10 t 100

831,400
3 2 950

1,557,560

2,,392 2910

Other Funds
23,610 1/

3, 733 ,l~OO

6 2 150

Flood flows throughout the area are complex in that runoff from the
Apache Junction-Gilbert Watershed to the north enter and combine with
flood flows from the Williams-Chandler Watershed. Floodwaters
originating in the Queen Creek drainage area that exceed the capacity
of the channel overflow and intermingle with floodwaters in this
watershed.

The project includes both land treatment and structural works of
improvement. The land treatment measures reduce runoff and erosion
and increase infiltration rates and the waterholding capacities of the
soil. Measures to be installed on the cultivated land include crop
residue use, conservation cropping systems, irrigation water manage­
ment, cover and green manure cro~. Ilrough tillage, II land leveling,
irrigation pipelines, field ditches, and ditch lining.

irrigated farm land above the Roosevelt Water Conservation District
Canal. These floodwaters back up behind the Roosevelt Water Conserva­
tion District canal and overflow into the canal in such volume as to
cause breaks in the canal banks. Floodwaters then pour over high
valued farm land and into the Salt River Project's canal system where
further damage occurs. Historically, the area has been affected by
floodwaters on the average of once every two and one-half years.

To reduce floodwater and sediment damages two flood';\fater retarding
structures and 9.2 miles of floodway will be installed. Provisions
will be made to divert floodwaters from the floodway into a main
irrigation canal for irrigation use. (See Figure 5)

A 57 per cent reduction in floodwater and sediment damages will be
afforded the flood plain as a result of installing this project. It
will elinunate all damages from floodwaters originating above the
structures up to and including the one per cent event (the 100-year
flood) and reduce damages from floods greater than the one per cent
event. Additional irrigation water will be made available by the
installation of agricultural water management features. The project
will be installed during a four-year period.

P.L. 566 Funds
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Land Treatment Measures
Structural Measures ­

Flood Prevention
Irrigation

TOTAL 3,763,160
11 Technical assistance only •
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Average Annual Benefits Compa~ed to Average Annual Costs

Total average annual benefits attributable to the structural measures,
as proposed in this work plan are $326,050. Average annual cost of
structu~al measures is estimated at $197,300. The ratio of average
annual benefits to average aThlual costs is 1.6 to 1.0.

Arrangements for Installation, Operation and ~mintenance

Land treatment neasures will be applied and maintained by farme~s

cooperat.ing with the Queen Cree~ and East I1aricopa Soil Conservation
Districts.

All structural measures will be installed, operated, and maintained
by the Flood Control District of ~mricopa County. Average annual cost
of operation and maintenance is estimated at $23,700. The Flood
Control District of ~aricopa County has authority under State law to
construct, operate, and ruaintain works of improvement.

Operation and maintenance agreenents will be executed between the
Flood Control District of ~mLicopa County anQ the Soil Conservation
Service prior to issuing invitations to bid for each construction unit.

DESCRIPTION OF THE UATERSHED

Physical Data

Location

The watershed is located in eastern fmricopa and northern Pinal
Counties, Arizona, about 25 niles east of Phoenix. Heading in the
Superstition Nountains, it drains onto a wide alluvial fan on ~nLich

valuable agricultural and non-agricultuxal properties have been
established and are developing. Located on the flood plain area are
the Williams Air Force Base, the To,~ of Higley and part of the Town
of Chandler.

Land Use and Status

The total watershed area contains 154,976 acres of which 55,791 acres
are cultivated farm land, 4,649 acres are non-agricultural and the
remaining 94,536 acres are range land. Seventy~cne t~0usand four
hundred eight acres in the watei:shed are pri"!~·::':-]./ ('"(.'1.ec1, 68,303 acres
are state o~med, 11,662 acres are Federal (1,550 aC1CS National Land
Rese1~e, 6,662 acres Tonto National Forest, and 3,840 acres are Air
Force installation), and 3,603 acres are Indian land (Land use and
status are sho~vn in Figure 4) •
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Soils

15
20
65:'.-- _

100

% of Area

15 - vertical
1 - 3
less than 1

Per Cent S10p~

Acres
22,310
31,04.0

101 ,126

Resource Unit

Hountains
Valley Slopes
Valley

Land Resource Units
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Land resource units have been used to describe the soil, cover,
topography, geology, and erosion. Resource units delineated in the
watershed include the following:

Resource Unit

The elevation ranges from 1220 feet at the 't'l7estern 'tvatershed boundary
to 5100 feet in the Superstition Mountains in the northeastern portion
of the watershed. The general slope is to the southwest. The
following is a tabulation of average slope variations in the resource
units:

Geology

Nountains
Valley Slopes
Valley
TOTAL

Mountains - Soils are gene~ally very shallow to shallow stony gravelly
loams and sal dy loams. Up to 40 per cent of the area is rod: outcrop.

Physiographically, the area is part of the Sonoran Desert section of
the Basin and Range province. The Superstition r10untains are composed
of igneous and metamorphic rocks, the most common being Tertiary
dacite. Other rocks present in minor amounts are Pre-Cambrian granite,
schist, quartzite, and a small a~ount of Tertiary andesite. Gentle
alluvial slopes extend basinwarc; from the mountains. The upper slopes
in places are underlain at shallow depth by rock surfaces.

Soil conditions differ considerably in the watershed. A general
description of the soils by land resource units follmvs:

Valley Slopes - Soils are moderately deep on alluvium derived f~om a
variety of rocks. The top soils usually have a loam or gravelly loam
texture. Subsoils are sandy clay _oam and underlain by a strongly
cemented lime layer at 14 to 30 inches.

Valley - Soils are deep, medi~~ textured, weak to strongly developed
from alluvium derived from a variety of rocks ••

•
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Vegetation and~~ange Conditio~

Mountains - The vegetation is mainly shrubs with a light overs tory of
trees. During wet years there is a fair growth of annual grass and
weed species. Perennial grasses are lacking. TIle shrub species are
burr sage, cacti, creosote, and shrubby buckwheat l~ith an overs tory of
paloverde. Range condition is poor.

Valley Slopes - Vegetation consists of shrubs with a light overs tory of
trees. In wet years there is a fairly dense cover of annual grass and
weed species. Perennial grasses and forbs are lacking. The shrub
species are chiefly burr sage, creosote, and cacti. The overs tory is
composed of paloverde and ironwood. Range condition is poor.

Valley - Most of this area is under cultivation. Crops grown are cotton,
alfalfa, grain sorghums, sll~11 grains, and truck crops. Vegetation on
the uncultivated area is shrubs with a light overstorj of trees. In wet
years there is a heavy cove_ of annual weed and grass species.
Perennial grasses are lacking. Tae shrub species are creosote bush and
burr sage with an overstory of mesquite. Range condition is poor.

Stream Channels

There are no perennial streams in the watershed. Channels in the
mountains are well defined but most of them meander and disappear when
they reach the valley slopes. Those which are well defined through the
valley slopes spread out on the valley floor. Where floodwaters are
concentrated on the valley floor, gullies with active head cuts are
fOl~1ed.

Climate

The climate of the watershed varies from arid on the irrigated land in
the western portion of the watershed to semi-arid in the mountainous
country in the eastern portion of the watershed.

TIle Weather Bureau station data from Mesa and Superior is typical of
the western and eastern portions of the watershed. The mean annual
precipitation varies from eight inches at llesa to 17 inches at Superior.
The summer months of July, August, and September account for 35 per
cent of the average annual precipitation and the winter months in
December, January, and February account for 33 per cent of the annual
precipitation•
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Temperature Data - Degrees Fahrenheit
Mesa Station Superior Station

Follo~nng are mean monthly precipitation values for the Mesa and Superior
stations:

39
25
49

69
53
86

111 (July 1958)
25 (Feb. 1955)

Superior Station

(;3

30
17
44

50
33

119 (July 1907)
15 (January 1950)

Daytime Hunidity Data - Per Cent
Nesa St::ttion

Precipitation (inches)

Honth Hestern Eastern
(Hes~--st-;rtion) (Superior Station)

January .93 1.87

February .C2 1.85
Harch .77 1.83
April .38 • 9l~

Nay .14 .32

June .12 .29

July .96 2.14
August 1.19 2.55

September .77 1.41
October .39 1.02
Hovember .G6 1.31

December .93 1.96

Hean annual
Hean June
Nean December

In the late spring and early summer the temperature normally varies about
200 F. bet1'leen daybreak and early afternoon. Snow has occurred only
once in ~lesa' s 59 years of record and this uas in January 1937. There
are on the average 332 frost-free days per year 1'nth temperatures reach­
ing 260 F. or lower only five days a year •

11ean annual
Nean January
I-lean July
Highest recorded
LmJes t recorded

The severe thunderstorms are associated uith tropical disturbances
originating in the Pacific Ocean off the 1Jest coast of Mexico, causing
precipitation that would norma~ly fall in ai1 average year to fall
uithin a period of six hours to tHO days.

During the summer months, short duration thunderstorms may occur. in late
afternoon or early evenin3. These storms are associated vnth moist
tropical air that originates in the Gulf of Mexico. The largest daily
precipitation occurred at Superior in March 1954 and amounted to 3.66
inches.

•
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A second season of moderately heavy precipitation occurs during the
lnnter months. This precipitation originates from the Pacific Ocean
causing lndespread gentle showers, 11hich may continue intermittently for
several days.

Hater Resources

Water resources originate from three sources: (1) impounded Ivater from
the Salt River system of dams located outside the Ivatershed boundaries,
(2) underground water In1ich is pumped only ~hen surface supplies are
deficient, and (3) runoff from precipitation vnthin the watershed. The
total amount of water used each year on the irrigated land remains
approximately the same; houever, the amount of \later used from each
source may vary year .to year depending on the availability of water from
the other sources.

Runoff Ivater from precipitation I'lithin the tlatershed supplies a small
fraction of the amount of IYater needed for the irrigated area. This is
obtained by the installation of flood gates in the Roosevelt ~Jater

Conservation District Canal banks; hOIIever, because of the natu~e of
the uncontrolled flow, most of this :floodwater has to be diverted south
to Queen Creek above and adjacent to the banks of the Roosevelt Hater
Conservation District Canal in a floodway constructed for this purpose.

Surface water is brought to the irrigated lands from reservoirs located
on the Salt River, north and east of the IJatershed. The Salt River
system of dams has an impoundment capacity of 2,000,000 acre-feet of
~ater. Surface water for the irrigated area is delivered by three
canals, the Roosevelt Hater Conservation District, Eastern, and Consoli­
dated East Branch, IRlich traverse the watershed in a north-south direction.
Surface water from the Salt River system of dams is augmented by pump
water on the irrigated farm land below the Roosevelt Water Conservation
District CanaL

Underground supplies are available at depths ranging from 160 to 400 feet.
However, the underground \later level is dropping approximately eight feet
a year as pumpage exceeds replenishment from surface sources. The
irrigated farm land above the Roosevelt Water Conservation District Canal
is irrigated entirely by pump ~ater from underground supplies.

There are no reservoirs in the ~vatershed llhere surface vlaters are im­
pounded for irrigation use. There are a fe,., small stockvmter ponds
which have a negligi~le effect on surface runoff.

Queen Creek, an intermittent desert stream, is the southernmost boundary
of the watershed. The surface runoff from the Queen Creek drainage basin
at times overflolvs the channel banks and intermingles with flood~aters

from the watershed.

-7-
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Economi.c Data

The estimated population of t~e Billiams-Chandler Batershed is 10,300.
This does not include the many military and civilian personnel working
at the Williams Air Force Base located nine Qiles east of the TO~'ID of
Chandler. T~vo other tOvIDS, Higley, located seven miles east of Chandler,
and Queen Creek, located three miles southeast of ~Jilliams Air Force
Base, are located vJithin the vratershed. Higratory vrorkers increase the
area's population during the peak harvest seasons.

Population 8ro~·]th is and has been expanding over the pas t years as
additional land areas beco@e available for subdivision purposes.

The economy of the ~l1atershed is based primarily on the agricultural­
services trade enterprise. Agriculture is \Jell established and highly
developed. Farmers obtain ",ater through the Salt River Project,
Roosevelt Water Conservation District and by private ~l1ells to irrigate
the 55,790 acres of cultivated land in the uatershed. The value of this
farm land is estimated to be $74,200,000. T~l1o high valued crops, cotton
and vegetables, are gravID on 30,130 acres. Alfalfa, grain sorghum and
barley comprise the remaining 25,660 acres. These crops are gro,m on
approximately 195 farms having an average size of 285 acres. The
composite weighted gross income per acre realized from these crops is
estimated to be $360.

There are a number of cotton gin companies providing ginning services to
the cotton gro,~rs. A number of good size livestock feed lots supplement
the crop-pasture segment of the agricultural economy.

The Superstition Mountain area attracts many Hinter tourists, adding
considerab ly to the econOr:lY of the mltershed.

Transportation facilities are considered adequate at this time. Arizona
Higlnvay 87-93 traverses the extreme \vestern edge of the watershed through
the To\m of Chandler to the City of Mesa. IJumerous other state and
county roads serve the area's population. The main line of the Southern
Pacific Railroad between Tucson and Phoenix parallels the west boundary
of the ~Jatershed. ~ branch line of the Southern Pacific Railroad runs
through the eastern segment of the cultivated area through Gilbert, by
the TOlm of Queen Creel", and within close proximity of Hilliams Air
Force Base.

H~TERSHED PROBLEMS

Floodwater Damages

Historical records indicate that from 1910 to 1960, 33 floods have, in
varying degrees, damaged agricultural lands, residences, retail-commercial
property, roads, highuays, irrigation canals, the Southern Pacific

-8-
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Railroad, Williams Air Force Base, and other physical features of the
~~atershed. During this period 21 floods have occurred in the summer
months and 12 during the winter months. RUiloff from heavy rains in the
years 1926, 1930, 1941, 1943, 1946, 1954, and 1959 caused particularly
serious damage.

Land o~vners, both agricultural and non-agricultural, have over the past
years attempted to reduce the frequency of flooduater damages by
constructing flood dikes. Some ten ~iIes of on-farm dikes to dive~t

floodwaters have been constructed in the farm area east of the Roosevelt
Water Conservation District Canal. The farm dikes have to a very
limited degree protected the cultivated lands of the area. Flood
flo\}s of any magnitude breach these dikes and fiou in a south-southuest
direction. Uilliams ~ir Force Base was subject to flood~~ater inundations
prior to the construction of four miles of a channel and dike around
the peri~eter of the base and other flood features in 1957-58. The
approximate cost of these ~}orks was $275,000. vfuile they provide for
complete protection up to the one per cent event, inundation of the
access roads to the base results in losses of upuards to $50,000 per day
due to the inability of the many civilian and military personnel to
enter the base. Of more i~portance is the possible threat to the
nation's and area's security.

Flood flows in this area east of the Roosevelt Water Conservation District
Canal during the August 18 and 19, 1954 flood inundated 4~ 9 acriSlDf---­
cultivated land, breached the Southern Pacific Railroad and points along
t e trac an ui t u oe.in the Roosevelt !later Conse ation istr~

Canal and eventuallY broke throu h the canal at its confluence with the
railroad track. This storm is of the magnitude of one occurrin& once
every 7 ears. The canal was damaged for a lenGth of six miles to the
sout of the canal and the railroad. The flood situation in the areas
east of the canal and west of the canal \Jas further aggravated by flood
flovlS from the Apache Junction-Gilbert r·Jatel:'shed. The tuo flous
continued in a south-south\Jest direction and inundated an additional
11,580 acres of cultivated land. Flood,mters from greater events than
this 1954 flood have reached as far lV(~st as the City of Chandler and
have inundated 20,330 acres of cultivated land within the watershed.

Flooduater damages, as a result of the 1954 flood, seriously affected
the economy of the watershed. Damage to the cultivated areas valued
at $21,373,000 uas e}:tensive. Loss of cotton on the 7,715 acres of
cotton land inundated amounted to 5,400 bales, or a gross loss of
$675,000. The cotton seed rendered unusable from this cotton amounted
to 1,750,000 pounds, or a sross loss of $56,000. Cotton farmers in this
area are still feeling the effects of this loss. Not only did this
represent a considerable loss to the farmers themselves, it represented
a serious loss to the ginning companies and other agricultural service­
trade facilities in the area. Cotton quality as a result of this flood
~vas 10~-]ered. Ginning costs ~Jere higher as a result of flood debris on
the bolls.

-9-
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The estimated gross loss to alfalfa hay as a result of this flood,
amounted to $313,150. The tonnage of alfalfa lost amounted to an
estimated 14,000 tons. Thi.s uas a critical loss of feed to the number
of large dry lot livestock operators uithil:. the uatershed. This loss
in alfalfa tonnage ~vas equivalent to the production of 408,000 to
580,000 pounds of live ~veiGht beef based on a roughage feed.

Flood damages to the 580 acres of vegetable crops in the ~vatershed

amounted to a gross loss of 0435,000. This loss consisted of damages
suffered mainly to the melon and fall lettuce crops. The majority of
these crops were plo,red under.

The total evaluated flood~vater dawage to crops and pasture as a result
of this 1954 flood is esti~ated to be $1,033,000.

Residential and retail-coElIDercialproperty e};:perienced flood flous of
from six inches to three feet as a result of runoff from the 1954 event.
These properties are uell scattered throughout the flood plain and for
the most part are residences of farmers. Damages to the residences
and stores include loss of furnishings, repair of tile and wooe floors,
and repair of landscapinG. Thirty-seven miles of county and state
maintained roads were heavily scoured and 1Jashed. Transportation on
these roads was practically nil for two to three days after the flood.
Nany uatershed residents uere stranded in their homes while repairs uere
being made. The total damages to residences, retail-commercial stores
and roads 1nthin the ~Jatershed, as a result of the 1954 storm, amounted
to $36,000 •

The flood plain area is experiencing a substantial development process.
This development is taking place for the most part in the desert land
east of the Roosevelt Hater Conservation District Canal quite close to
the Williams Air Force Base. Flood.vater damages to these potential
developments some 15 to 20 years hence, if a storm of the magnitude of
the 1954 event Here to recur, w"Ould amount to an estimated $31£:.,000.
This includes the damages that would be sustained to roads as they
increase with increased development.

Total floodwater damages estimated for the watershed as a result of the
1954 storm amounted to $1,074,000. Potentially these damages could
amount to $1,350,000 as urbanization takes place on the flood plain.

The potential flooduater and sediment damaGe in the watershed in the
case of a one per cent event (an event uhich vlOuld occur once in 100
years) could Muount to an estimated $2,000,000. Similarly a storm of
the magnitude of occurring once every ten years could cause an estimated
$990,000 damage under present flood plain conditions. The Hatershed
economy could be set back an estimated $462,000 gross from damage to
cotton alone from a storm of this magnitude.

-10-
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In addition to direct losses within the watershed, there are considerable
indirect effects suffered as a result of flood flows. Rail truffic
alon8 the Southern Pacific Railroad is delayed as waters threaten to
breach the tracks. Considerable loss of time is experienced to laborers
involved in harvesting the variety of crops grot~ in the flood plain.
This is especially true in the case of vegetables which are almost
entirely harvested by hand. Cotton gins serving the area suffer loss
of income and disruption of scheduling as a result of floods.

Flood damages to this intensive agricultural producing area are a
continual drain on the economy of the watershed. They have hindered
land treatment application t'lithin the tvatershed and have indirectly
affected all agricultural connected services and trades inside and
outside of the watershed.

Sedi11).ent Damages

Deposition of sediment on the cultivated fields within the flood plain
from the 1954 storm was estimated at $296,000. Farmers were faced with
the task of releveling fields covered by heavy depositions of sediment.
Clean-out of on-farQ irrigation ditches and private wells serving both
agricultural and non-agricultural interests was necessary. These type
damages had a serious effect on the efficiency of applying irrigation
uater. Alfalfa fields tvere II smothered outH as a result of sediment
deposition. These sediment damages increased in magnitude as the flood
flows broke on-farm dikes and breached the floodtvay of the Roosevelt
Water Conservation District Canal •

Clean-out of silt deposits in homes and stores presented a formidable
task. Carpets were ruined. Normal sanitation conditions uere disrupted.
Scraping of roads for easy access tras another type of sediment damage
encountered. These conditions tvill steadily become worse as urbanization
of the flood plain area takes place.

Erosion Damages

After the 1954 event, farmers were required to haul in fill material to
replace soil which was scoured out. This damage occurred most frequently
where flotvs broke through on farm: dikes and floodtvays. Again the need
to maintain proper irrigation grades on cultivated fields was the prime
concern in immediate restoration. This scour damage amounted to an
estimated $13,500 in 1954.

Problem~ Relating to Dater Ma agement

Irrigation water to supply the cultivated farm land west of the
Roosevelt ~Jater Conservation District Canal is supplied through the
facilities of the Roosevelt Water Conservation District and Salt River
Project. The source of this supply is from surface water as diverted
from the Salt River system and a series of wells along the main irrigation
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canals. A third but very undependable source is from the capturing of
flood flows as they occur and enter the canals through gates installed
in the canals. This source is presently used to augment the surface
supply and reduce the overdraft of the underground supply. This method
has a number of undesirable features. The flood flows upon entering
the canals contain sediment and at present no measures are constructed
to desilt this water. Capacity of the canals are then lowered and
higher maintenance costs are encountered. These flows usually scour
and damage the canals at the gates upon entrance into the canals.

Since surface supplies are short, the wells along the Roosevelt Water
Conservation District Canal supply the majority of irrigation water.
The problem of augmenting these well supplies through the use of clean,
controlled flood flows when available is of concern to the local
sponsoring organization for a sustained agricultural production.

The Queen Creek and East Maricopa Soil Conservation Districts have
assisted farmers in the flood plain in constructing, operating and
maintaining measures considered essential in the efficient use of
irrigation water.

f~OJECTS OF OTHER AGENCIE~

Three major canal systems cross the watershed from north to south. Two
of these systems are operated and maintained by the Salt River Project.
The other system is operated and maintained by the Roosevelt lfater
Conserlation District. All three of the canal systems will be benefited
as a result of the structural measures proposed herein.

The Bureau of Reclamation has developed preliminary plans for the
proposed Central Arizona Project. The proposed Salt-Gila Aqueduct of
the Central Arizona Project will traverse the watershed in a north-south
direction approximately seven miles east of the Roosevelt Water Conser­
vation District Canal and will be complemented by the structural works
of improvement proposed in this plan. Considerable savings will be
afforded the aqueduct in providing flood protection and drainage. The
local office of the Bureau oi Reclffiuation has concurred in the formula­
tion of structural measures outlined in this work plan.

The Hhitlow Dam, located on Queen Creek five miles east of the watershed,
was constructed in 1960 by the U. S. Al~ Corps of Engineers. This
structure will reduce ilood peaks that could flood the watershed
adjacent to Queen Creel~.

Four miles of channel and dike have been constructed by the U. S. Army
Corps of Engineers around the perimeter of Williams Air Force Base to
protect the base from flood damages. These existing works and the
Whitlow Dam will eliminate serious floodwater damages to the Air Base
proper up to and including the one per cent event •
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BASIS FOR PROJECT FORMULATION

The project objectives of the local people are to: (1) eliminate or
reduce floodwater and sedinent damages to the highly productive irrigated
lands, farm property, ~oads, and utilities; (2) protect the existing
Salt River Project and Roosevelt Water Conservation District's Canals
and on-farm irrigation facilities; (3) reduce flood plain scour and
erosion; (4) afford protection to urban and industrial areas and land
suitable for future development to such use, and (5) make use of flood
flovs for agricultural purposes.

The land treatment measures, as proposed in this plan, will meet a portion
of the above objectives by reducing runoff and erosion and increasing
the infiltration rates and ~Jaterholding capacities of the soils. In
determining the magnitude of land treatment program to be applied,
emphasis vas placed on selecting measures 1,hich vould meet program
objectives and 1vhich would fit the needs and agricultural conditions
found on the flood plain.

Because of the complex and inter-related conditions that exist \lithin
the three watershed areas, the formulation of floodwater retarding
structures placed in series 1vith one common outlet to a safe disposal
point was more economical than other formulations considered and afforded
a high level of pio.tectio:l to the 'overall t'7ntershed 'areas•. y,Jorl<s:·o£ ,..
improvement proposed on the Roosevelt tJater Conservation District flood­
vay provided sufficient incremental benefits over incremental costs for
the one per cent event for inclusion in this plan. (See Figure 5)

The planned measures 1vill provide for the retardation of runoff up to
and including the lOO-year storm.

Consideration 1·laS given to release of floodvaters to Queen Creek
irnrnediately south of the Rittenhouse flood1Jater retarding structure.
This not only included the volume of water from the Vineyard Road and
Rittenhouse structures, but also the detention volume of the P01Jeriine
structure in the Apache Junction-Gilbert l1atershed. It was determined
that serious channel stability problems in Queen Creek would occur as a
result of the release of these floodwaters. The cost of stabilizing
Queen Creek ~'JOuld be in excess of the cost of the flood~·laY proposed.
Further details concerning this alternate study are discussed in the
Investigatiornand Analyses section of this plan.

An alternate study included a longer release time (30 days) from the
PO~ierline, Vineyard Road, and Rittenhouse floodwater retarding structures.
This study proved that additional embankment costs exceeded the floodway
costs. ~nother alternate study 1,hich would dispose of flood~laters into
a ground~vater recharge system showed that the total cost exceeded those
of the planned floodway.
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Consideration was given to storage of surface runoff for irrigation use.
This was determined to be unfeasible for tuo reasons: (1) the lack of
suitable storage sites because of foundation and topographic conditions,
and (2) the erratic occurrence of surface runoff ~1hich could be stored.

A substantial portion of the irrigation Hater supply in the uatershed
is pumped from deep wells, so this part of the Hater supply is subject
to rapid controL At such times as surface water from floods is
available, even though highly erratic in occurrence, it can be bene­
ficially used on the agricultural land by manipulation of the pumped
supply. This ~vill, in turn, help to reduce the overdraft on the under­
ground supply.

In the selection of sites for floodwater retarding structures, a primary
consideration was given to locations that would give the maximum degree
of protection to flood plain developments in place or to be installed.
This dictated a location higher on the watershed than the upper edge
of the developed area. After determination of the approximate size of
the area needed for future expansion, structure locations ~vere made
from a study of top03raphic and geologic conditions, comparative costs,
and other related factors.

Formulation of the project has been based on the principle of accomplish­
ing the sponsoring groups' flood prevention and irrigation objectives
in such a manner as to achieve maximum net project benefits within the
limitation of Soil Conservation Service standards and policies. Alternate
plans have been compared, involving kinds of structares and degrees of
protection. The selections have been made that gave the maximum net
benefits ~vithout regard to relative Federal and non-Federal costs. Flood­
way construction on the Eastern and Con~olidated East Branch Canals of
the Salt River Project proved unfeasible.

The proposed measures will provide to local residents an acceptable
degree of protection. Hatershed residents Hill be able to make better
use of their available resources ~·]ithout fear of seriously damaging
floods. Urbanized gro,Jth uill be sustained. Property values Hill
increase through reduction in floodvlater problems. Use of flood flous
for irrigation purposes \lill be made possible.

vJORKS OF Ij\JPf-.OVEt-ffiNT TO BE IlJSTALLED

Land Treatment Measures

Land treatment measures prescribed ~vithin this plan include only those
measures and practices which contribute to program objectives, by reducing
runoff and erosion and increasing the infiltration rates and ~vaterholding

capacities of the soils and contribute to better agricultural ,vater
management. All of these measures are considered essential to the
successful functioni~g of the watershed project. The measures provide
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for the use of the land within its capabilities and treatment in
accordance t"ith its needs for sustained agricultural production. Table 1
shows the quantity to be installed within the project installation
period and the estimated costs. The practices recommended for inclusion
in this plan are conse'!'Vation cropping systems, cover and green manure

. d ... , " h to· llage"crops, crop res~ ue use, 1rr~gat1on water managemenc, roug _1 ,

land leveling, field ditches, irrigation pipelines, and ditch lining.
The total cost of installing these measures, including the cost of
technical assistance, is estimated to be $1,531,170.

Conservation croPEing systems is the growing of crops in combination
with needed cultural and management measures.

Cover and green manure crops is the use of grasses, legumes, or small
grains in a cropping system primarily for sunrrner or winter protection
andlor the working into the soil these grasses and legumes while green
or soon after ll~turity for soil improvement.

Crop residue use is the utilization of plant residues left in the culti­
vated fields by incorporating them into the soil or leaving the~ on the
surface during that part of the year when critical erosion periods
usually occur.

Irrigation water ~nagement is the use and management of irrigation
water according to a planned farm-irrigation system where all necessary
control structures have been installed; where the quantity of water used
for each irrigation is determined by the need of the crop and the water­
holding capacity of the soil; where the water is applied at a rate and
in such manner that the crops are able to use it efficiently; and where
significant erosion does not occur.

BRough tillage" is the practice of leaving the soil in a rough or cloddy
condition for a period of 30 to 90 days to increase aeration, water
penetration, micro-organism activity, and to prevent further soil
structure breakdown.

Land levelin..z. is the reshaping of the land sl!rface to a planned grade to
permit uniform distribution of il~igation water without erosion, or to
provide necessary surface drainage.

Field ditch installation is the construction of permanent irrigation
ditches leading fr~ the source of supply to a field or fields within
the farm distribution system.

Irrigation pipeline~ is the installation of pipe and other conduits in
supply and distribution systems, including tile and perforated pipe used
for subsurface irrigation.

Ditch lining is the installation of fixed linings of impervious materials
in existip~ or newly constructed field irrigation ditches or canals •
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No accelerated land treatment measures in the upland drainage areas of
the watershed are pro?osed in this plan. The major portion of the land
above the structures is state or Federally owned and restricted in
grazing rights to years where sufficient rainfall has provided an
adequate vegetative cover. Under this condition, it is felt by the
various agencies concerned that the conservation objectives for this
type land is at the present satisfactory.

Structural Measures

Structural measures to be installed are those needed to reduce damages
caused by flooding and those needed for agricultural water management.
Two flood~Jater retarding structures controlling 45 per cent of the lvater­
shed area, 9.2 miles of floodway construction, and one irrigation water
turnout stL~cture with gates are included in this plan. The total
estimated cost of instal1ir~ these measures is $4,574~900 and is shown
in Talhle 2.

Floodwater retarding structural data are sho~m in Table 3 and floodway
structural data are shovm in Table 3A. Location of project works are
shmvu in project map, Figure 5. Typical structural details are shol~ in
FigUi:'es 2 and 3.

Rittel~ouse Dam and Floodway

The Rittenhouse floodwater retarding st~~cture will be constructed east
of the Rittenhouse Auxiliarv Air Field in Pinal County at an estimated
installation cost of $1,365:400. This structure will provide floodwater
protection fr~l the one per cent event. It will have a total storage
capacity of 3,770 acre-feet llit:l 3:1 590 acre-feet allocated to floodwater
storage and 180 acre-feet allocatee to a 50-year accumulated sediment
storage. The dam will be four miles long and have a maximum height of
22 feet. The maximum release rate from the 54-inch diameter reinforced
concrete pipe principal spillway will be 313 c.f.s. (cubic feet per
second) and will drain the runoff from the one per cent event in about
ten days. The ere.ergency spilhJs-y will be of earth construction and lvill
be located around the south end of the erubankment. Additional
structural data are shovJU in Table 3.

A floom~ay 1.2 miles long will convey floodwater from the principal
spillway in the Rittenhouse dam to the Vineyard Road dam. The capacity
of this floodway is 313 c.f.s. The floodway will be lined with reinforced
concrete with a stilling basin at the lower end. The estimated installa­
tion cost of this floodway is $408,400. Additional structural data are
sholvu in Table 3A.

Vineyard Road Dam and Floodl" ay

The Vineyard Road floodvlater retArding structure will be constructed
immediately east of Vineyard oad in Pinal County at an estin~ted

installation cost of $1,673,600. TI1e structure will provide flood~ater
protection from the one per cent event. It will have a total storage
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capacity of L~, 310 acre-feet, uith 4,110 acre-feet allocated to i:lood~'later

storage and 200 acre-feet allocated to a 50-year accumulated sediment
storage. The dam uill be five miles long and have a maximum height of
21 feet. The maximum release rate from the 6'x6' reinforced concrete
culvert principal spilluay Hill be 705 c.f.s. and \'lill drain the runoff
from the one per cent event in about ten days. The emergency spill\vay
uill be of earth construction and \'Jill be located around the south end
of the embankment. ~dditional structural data are sho~ in Table 3.

A flood~"ay 0.8 miles lonG Hill convey flooduaters from the 6'x6' rein­
forced concrete culvert principal spillvlay in the Vineyard Road dam to
a reinforced concrete junction structure in the Pm'Jerline flood1:'Jay in
the Apache Junctio:l-Gilbe:!."t Hatershed. The capacity of this flooduay
is 705 c.f.s. The installation cost of this flooduay is estimated to
be $301,400. Additional structural data are shocffi in Table 3A.

Roosevelt Uater Conservation District Flooduav

The existing 7.2 oiles of flood'\7ay Hithin this Hatershed above the
Roosevelt Hater Conservation District Canal uill be enlarged to collect
and discharge flood~Jaters £rom the Pouerline flooduay plus the flood­
Haters from the uncontrolled area below the dams. This 7.2 oiles of
improvement of the flood1:my represents a portion of the total 14.6
miles of floodway improvement proposed in the tuo \vatersheds. The
remaining 7.4 miles of flooduay improvement is proposed uithin the
Apache Junction-Gilbert tmtcrshed. The estimated installation cost of
constructing the 7.2 !'ailes a.;: Hood~'laY is $016,000. The ilood\vay
capacity varies frolll L;,133 c.£.s. to L;.,G33 c.f.s. These flood~.,ay

improvements are designed to convey the one per cent event.

Measures for Irrigation

A reinforced concrete structure Hith gates is planned in the levee
bet11een the Roosevelt Uater Conservation District floodHay and canal
bela", the junction uith the Powerline flood\vay. This structure Hill
permit flooduaters to be entered into the canal, Hhen desired, and
utilized for irrigation purposes. This structure will have a capacity of
about 500 c.r.s. The total installation COGt of the irrigation structure
is estimated at $10,100. ~dditional structural data are sh01ffi in
Table 3.:\..

EXPLArATIOH OF mSTALLATIOll COSTS

Land T·ceatmel.t Neasures

The total cost of land treatment oeasures ~Jere determined by unit costs
of the various practices. These unit costs Here derived from avera3e
costs for the state and adjusted to meet farming conditions as found in
the vlatershed area. The L:~nd o~mers uill bear the cost of applying land
treatment measures on their 01ffi land.
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Costs of applying the land treatment measures vere derived on the basis
of the going progran uith ~he addition of those measures needed to
accomplish the objectives of the local sponsors through accelerated
planning. Cost of technical assistmlce ~laS like'l7ise derived on the
basis of what is being accomplished from regular appropriations of the
Soil Conservation Service and ,mat is needed under the accelerated
program. Cost of technical assistance for accelerating the rate of
installation of the land treatment measures \Jill be met by P.L. 566 funds.

Struc.tural Measures

The total installation cost of structural ~easures includes: (1) construc­
tion cost, (2) installation services, (3) the cost of land, easeme~ts,

and rights-of-ua)T, and (l:.) the cost of administering contracts.

Cost estimates for construction items sho\r~ in the engineer1s estimate
have been based on data found in the most recent Abstract of Contract
data for flood prevention projects in Arizor.a. Cost data from recent
pipe and irrigation catalogues have also been used for computing
estimates. Contingency costs are based on additional costs that may be
incurred as a result of detailed studies and reflect additional costs
needed at the tine of construction. These costs are estimated at 20
to 25 per cent. These t\lO cost items, eneineerls estimate and contingen­
cies, make up the construction cost for each item as sho\ffi on Table 2
of this plan.

Installation service costs ref~ect time requi~ed to complete detailed
engineering surveys, intensive ~eologic investigations, design, con­
tracturl items, layout, supervision of construction and other services.
Twenty per cent of the construction cost ~JaS used in determining
engineering services, and other services uere f:i.3ured at ten per cent
of the construction cost.

Land, easements and rights-of-Hay cost figures Here furnished by the
sponsors after revieHing available d~ta uith the Maricopa County
Planning and Zoning Department and the State La~d Department. Land on
and surroundinr; the flooduater retarding structure locations is state­
m-med land. After a revieu of recent state sales in the area by the
sponsors and the State Land Department, an average cost vas determined.
Private land along the Vineyard Road flooduay \'7as computed on the
basis of going prices as estimated by the local sponsors. Value of
agricultural land needed along the Roosevelt tmter Conservation District
flooduay area \\Tas estimated and recognizes going price coupled uith
type and value of crops gr01m. Bridges, road relocations, telephone line
relocation, land, easements, and rights-of-uay costs outlined in this
work plan have been determined by the sponsors and the Service and are
mutually understood.

Administration of contracts is estimated at one per cent of the construc­
tion cost. They include leea1, administrative, and clerical services
incurred by the contracting local organization carrying out contracts •
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The £ollc~nng costs will be borne by other funJs:

5. The cost of administration of contracts. (Estimated $20,800)

61%
39%

$3,763)160
2,3S'2,910

P .L. 566 funds
Other funds

3. The non-Federal share of the construction cost of the features for
agricultural water management. (Estimated $3,850)

2. The cost of technical assistance for existing land treatment programs
on non-Federal land. (Estimated $95,G80)

The total P.L. 566 cost of this project is estimated to be $3,763,160,
and other obligations estimated to be $2,392,910. Installation costs
for each fiscal year during the installation period are shown as £0 110\'JS :

Sharing of costs allocated to ag...·icultural Hater management is based on
P.L. 566 funds bearin~ 50 per cent of the construction cost and all
costs of installation serv~ces.

1. The cost of installinG land treatment measures on non-Federal land
(Estimated $1,461,880). Such cost-sharing assistance as uill be
available under other programs 'lill be utilized •

4. The cost of land, easerJents, and rights-of-'l3Y for structural
measures. This item includes cost of bridges, and relocation of
utilities. (Estimated $002,700)

2. The construction cost of the Vineyard Road and Rittenhouse floodwater
retarding structures and their flood~'TaYs, and the Roosevelt Hater
Conservation District floodway. (Estimated $2,871,800)

3. The Federal share of the construction cost of the features for
agricultural water management. (Estimated $3,850)

4. The cost of installation services for all structural measures.
(Estimated $063,900)

1. The cost of technical assistance needed to accelerate the application
of land treatment measures on non-Federal land. (Estimated $23,610)

The following costs uill '0e borne by P.L. 566 funds:

Total cost of the project is estimated at $6,156,070 and Hill be shared
as follo\\7s:

•

•
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Land Land
Treatment Structural lreatr:1ent Structural

Neasures Measures Neasures Neasures

Fi seal Year (Dollars) (Do1Jars) (Dol).ars) (Do~llars) Total

;;lst Year 5,900 50,000 339,390 300,000 745,290

2nd Year 5,900 1,665,600 389,390 515,200 2,576,090

3rd Year 5,900 1,455,150 389,390 10,050 1,870,490

L~th Year 5,910 558,30Q 339,390 10,100 ~GL:.• 200

TOTAL 23,610 3,739,550 1,557,560 835,350 ,6,.1?6,O70

EFFECTS OF ~'JORKS OF IHPP-.OVEMENT

•

The uorks of improvement proposed in this plan uill substantially reduce
flooduater damages and associated problems. Some 195 farmers cultivating
approximately 55,790 acres valued at $74,230,000 uill directly or
indirectly be benefited through reduction of flood'Jater and sediment
damages. Of the 16,070 acres of agricultural land inundated by the
August 18 and 19, 1954 flood, approximately 13,120 acres vnil be flood
free if this storm or one of a similar magnitude v~re to recur. Of the
4,490 acres of cultivated land flooded by the 1954 storm east of the
Roosevelt Hater Conservation District Canal, appro~~imately 2,920 acres
Hill receive no flooduater inundation after instaU.ation of project Horks!
The cultivated lands nest of the Roosevelt Hater Conservation District
Canal uere inundated to the extent of 11,580 acres in 1954. After
prograI!l uorks are installed an estiI!lated 10,200 acres "rill be flood free
considering a storm the size of 1954 or one of similar magnitude.
Flood'Iater and sediment damages sustained to crop and pasture and
associated agricultural aspects under present conditions will be reduced
some 80 per cent under project conditions. The cost of cleaning out
and repairing irrigation facilities Hill be reduced by approximately
76 per cent. This reduction, coupled with the protection afforded to
the Salt Uiver Project's and Roosevelt Uater Conservation District's
Canals, ~·7ill have a meanin2;ful effect on the efficient use of irrigation
water which in the past have been disrupted for critical periods of
time after flood f10us have breached these canals. The need by farmers
to relevel irrigated lands scoured by flood flows will also be greatly
reduced.

Floodwater and sediment damages to existing roads, high~lays and other
properties Hill be reduced an estimated 71 per cent. The program ~vill
also afford a high degree of protection to a~ estinated 790 ho~es

expected to be built in the flood plain. Investors will be able to make
better use of their available resources without fear of serious flood
threats.

One significant effect of the proposed project iIill be the reduction of
flood flo~7s over the l:lain access routes to lTilliams Air Force Base. This
uill reduce substantially the period of delays encountered on the access
roads to the base.



•

Structural facilities to provide use of flood flo~JS for irrigation
purposes, as proposed in this plan, Hill r.1alce available 75 per cent of
the estimated average annual yield of 2,220 acre-feet from the controlled
area behind the floodHater retarding structu~es. This 2,415 acre-feet
of ~qater Hill help reduce overdraft of the underground supplies and is
sufficient water to irri~ate 520 acres of cultivated lands. The
quality of this water ~rrll be improved by removal of most of the sedir.1ent.

PROJECT BEI'1EFITS

Project benefits to accrue ~Jithin this 'tlatershed, as a result of in­
stallinG the proposed structural programs in 00th the Williams-Chandler
and Apache Junction-Gilbert tlatersheds, are estimated at $382,180. Those
benefits 'tvhich ~;ill accrue as a result of the installation of Horks of
improvement in the Apache Junction-Gilbert ~Jatel'shed are estimated at
$50,930. Net project benefits attributable to structural measures, as
proposed in the Hillifu"'11s-Chandler Uatershed, is estimated at $326,050.
Benefits from application of the land treatment r.1easures on the cultivated
land are estimated to be ~5,200 annually.

Flood damage reduction benefits are estimated to be $285,050. FloodHater
benefits are estimated to be $213,790 of this amount. Sediment benefits
and reduction in flood plain scour is estimated to be $45,610. Reduction
of indirect damages is estimated to be $25,650. Of the $213,790 flood­
~later benefits an estimated $164, 620 ~!ill accrue to crops and pasture
and other agricultural aspects.

In addition to the flood damage reduction benefits, the installation
or irrigation facilities uill accrue benefits estir.1ated to be $41,000.

Benefits of a non-monetary nature are also e::.pected to accrue. The
proposed program 'tnll have a far reaching effect on the 195 farmers
in the area. These fai.'"1l1ers "ill be able to r.lake more efficient use of
irrigation 'tlater. ~educed delays in harvesting and transporting goods
to market are expected benefits of this pro~ram. Developments of this
nature should increase the demand for both semi-skilled and unsl,illed
labor on the farm.

Some 10,300 people ~'nll realize greater ease of travel from their resi­
dences and places of business through reduced flooding of roads and
highways. The significance of this type benefit is brought to light
~n1en examining the potential loss due to the inability of civilian and
military personnel to tr'avel to the Uilliams Air Force Base. Losses
estimated at $50,000 per day ,nIL be greatly reduced through reduction
in flood flows over access routes to the base. Perhaps a more
significant effec~ is the reduced flood hazard to the country's defense
system.

Property values "nIl increase as a result of reducing the frequency of
flooding. As a consequence, the area's ta::. base 'tnll increase and pro­
vide a more sound foundation for investment in the economy of the ~~ater­

shed •
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PROJECT TNS~~LLATION

Land Treatment M~asur~

Bureau of :t;.and l1anagement_ \-7i11:

-22-

Continue its existing management program which it administers •1.

Queen Creek Soil Conservation District and East Haricopa Soil Conserva­
tion District will:

2. Conduct such inforroztion and education progranffi as required to
infonn local people of the project.

1. Provide assistance to land owners and operators to assure the
application o£ Ian treatment measures sho~V:n in Table 1.

COI1PA· SON OF BEJI!EFI'J'S A:tm COSTS------

Responsibilities for carrying out the provisions of this work plan are
assigned as follows:

The local field office of the Bureau of Land }mnagement, United ~tates

D~partment of the Interior, has concurred in the features of this plan
relating to watershed lands under their jurisdiction. The Forest
Service, United States Department of Agriculture, has assisted in the
preparation of the phases of the "7ork plan for all lands under their
jurisdiction.

To assure the installation of measures outlined in this plan, groups of
private, local, state, and Federal interests will be involved. These
groups include farmers and ranchers, residents, the Flood Control
District of Maricopa County, the Pinal County Supervisors, the East
i~ricopa Soil Conse~-gation District, the Queen Cree~ Soil Conservation
District, City of Chandler, Will~aITill Air Force Base, State Lane Depart­
ment, Salt River Valley Hater Users' Association, _.oosevelt Hater
Conservation District, United States Bureau of Land lmnagen~nt, United
States Forest Service, Unitec States Bureau of Reclareation, and the
United States Soil Conservation Service.

The amortized installation cost of planned wo~ks of improvement for
this proposed project is $173,600. The estirr~ted average annual cost of
operating and maintaining these works of improvement is $23,700. The
total average annual costs are $197,300, and the estiil~ted average
annual primary benefits are $326~050. The ratio of average annual
benefits to the average annual costs is 1.6 to 1.0. Table 6 shows a
comparison of benefits and costs for the structural measures proposed.
Secondary benefits were not evaluated and hence not used in project
justification.

•
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Forest Service will:

1. Continue its program of controlled use adhering to accepted
conservation practices for utilization of natural resources.

Soil ConservatioQ....Service w'iJ.J,:

1. Furnish technical assistance through the Queen Creek and
the East Maricopa Soil Conservation Districts to private
land mlners for the applicatior. of land treatment measures out­
lined in this work plan.

Agricultural Conservation PEQgram Se.rvice will:

L Provide Federal cost-sha.ring assistance in accordance with
existing Agricultural Conservation Program Service policies and
procedures to individual farmers and ranchers in applying
approved conservation practices on their farms and ranches.

Structural Measures

nle local responsibilities for installing, operating, and maintaining
structural works of improvement will be assumed by the Flood Control
District of Maricopa County.

The Flood Control District of Maricopa County wil~:

1. Carry out and assume the responsibility and all liability for the
construction, operation, and maintenance of structural measures.

2. Acquire or provide assurance that land o~mers or water users have
acquired the necessary water rights.

3. Acquire and bear costs for all land, easements, and rights-of-way
needed in connection with the works of improvement. The power of
eminent domain \vill be exercised if necessary.

4. Act as contracting organization for the construction of all
structural measures.

The Soil Conservation Service will:

1. Furnish installation services for engineering surveys, design,
construction plans, and specifications of structural works of
improvement for flood prevention and agricultural water management,
and supervision of construction.

2. Allot construction money in accordance with cost-sharing and the
installation schedule outlined in this plan or as may be revised by
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mutual agreement. Money allocations will be in accoEdance with
National priorities and availability of funds at the time of
installation.

3. Maintain liaison with sponsors, state, and Federal agencies involved
to the end that united effort and coordinated action tnll produce
effective results.

Installation Schecule

Installation of structural measures will beGin as soon as practical
after the approval of the trork plan and allocation of P.L. 566 funds for
participation in the project. It is planned to complete construction
in four years. Land treatment measures shotm in Table 1 \'7ill be applied
concurrently tvith the installation of structural measures.

Harks of improvement tlill be planned, installed, and applied as follot'1s:

First year--application of land treatment measures will be started,
engineering field surveys, geologic foundation investigations, and
engineering design will be made for the Vineyard Road and Rittenhouse
dams and flooclvlays. Hark will be started to acquire the necessary land,
easements, and rights-of-uay.

Second year--the application of land treatment measures tvill be continued.
The Vineyard Road dam and £loodway will be built under contract after
all land, easements, and riGhts-of-t';ay have been acquired for the
construction unit.

Third year--engineering field surveys, geologic foundation investigations,
and engineering design uill be made for the Roosevelt 1-Jater Conservation
District floodt'1ay with its agricultural water management features.
Application of land treatment measures 'viII continue. The Rittenhouse
floodtvay and flooduater retarding structure t'lill be constructed.

Fourth year--the application of land treatment measures will be completed.
The Roosevelt Water Conservation District flood.my tnll be built.

FINAlJCIl1G PROJECT INSTALLATION

The Maricopa Flood Control District vnll construct, operate and maintain
the structural measures outlined in this plan. The District is a public
political taxinG subdivision of the State of Arizona and a municipal
corporation. It has pOtrer to acquire property by eminent domain or
othertnse and issue bonds.

The boundaries of the District are contiguous vnth those of the county.
Houever, facilities may be acquired, constructed, and maintained outside
the boundaries of the county for the benefit of the District.
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The District has analyzed its financial needs in consideration of the
scheduled installation of worvs of improvement so that funds will be
available when needed througl\ cash resources or tax and assessment
levies. Taxes are being levied for the benefit of the District.

The loan provisions of the Watershed Protection and Flood Prevention
Act will not be utilized by the sponsoring local organization. That
portion of the local sponsor's share of the installation cost referred
to as land easements and rights-of-wey will be negotiated for by the
local sponsoring organization or acquired by eminent domain.

Federal assistance for carrying out the works of improvement on non­
Federal land, as described in the work plan, will be provided under the
authority of trie Watershed Protection and Flood Prevention Act (Public
Law 566. 83rd Congress, 68 Stat. 666). as amended.

Financial and other assistance to be furnished from P.L. 566 funds in
carrying out this project is contingent on the appropriation of funds
for this purpose.

In the installation of the land treatment measures described in this
plan, Federal assistance in cost-sharing will be utilized under the
Agricultural Conservation Program.

PROVISIONS FOR OPERATION AND Y~INTENANCE

Land Treatment Measures

Farmers cooperating with the Queen Creek Soil Conservation District and
the East Maricopa Soil Conservation District will be responsible for
maintenance of land treatment measures.

St~~ctural Measures

The Flood Control District of Maricopa County will maintain all
structural works of improvement after they are installed.

A joint inspection of structural measures will be made by a representa­
tive(s) designated by the sponsors and by representatives of the Soil
Conservation Service annually (about October 1) or after each major
flood, to determine if and ~~hat maintenance work is necessary to
insure their proper functioning.

Specific operation and maintenance agreements will be entered into
between the sponsors and the Soil Conservation Service prior to the
issuance of invitation to bid.

Total annual operation and maintenance cost of structural measures is
estimatec to be $23,700 •

-25-



•

•

•

Those items considered necessary for the proper operation and adequate
maintenance of the structural ~.;rorks of improvement are as folIous:

Operation--

1. The structural measures for flood prevention are automatic in their
operation. The principal spillways are unsated and will begin to
release ,later as soon as the floodwaters reach them.

2. The gates in the turnout structure, llhen closed, ~lill keep £looduaters
flowing dO"m the Roosevelt v~ter Conservation District flood~lay to
Queen Creek. By opening the gate, flooduaters ,l1ill flo~11 into the
canal and uill be utilized for irrigation purposes.

Naintenance--

1. Keep gate in good mechanical condition and free from debris and
sediment accumulation.

2. Regrade faces of earth embankment.

3. Repair damage to emergency spillways.

~.. Remove trash and debris from principal spillway inlets.

5. Repair damage to flood'lays and stilling basins •

6. !1aintain drainage gradient through reservoir basins.
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TABLE 1 - ESTn~TED INSTALIJ...TION COST

Williams-Chandler Watershed, Arizona

Est1~ted Costs {po~la~s)~1

Non-Federal Land

575,900
280,000
863,900

802,700

January 1963

o
o
o

802,700o

863,900

575,900
280,000

2 1,830,900 0 1,880,900
1 3,850 3,D50 7,700

~ • 2 9;..:::9.:;.0.z.,.:;.90.::-oo--__-:--_",.......;0c---:-~99~0~,r..:9~0:_::0-
2,G75,650 3,850 2,879,500

-27-

Unit Number P.L. 566 Other Total

Acres 38,538 38,600 38,600
Acres 6,532 130,640 130,640
Acres 50,000 86,480 86,480
Acres 15,56B 15,560 15,560
Acres 12,160 . l}C,640 48,640
Acres 9,120 638,400 638,400
Hi.les 55.6 333,600 333 7 600
'Hiles 9.2 520 520
L.F. 2l~,20l:. 169,/:-40 169,440

~3,610 95,,680 119,290
23 ,610 1,557,560 1,501,170

Ea •
No.
I:1i1es

Subtotal - Installation
Services

Installation Cost Item

Other Costs
Land, Easement~, R/w
Administration of

Contracts 0 28,000 28,000

Installation Services
Soil Conservation Service

Engineering Services
Other

TOTAL LAND TREAl11ENT
STRUCTURAL l1EASURES -

Soil Conservation Service
Floodwater Retarding

Structures
Ir!igation Features
Floodway Con8truction

Subtotal-Construction

lAND TREATIiJENT
Soil Conservation Service

Cons. Cropping Systems
Cover & Green 14anure Crops
Crop Residue Use
Irrig. t-later Hanage:ment
Rough Tillage
Land Leveling
Ditch Lining
Field Ditches
Irrig. Pipelines
Technical Assistance

1/ Price Base - 1962 prices.

Subtotal - Other 0 831,509 831,500
TOtAL STRUCTURAL l'i!1\=LS::.;:URE="-:.=-S=====================.==3~,:':7-;;3:.:::9~,=-5.:::.50=--_~8~2.J 350 _.!:J!t 574" 900
!Q.l'AL ?ROJECT = 3,763,160 2,39~910 6,156,070

•

•

•



TABLE lA. .. STATUS OF 'ltJATERSHED HQRKS OF TI1PROVEl'.:ENT
(at time of Work Plan preparation)

Vlilliams-Chandler VJatershed, Arizona

FEDERAL (Tonto National Forest)
Fences l1iles
Spring Development
Technical Assistance

8,400
900
920

January 1963

Total Cost
(D~l1ar,;>21/

9,450
47,760
26,320

5,480
11,060

2,563,390
1,900

719,980
1,302,000

257,240

7
3

xxx

9,454
2,388

17,54-9
5,483
2,765

36,627
34

102,954
217

Applied to Date

xxx

Unit

Acres
Acres
Acres
Acres
Acres
Acres
lu1es
L.P.
Hiles
Dollars

-28-

TOTAL

1/ Price Base" 1962 prices.

_ Neasures
J..AND TREATMENT

NON-FEDERAL
Cons. Cropping System
Cover & Green p~nure Crops
Crop Residue Use
Irrigation Water l~t.

Rough Tillage
Land Leveling
Field Ditches
Ir:.:ig. Pipelines
Ditch Lining
Technical Assistance

•

•
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Williams-Chandler Watershed, Arizona
(Dollars)1/

Installation Cost--P~L. 566 Funds Installation Cost - Other Funds
Instal. Services Total Total

Construc- Engi- PL 566 Adm. of Ease. Total lnst.
Structure Name tion neering Other Costs Constr. Contract R/W Other Cost

FLOODWATER RETARDING
STRUCTURES

Rittenhouse 353,200 170,700 35,300 1,109,200 0 8,500 2lJ,.7,700 256,200 1,365,400
I Vineyard Road 1,027,700 205,500 102~300 1,336,000 0 10,300 327,300 337,600 1,673,600N

\D• FLooDWAYS
Rittenhouse 310,4.00 62,100 31,000 403,500 0 3,100 1,800 4,900 408,400
Vineyard Road 224,000 44,300 22,400 291,200 0 2,200 8,000 10,200 301,400
Roosevelt Water

Conservation District 456,500 91,300 l~5,700 593,500 0 4,600 217,900 222,500 816,000

IRRIGATION FEATURES 3,850 1,500 800 6,150 3,350 100 0 3,950 10,100

GRAND TOTAL 2,875 .. 650 575,900 288,000 3,739,550 3,850 28......300 802,700 835..350 4,574,900

1/ Price Base - 1962 prices

January 1963

• •
TABLE 2 eo ESTINATED STRUCTURAL COST DIS~IBUTION



TOTAL 4, 56l:·,OOO 10,100 4,574,900• CGST SHARING

P.L. 566 3,733 ,l~00 6,150 3,739,550

Other 831,400 3,950 835,350

TABLE 2A - COST ALLOCATION AND COST-SHARnlG SlJIvlHARY

Total

4,574,900

January 1963

10,100

10,100

Irrigation

4,56l~,GOO

(Dollars) 1/

COST ALLOCATION

l.,c,564,800

____---l'URPOS:B;::-'__
Flood

Prevention

~30-

Williams-Chandler Watershed, Arizona

Item

TOTALS

Single Purpose

1/ Price Base - 1962 Prices.

•
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TABLE 3 - STRUCTURE DATA

FLOODUATER RETARDING STRUCTURES

380
7700
8080

January 1963

200
4·110
4310

110 190
730 1330

1,035,000 1,9Ul,000
154·2.0 xxx

21.0 xxx

1536.0 }Q,.'X

600 x~~x

earth xxx
1 xxx

82.2 xxx

3.5 xxx
0.62 xxx

xxx
xx.x

1532.4 xxx

7.0 xxx
2.12 x~cx

l~.5 xxx
1720 xxx
1538.2 xxx

705 xxx
10 xxx

0.07 xxx
1.33 xxx
1.:37 xxx
B xxx

3.5
0.63

0.07
1.31
1.66
B

313
10

180
3590
3770

1580.0
700

earth
1

81.9

1576.3

7.0
2.27
l~. 3

1670
1582.0

____--'S;;.:T:;..;:R~U:..;C;.;:TUP.;;,;;-"".E"__ _
Vineyard

Road _---'T"'-'OTA:=:L~_

57.0 109.1

80
600

083,000
1586.0

22.0

Rittenhouse
51.3

-.31-

UNIT
Sq.

Ac. Ft.
Ac. Ft.
Ac. ft.

Ft.
Ft.

Acre
Acre
Cu.Yds.
Ft.
Ft.

In.
In.
Ft fSec.
C.?S.
Ft.

In.
In.
FtiSec.
c.f.s.
Ft.

Days

In.
In.
In.

Gr.eater than minimum criteria.
~~xiroLlm during passage of hydrograph.
Storm rainfalls selected for emergency spillway design
data are between the Band C criteTia established for
class of structure, as stated in Engineering Demo 27 •

______---:I=TEN. _

Hilliams-Chandler ~'Jatershed, Arizona

Drainage Area
Storage Capacity

Sediment
Floodv7ater
Total

Surface Area
Sediment Pool
Floodwater Pool

Volume of Fill
Elevation Top of Dam
IvIaximum Height of Dam
Emergency Spillway

Crest Elevation
Bottom Hidth 1/
Type

Percent Chance of Use
Av. Curve 110. - Condition II
Emergency Spill~ay Hydrograph

Storm Rainfall (6 Hr~)

Storm Runoff
Velocity of Flow (Vc) 2/
Discharge Rate 2/ -
Nax.. \-J. s. elevation '1:./

Freeboard Hydrograph
Stona P~infal1 (6 Hr.)
Storm Runoff
Velocity of Flow (Ve) 2/
Discharge Rate 2/ -
IvIax. w.s. elevation 2:../

Principal S~illw~

capacity at Emergency
Spillway

Time to Release
Capacity Equivalents

Sediment Volume
Detention Volume
Spillway Storage

Class of Structure 3/
--='-----

1/
2/
"Jj

•



January 1963

Sta. Nu.'Ubering
for Reach

Design Required Av. Av. Av. Av. Vol. of
Channel Sta. Sta. Type R/~v Storm Channel Bottom Side Depth Av. Vel. in Excava- Vol. of
Designation Channel Hidth Frequency Capacity Hidth Slope Channel Fall Channel tion Concrete

Hor.--
_I.S-. Ft. Feet % c!f.s. Feet Vert.11 Feet Ft/Ft. Ft,tSec. Cu. Yd. Cu. Yds.

Rittenhouse 0-:-70 63-:-70 Ric 50 1 313 7.5 Vert. 5.25 0.0060 11.5 20,000 2,650

FIoom·Jay 63-:-70 63~"90 Stilling Basin 313 7.5 Vert. 40

11 Shape of floodway may be altered during detailed design phase if found
advantageous to the Service.

2,040
60

•

13,00013.95.25 0.0060

100 3:1 8.5 0.0005 4.0 464,000
(Erobanlanent 66,700 cu.yds.)
100 3:1 3.8 0.0005 2.5)

gates installed in levee for agr. water mgmt.
110 3:1 8.5 0.0005 4.0 363,000
(Embanl~nt 53,300 cu. yds.)

41331

•
TABLE 3A .. STRUCTURE DATA

FLOODHAY STABILIZATION
Williams-Chandler Watershed, Arizona

150

55+30 Ric 60 1 705 6.0 I~:l
Ric structure at junction with Powerline Floodway

lI-:"QO
55+30

634~~0 845~~0 earth

(lfuximum structure release rates 1033
634':~0 63l:+12 Ric Turnout structure vlith
n45~~0 lOI4~~0 earth 150 1 4633
1014~~0 F100dway enters Queen Creek channel

•

Roosevelt
Water
Conserva­
tion
District
Floodway

Vineyard
~ Road
N
I
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TLBLE L~ - fJ:1NUL\L COST

Total

197,3~0

January 1963

23,700

Operation and
Haintcnance Cost

Williams-Chandler Watershed, Arizona
(Do lIars)1/

t~ortizQtion of
Installazion Cost 2/

Evaluation
Unit

Flooduater
Retarding
Structures

o.nd
Flood\vays

1/ f@ortizcd at 2 7/0% for 50 -years.

1/ Price Base - 1962 prices

•

•

•



2,060

53,G60

26,730
18,500
7,270

52,500

50,930

156,680
41,120

256,560

290,250

Dt~~GE REDUCTION
BENEFIT

650

650

8,l~70

5,870
2,970

37,170
13, Ol~O

17,310

With Proiect

2,710

2,710

82,900

3'::,200
2l :.,:;70
10,2l ;.0

G9,OlO

X .. ,'C,.
.0....

193,050
5 l .,160

330,910

ESTIl1t.TED AVERi'tGE MUlut.L DlJ:.'It.GE

Hithout ProiectITEM

Subtotal

Subtotal

Subtotal

Crop and Pasture
Other Lgriculture
i.~on-i.gricultural

FLOODHl'.TER
Ct:.op and Pas ture
Other ~griculture

Non-Lgricultural (resi-
dential, retail-co~ner­

cin1., roads, etc.)

----_.-._---
SED!l."1EilT

-
EROSION

Flood Plain Scour

January 1963

(Dollars) 1/

-34-

Willinms-Chnndler Watershed, Arizona

TnBLE 5 - ESTI~UJED ~VER~GE L~n~UAL FLOOD Dt~~GE REDUCTION BENEFITS

Il~DIRECT . -'l:c.=.1.,i)50 lLO?..:::0~ -..:29, 9.;..6...0 _
'!-O'];!._'L --.:-::--__=-- --=-l~rl.:::.:.l.:...::.,l.:l~:8::..:0::.._ ----=1~O::.::3:'...1,L:~::..:O::..:O::.._ ..::3:::l.:...::.1:..l,t..::l~8::..:0::.._ _

Eenefits allocated to
structural measures in
Apache Junction-Gilbert
Hatershed 1./

TOTl.L l~ET Ii'LOOD PREVENTIOn

1/ Price ~ase - 19G2 prices
1./ Benefits accruing in the \Qllia:ms-Chandler flood plain but

attributable to structural neasures in Apache Junction­
Gilbert Watershed.

•
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TllBLE 6 - COHPA.~ISOl'1 OF BENE"'ITS Al'JD COSTS FOR STIlUCTUPJ.l.L NEASURES

Uilliams-Chandler vTatershed, f..rizona

1.6: 1.0

Benefit
Cost

Ratio

January 1963

191,300

lNerage
!lnnual

Cost

320,050205,050 2./

(Do lIars) 1/

________~L~iv~e~r=nge Lnnual Benefits
~lood Lg. Water

Prevention ~mnagement

Damage
Reduction Irrigation TotalEvaluetion Unit

-35-

Flooduater Retarding
Structures

and
Floodc'JaYs

1/ Price ~ase - 1962 prices

1/ In addition, it is estimcted tDat Land Treatment
Measures vnll provide flood d$~agc reduction
benefits of $5,200 annually.

•

•



deasures in fmnual 1,p..nua1
Construction Unit Bene-fits Costs

Vineyard Road and
r:.ittenhouse
Structures and• Corresponding
Floodt·mys 281,370 15?) 500

Roosevelt TJater
Conservation
District Flooduay [:-[:.,680 L/+, 300

•

•

T/illLE 7 - CONSTRUCTION mUTS

Williams-Chandler TJntershed, i~izona

(Dollars)11

11 Price base - 1902 prices

January 1%3

-36-



•

•

•

~JATERSHED \'lORK PLAn

Hilliams-Chandler Hatershed

INVESTIGATIONS AND fu~ALYSES



Basic Data

LAl\1J) USE AND TREATI1ElIIT

HYDROLOGTC I~~lESTTGATIONS

25 miles vJest
20 miles southeast
Hest boundary

4 miles south
25 miles east
15 n:iles south
10 miles north
20 miles east
Near north boundary
10 miles north
15 miles southeast
15 miles north
7 miles north of west

boundary
15 miles northeast

Location from Watershed

-37-

36

L~5

5
11
16
66
52
21
4·0
i3
16
48
63
63

Years of Record

nqvESTI~~TIONS &A~~LYSES

Mormon Flat

Weather Bureau precipitation data was recorded from the following daily
recording stations:

Due to the absence of ~~noff data, the ten years of Queen Creek runoff
records were used in computing the flood volumes for this watershed.

There are no stream gaging stations within the watershed, however,
there are ten years of runoff records available for the ~n1itlow Dam
site on Queen Creek, five miles southeast of the watershed. These
records on Queen Creek cover a period from 1949 through 1958, which
is the time the vfuit10w Dam project construction began.

Phoenix
Ashurst-Hayden
Chandler
Chandler-Heights
Pinal Ranch
Sacaton
Stewart Mountain
Superior
Superstition N~untain

Falcon Field
Florence
Granite Reef Dam
l1esa

Farm operators in cooperation with the ~~een Creek and East Maricopa
Soil Conservation Districts are at the present time carrying out a
substantial land treatment program under the present adverse conditions.
They have expressed, however, a desire to intensify this program in
line with the proposed flood control features.

Land treatment measures to be applied during the installation period of
the project were based on soil sUl~eys, technical guide data, needs,
and past accomplishments of the going program in and around the flood
plain area. Cost of technical assistance was based on average work
perfo~-mance time for each of the particular measures to be applied.
The cost of accelerated technical assistance to be borne by P.L. 566
funds was determined by subtracting the cost of the technical
assistance available within the watershed under the going programs from
the estimated total cost of technical assistance.

•

•
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Hourly recording stations located at Superstition Mountain and ~loenix

have ten years and 39 years of record, respectively.

Soil groupings and on-site range conditions were determined for various
areas on the watershed.

Flood Volume Determinations

A determir~tion was made of frequencies of the 24-hour, and monthly
point precipitation values for each of the stations. Frequencies of
the two-hour and siz-hour precipitation values were detel~ined from
the Phoenix and Superstition Mountain hourly recording stations.

Isohyets were dra~vn of six kno~m avents and an average ratio of area
to pOiYlt rainfall was computed for each stornl event. This average was
used to determine a curve for the area to point rainfall ratio which
was compared to figure 3.21-4 in the National Engineering Handbook,
Sec. 4, Supplement A (HyQrology Guide).

Design point rainfall values at various frequencies were computed using
the average rainfall of the lesa, Superstition rrountain, Granite Reef,
Florence, and Superior Stations as the areal rainfall and thence using
the curve for ratios of area to point rairlfall in computine the design
point rainfall values. These values were compared to Weather Bureau
technical papers #23 and #25 values, vn1ich agreed reasonably well.
These values were also compared to John H. Dorroh, Jr's. flSouthwest
Runoff Determinations" and to maximum knmvn point rainfall events in
Arizo~~ and compared favorably. For purposes of this study, because
of the noticeable difference in precipitation characteristics between
the Superstition Mountains and the irrigated area, the watershed was
divided into two zones. Different daily design rainfall values for
the two zones were determined.

A rainfall distribution curve was prepared showing the ratios to the
six-hour event of durations from zero to 24 hours. These CUl~es were
used in subsequent studies in volume duration as shmvn in Soil Conserva­
tion Service Technical Release #10, dated March 30, 1959. Volumes of
rJnoff were cO@puted using the methodology from Sees. 3.7 to 3.10 in
the Hydrology Guide.

Composite curve numbers for the Queen Creek drainage area above ~fuit1ow

Dam site were computed for eleven known runoff events. Areal rainfall
for these events was determined by correlating the Pinal Ranch weather
station data with the runoff data at vfuit10w Dam site. On the basis
of this computation, a 34 per cent transmission loss was determined for
volume computations. This value was less than that shmm in figure
3.19-1 of the Hydrology Guide and was used in this study•
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After making volume corrections for transmission losses up to the
2L~-hour duration, voluraes uere determined for durations from one day
to 90 days using George vlatt's determinations for Queen Creek outlined
in his paper entitled, "Development for Runoff Duration Curves". The
resultant volumes ~vere compared with the results of a similar study
made by the Central Technical Unit in Washington. Volumes determined
from George Watt's paper ~lere, therefore, used in preparing volume­
duration curves. Stora3e detention requirements ~vere computed on the
basis of methodology sholn1 in Technical Release #10. Comparisons. of
storage detention volumes vere made to those computed for Florence,
Hagma, and Frye Creek Hatersheds and compared favorably.

The 24-hour duration desi3n rainfall data was used in determining a
frequency-volume relationship to present areas flooded. Volumes llere
computed by procedures shotm iIi Sees. 3.7 to 3.10 of the Hydrology
Guide with appropriate allotmnces made for the transmission losses.
These volumes uere divided by the acres of flooded cultivated area to
obtain an average depth of floodLlg. These depths Here compared to
the 1954 and 1959 flood depths obtained by interviews and were found to
compare favorably.

Volumes for two reaches, one above the Roosevelt Water Conservation
District Canal and the other reach between the Roosevelt Hater Conserva­
tion District and Eastern Canals, were computed on a frequency basis,
taking into account the capacity of the e~dsting flooduay above the
Roosevelt Water Conservation District Canal to diver.t f100dtvater south
out of this uatershed. Llso taken into account Has the capacity of
county road ditches to cOEtain part of the flood floHs before flood
damages begin.

The volumes in the reach above the Roosevelt Ilater Conservation District
Canal uere computed as folloHs:

1. Seven cross-sections tJere taken of road ditches in the reach above
the Roosevelt Water Conservation District Canal and the capacities
in c.f.s. determined.

2. The capacities were averaged and a point rainfall computed using
the methodology in Sec. 3.lG of the Hydrology Guide.

3. The frequency uhere flood damages began in this reach was taken at
the frequency of this point rainfall.

4. Volumes for the reach ~lere determined by subtracting the volumes
generated at the frequency determined in the previous step from
the total volume generated for the reach.

Volumes for the reach beloH the Roosevelt f!ater Conservation District
Canal were computed as follo~vs:
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Hydrograph Development

1. Computation of a stage-discharge curve for each cross-section.

4. Twenty cross-sections ,rere taken of road ditches in this reach
between the Roosevelt Tlater Conservation District Canal and the
Eastern Canal and capacities in c.f.s. ~Jere determined.

the same
The

frequency.

Frequency of protection of road ditches was determined by
method as sho~·m in steps (2) and (3) for the first reach.
point uhere damages began in this reach uas taken at this

5.

Volumes of runoff for the emergency spill~Jay and freeboard hydrographs
were determined by the procedure sho,m in Sec. 3.21 of the Hydrology
Guide and by the criteria sho~m in Soil Conservation Service MemorandUm
#27, dated March 14, 1958.

6. Volumes for this reach were determined by subtracting the volumes
generated at the frequencies de~ermined in steps (3) and (5) for
road .ditches and the e~dsting- floodu.:lY hom the totul ·volumes
generated for both reaches, plus the volumes diverted into this
watershed from the Apache Junction-Gilbert Hatershed.

2. Various frequency events of point rainfall Here used in computing
a family of curves of frequencies of peak discharges along ~he

Roosevelt Hater Conservation District. flood~laY and these curves
Here then plotted on the graph prepared in step (1).

1. Cross-sections were taken of the existing Roosevelt Water Conserva­
tion District flood~Jay at 0.2 mile intervals and the capacities
in c.Ls. Here deternined at each cross-section and plotted on
eraph paper.

3. Frequency of protection of the existing Roosevelt IJater Conservation
District flooduay uas determined by notine ~Jhich frequency-discharge
curve came closest to representing the minimum capacity of the
flood'·lay.

Field surveys were made to determine 15 channel cross-sections and channel
slopes. Seven channel cross-sections were obtained of a Hash originating
in the Superstition rfuuntains in the head~Jaters of the proposed Vineyard
Road flooduater retardL1g structure. Eight channel cross-sections ~vere

taken of a uash originating in the Superstition Nountains above the
proposed Rittenhouse £lood"later retarding structure. Four of these
cross-sections uere taken o~ the alluvial fan uhere many poorly defined
channels exist. A IOOO-foot uide sample cross-section Has taken of
this area and applied to the enti~e Hidth of the fan area in order to
obtain a composite cross-section for the drainage &rea under consideration.
Times of concentration uere deterr.1ined by the follmJing steps:

•



HATER YIELD DETER1~mATIOlJ FOR AGRICULTUH.AL :JATER Mtu'\lAGEMErlT

SEDIHEl-lT ElVESTIGATIOHS

-41-

entitled "AVERAGE ANI'JUl'..L
This compared favorably
record at the rTnitloH

Average annual yield uas determined froD map
HATER YIELDS, ARIZ0l'1A' I published July 1951­
to the average annual yield for ten years of
Ranch gaging station on Queeil Creek.

After determining the times of concentration, the e~ergency spil1uay
and freeboard hydrographs uere developed by: (1) referring to figure
3.21-2 of the Hydrology Guide ror the point six-hour rainfall and
modifying this by the criteria in Soil Conservation Service Memorandum #27
to the class structure required, (2) this rainfall ~lCls modified by the
area-depth relationship curve labeled rDorro~1 in figure 3.21-4 of the
Hydrology Guide. The hydrographs ..·ere derived by the riiethod shmm in
Sec. 3.21-1 of the Hydrol08Y Guide; also using tables 3.21-15 to 3.21-71
and figures 3.21-7 to 3.21-8.

The principal spilluay hydrograph Has determined by computing the c.Ls.
inf1ml at one-hour" ir:tervals froI:l zero to 24: hours·; ...ut ono-day intervals
from one day to ten days, and ter.-day intervals from ten to 90 days.
The inflow was computed by converting the inches of runoff from zero
to 90 days to c.t.s. from the pr2viously computed volumes of flood~.,ater.

2. By successive trials, a time of concentration for each reach ~las

determined so that the velocity used in finding the time of con­
centration coincided ~}ith the velocity for the peak discharge on
the stage-discharge cu~ve.

3. For several reaches of channel, the times of concentration ~'lere

summated from reach to reach so that a total time of concentration
was arrived at for the point in question.

Sedimentation Surveys

Investigations included sedimentation surveys of five stocl~ ponds, three
of which are outside, Jut close to this watershed. The other tuo ponds

Amount of yield available for irrigation purposes at the Southern and
Roosevelt llater Conservation District Canals at various design dis­
charges uas determined by using a study of the \lfuit1ou Ranch gaging
station by the Central Technical Unit in Hashington in relation to
probability of volume-duration flous. The discharge at various fre­
quencies ~\Tas determined by using this study i!.l preparation of an inflow
hydrograph and routing this hydroeraph throu3h the floodwater retarding
structures involved. The subsequent yield available at these outflo~l

discharges v ~ computed by determinir.g the amount of yield that
exceeds these assunled various design dischar3es of the outflo~J structure.
The various design dischar:;es were related to per cent of y:'e1d available
for irrigation purposes.
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• are located in the central portion of the watershed. Stock ponds were
selected to rep~esent varied topographic and soil conditions. The
veGetative cover on the drainage area of these stock ponds is poor as
is the general condition for ti1e entire uatershed. Sedimentation rates
for these ponds ranged fron 0.04 to 0.32 acre-feet per square mile per
year.

The three ponds located outside of the uatershed are in terrain
characteristic of the Mountains Unit in the upper part of the watershed.
Sedimentation rates for these ponds ranged from 0.08 to 0.32 acre-feet
per square mile per year.

The other two stock ponds are located ~nthin the Valley Slopes Unit.
Sedimentation rates for these pouds ranged from O.O!'. to 0.05 acre-feet
per square mile per year.

Sediment Source Areas

Investigation sho~·1S that the najor source of sediment is from all areas
above the proposed dan sites. The principal soil loss is throegh
sheet erosion with 3u1ly erosioD being of minor importance. Other
sources of sediment are erosion of canal banlcs and farm and county
roads.

Sediment Storage Reauirements

Sediment storage requirements for the flood~7ater retarding structures
are based on stock pond surveys, study of sediment sources, and factors
that influence sediment yield. The most inportant factor is the
difference betHeen ~.,atershed size of the stocle ponds sampled and the
proposed structures. The larger t.,atershed affords a greater opportunity
for sediment deposition before it reaches the reservoir basin. This
deposition occurs in the channels and at the mouths of the discontinuous
drainageHays that are characteristic of the alluvial slopes above the
proposed reservoir basins. Based on these considerations, it is
estimated that sediment t'7ill accumulate at the rate of 0.07 acre-feet
per square mile per year in the Rittenhouse and Vineyard Road structures.
Sediment storage requirements for the 50-year period are estimated to
be 180 acre-feet for Rittenhouse and 200 acre-feet for Vineyard Road
structure.

GEOLOGIC INVESTIGATIOnS

Foundation and Borron

To evaluate the general feasibility of the tuo dam sites, a preliminary
investigation Has made to determine foundation conditions and nature of
available borro,., material. The investigation included analysis of test
pit and drill hole lOGS and surface studies of tJatershed slopes, channel
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Conclusions

FLOODHAY STfillILITY

banI,s, and rock Outcrops. Sbteen bo I es "ere dr i lled along t be cen t er­
line of tbe propDsed Rittenhouse flood"ater retarding structure to
depths of ten to 16 feet and Ie test pits "ere dug to depths of ten to
12 feet. Nineteen holes .re'e drilled alona the Centerline of the
propOsed Vineyard Road flood".ter retardins structure to depths of
17 to 25 feet and 13 test pits "ere dug to a depth of ten feet.

The investigation sho"s that both dam sites are underla'.n by some'mat
Compressible sands and silts a fev feet i11 thickness Over a more
compact silty sand or a hard siltstone. In some cases a compact sandji
gravel is present "hich becomes more prevalent tm,.rd the southern end
of the Rittenhouse floodtlate~ retarding structure.

The soils available for construction range from Silty sand (8M) to
sandy silt (ML). Poorly graded sand (8P) "as found in each of the
numerous washes and snall quantities of sandy clay (CL) and sandy gravel(GP) were also found.

The foundations of the d""s, in places, are not compe'ent to support
the loads to be imposed .ntho"" excessive settlement and the foundation
materials to depths of a fev feet will need to be remolded.

The dam sites are geDlogically feasible. Results of the investigation
sho" that geologic problems at the site can be Overcome "ith properdesign and construction.

Both structures "ill have emergency spill"ays cut into erosive sandysilt and Silty sand.

Ground,,.ter levels reported in the fe" wells in the vicinity of the
structures range fro", lOO to 255 feet deep. 110 ground"ater "as en­
countered during the investigation and at these depths .nll not be aproblem.

Barra" materials are available "ithin the reservoir arem in sufficient
quantities for construction of the proposed dams.

l~ditional geologic investigations must be made prior to the preparation
of final structural design. These investiGations will include in-place
testing of foundations and additional borings to adequately outline
the borrow areas and correlate foundation materials. Undisturbed
samples of materials .nll be tested to provide information for designcriteria.

A soils study of floodways from the proposed dams and the flood.,.y behind
the Roosevelt Water Conservation District Canal shows that stability



problems ",ill exist. Hinetcen backhoe pits uere dug alon2 the centerlin~

of the Roosevelt l'later Conservation District £looduay. The investiga­
tion of the Rittenhouse £looduay nas ~y exanination of channel banlcs
and surface indications.

Soils in the Vineyard Road £100duay vary from loose sandy silts to
compact sandy clay. The average fall is O.OOG ft/ft. llith this grade
and type of soil it uas determined that erosive velocities \'lould exist.

Soils in the Rittenhouse flood'vay ,rere moderately compact sandy silt
and sandy clay Hith an avera3e grade of O.OOG ft/ft. Because of the
steep grade and the type of soil it uas determined that erosive
velocities would exist.

The use of vegetative cover to control erosion in the Vineyard Road
and Rittenhouse flood,mys would be ineffective. Vegetation could not
be established and maintained due to insufficient amounts of ,mter
'Jhen the floodway is not in use. Even with good cover conditions in
the flooduays erosive velocities "lould still exist. Stabilization of
the flood",ays by structural means uould allon the flood f10",s to
meander in the channels and cause erosion of the floodtJay banks. This
would require protection of the side slopes of the floodways by riprap
or some other means and also require a considerable amount of maintenance.
After considerine the alternatives it 'Jas determined that the Vineyard
Road floodt-my and the Rittenhouse flood",ay should be lined.

Soils in the Roosevelt Hater Conservation District £100dl1ay range frora
loose silty sand to cOr.1pact sandy clay. The average fall is 0.0005
ft/ft.

Although the flood peak velocities will be moderately high they tnll
be of such short duration that reshaping and compaction of the flood,my
banks combined uith a ve3etative cover supported by supplemental
irrigation froUl the adjacent canal uill be sufficient and the flooduay
tnll remain unlined.

El1GIl1EERIHG IHVESTIGATIOHS

Most of the watershed area is covered by 7~-ninute United States
Geological Survey maps ,-nth contour intervals of ten to 20 feet. These
maps ,Jere most helpful during the plannine of the ",atershed. Stage
hight-lay planning maps of the area uere obtained and used.

Surveys

Topographic maps were prepared uith four-foot contour intervals and
horizontal scale of one-inch = 400 feet of the flood'Jater retarding



structure sites and reservoir areas. Centerline profiles ~vere surveyed
for each structure a~d used as a ~asis for computing volumes of embanl~ent.

Centerline prof:i.les and cross-sections \Jere surveyed on the flooduays
and used as a basis for design.

Desi:,;n Criteria

The floodwater retarding structures were designed to contain the one
per cent event. Additional capacity Has provided to contain a 50-year
accumulation of sediment. The princ;_pal spilhvays uere designed to
release the flood volume of the one per cent storm, flood-routed through
the structures in series, uithout use of the emer~ency spillways.

Principal Spillways--ungated reinforced concrete conduits through the
dams with inlet and outlet structures TIJill release the ifilpounded
flooduaters from the dams into the flooduay channels in about ten days.

Emergency Spilluays--desi2;n is in accordance \lith Soil Conservation Service
standards for £lood~mter retardir-g structures in moderately hazardous
situations. The widths of the emergency spilil/ays were determined by
routing the design storm h]drographs throu~h the spillways at a safe
velocity. Depths of freeooard were deter~ined by routing the design
hydrographs through the emergency spillways without overtoppine the dams.
(See Table 3)

Earth Embankment--preliminary enbanbnent design Has based on a study
of foundation and fill uaterials. The nature and characteristics of
these materials ~lere deteruined by preliminary subsurface investigations
and laboratory test results of soil samples tal~en of the dam sites.
Final design ~rill be based on the results of detailed subsurface
investigations to be accomplished durinz early construction planning.

Floodllays--these are designcd to carry the Llaximum outflous from the
principal spillllays of the Rittenhouse and Vineynrd Road flood'"later
retarding structures and uill be lined ,lith reinforced concrete
throughout their lengths.

The flooduay above the Roosevclt Hater Conservation District's Canal
will be desiGned for the capacity of a one per cent event on the un­
controlled area belo~7 the flood'later retardil:8 structures plus the
maximum release rate fror.1 the structurcs. This design criteria llas
selected after analysis or the raLio of incremental benefits over
increnental costs. This flood~laY Hill be enlarged, constructed on a
uniform grade, and the do~mstreaw levee reshaped to a three-horizontal
to one-vertical side slope and faced llith a corJ.pacted lining of selected
borroH material, and sprigged to Coastal bermuda grass. Irrigation ~later

to establish and maintain this grass is available from the adjacent
irrigation canal.

-45-



•

Alternate Studies

The disposal of floodwaters from the Rittenhouse and Vineyard Road
floodwater ret2rding structures, as well as the floodwater from the
Powerline floodwater retarding structure in the Apache Junction-Gilbert
Watershed, was considered as a part of a flood control system to
discharge water into Queen Creek.

Consideration was given to designing the floodwater retarding structures
with a 30-day average release rate. This would increase the height of
the dams to provide for additional storage and thus reduce the size of
the floodways. A comparison of costs showed that embankment costs
increased more than the floodway costs were reduced; consequently, this
alternate plan was eliminated from further consideration.

Queen Creek, which forms the south boundary of Wiliialus-Chandier
Watershed, is a sandy wash on the high part of the alluvial fan. Much
of the channel is a man-made channel and conveys infrequent flood flows.
This channel is not considered suitable from a stability standpoint to
be used as an outlet for relatively clear water without extensive
stabilization measures. n1e co~t of stabilizing the Queen Creek channel
with rock riprap and bOttonl stabilizers was more than the cost of the
floodway that is now included in the project and was given no further
consideration.

A study was made of a plan for the safe disposal of floodwater by
artificial groundwater recharge utilizing open pits dug into the under­
lying gravel aquifer in sections 20 and 21 near Queen Creek. Water
from the floodwater retarding structures would be conveyed in an earth
channel and distributed by reinforced concrete drop structures and
control pipes into a system of eight open pits. The maximum release
rate from the structures was used for a design inflow into the recharge
system. The total cost of this artificial groundwater recharge system
exceeded the cost of the Powerline floodway and, therefore, is not
included in this plan.

Cost Estimates

COS$ are estimated on quantities of each item involved and unit costs
are based on prevailing construction costs in the area. Some of the
factors considered in estimating quantities and costs are outlined
below.

Clearing and grubbing--the dam site, borrow and emergency spillway area
will be cleared of scattered desert trees and shrubs. A unit price per
acre was used to detenrlne the total clearing and grubbing costs.

Foundation preparation--most of the vegetation is shallow rooted and
very little or no organic matter is present in the soil. Volume of
excavation for foundation preparation gave consideration to reworking
foundation materials as needed and this cost is included •
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Earth embankrnent--fill materials are available upstream from the proposed
structures and can be acquired along the entire length of the dam.
No overhaul costs 't~ere conside:::,ed. VO!.ume of embankment "las computed
by the average end area method, based on centerline height of the dam.
Five per cent of the volume Has included to alloH for settlement of
the dam and foundation.

Concrete--all concrete placed in risers, principal spill,Jays, floodtJays
and stilling basins Hill be steel reinforced and Hill require forming.
Unit cost based on volume of concrete was used to determine the total
cost of concrete structures. The cost of reinforcing steel, forming
and placing of concrete 'i'las included in the unit price.

Irrigation features--the costs associated tlith irrigation water manage­
ment are those costs required for the reinforced concrete turnout
structure and gates needed to properly manage and utilize floodt'later
for irrigation purposes.

Land, easements, and rights-of-way--present land values tlere used for
computing rights-of-troy costs. Cost esti~ates for the relocat~on of
utilities, road and bridge construction are included in this item.

Operation and maintenance--cosmof operating and maintaining the
structural measures, as proposed in this plan, are based on California
Watershed Memo #6, dated August 15, 1958, and adjusted to meet local
conditions.

ECONOrITC INVESTIGATIO~S

Basic data relative to the evaluation of floodt'later and sediment damages
and potential benefits fron ~rorks of improvement was obtained from land
owners, egricultural technicians, and research bulletins published by
the various Federal and State agencies. This information tiaS supplemented
wi th his torical data pertaining to flood dar~ages and the frequency of
such damages from neHspapers and other local sources. Long-term pro­
jected prices developed by the Agricultural Research Service and Agri­
cultural Marketing Service Here used in estimating monetary benefits.

Flooduater and sediment dnmages to the agricultural economy of the
't'Tatershed ~'Jere obtained through intervieus 'lith farmers, agricultural
technicians and other local sources. The basis for establishing the
magnitude of flood effects on this a~ricultural economy tvas a storm
~mich occurred August 18 and 19, 1954. This storm was of a large
magnitude and most vivid in the memory of farmers in the area. Damage
evaluation through use of the historical gethod ~TaS deemed unfeasible.
Sampling procedures Here used and consisted of approximately a 50 per
cent sample of the total cultivated acreage d~aged by this 1954 flood.
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Czop and pasture cost and return estimates for each of the crops gro~~

were derived with the assistance of local farmers and other agricultural
technicians. The reliability of these estimates was checked through
the use of existing data 2S published for the various crops. Damageable
values were deterlliined for each crop on a monthly basis from the data
collected in the field. A composite weighted monthly damageable value
for all crops concerned was detern1ined and further refined to represent
a composite weighted damage per acre for any given year by the use of
a monthly frequency analysis. Loss of yields) increased production
costs, excessive maintenance, loss to real farm property and livestock-­
all of these factors were considered in developing a per acre damage to
agriculture for any given flood. Total daruages to agricultural lands
for various storm events were calculated and subsequently used in
evaluating damages on an average annual basis.

Appraisal of average annual damages to agriculture with and without
proposed project improvements was made on the basis of a volume-damage
relationship. Since the existing Roosevelt Water Conservation District
Canal provides a certain degree of protection to irrigated lands west
of the canal, the flood plain area was appraised on the basis of two
separate evaluation units. Evaluation reach #1 covers land east of
the Roosevelt Water Conservation District Canal and evaluation reach #2
represents the flood plain land west of the Roosevelt Water Conservation
Distxict Cel.na!. Per cent-chance-volume relationships uere derived
along with volume-acres inundated to provide a basis for establishing
the trend of the frequency-damage curves for the two evaluation units.
Effects of proposed works of improvement were analyzed in like-manner
as were the various alternate approaches.

Acres of cultivated land inundated by the 1954 flood were classified as
to the source of the floodwaters. Since flood flovlS from Queen Creek
have historically flooded acres below the Superstition Mountain drainage
prior to the installation of the rnlitlow Dam on Queen Creek in 1960,
hydrologic studies supplemented with field investigations were made to
clarify the acres of cultivated land in the watershed damaged by run­
off frOID the Superstition Mountain area. Only that acreage as
determined susceptible to flooding from the Superstition drainage was
used in the prograw evaluation.

The following table shows the relationship between cultivated acres
inundated and flood volumes for various size storm events for the two
evaluation reaches. The data represents flood plain conditions as it
exists at the present time. The table also indicates the ratio of
acres inundated to total cultivated land in the watershed.

-48-



• Per JleachJl " 1 "2 Totals Per Cent
,

l\.epc 1 -}
l.~C ~

Cent Volume Acres Volume Acres Volune heres Inundated to

Chance f,c .Ft. Inundated L.c.:..Ft~ • Inundated Lc.Ft. Inundated Total Acres

1 15441 4529 10MO 15798 2~OCl 20327 36

6 9000 4{~93 3400 11579 l2l~OO 16072 28

10 7511 4i~56 1"')- 73'07 9337 1l8l~3 21
u ..0

20 5036 3357 0 0 5030 3357 6

50 1756, 11G9 0 0 175Lt- 1169 2

80 261 l7L~ 0 0 2G1 174 1./

1/ Less than one per cel1t.

•

DamaGe evaluation to residential, retail-commercial stores, roads, high,mys
and the main irrigation canals 'Was made using the August 13 and 19, 1951~
storm as a basis. Damages to roads, hiShw~ys and the three main irrigation
canals 'Jere estimated after collecting damazes and other pertinent flood
information from the a~encies involved with naintenance of such features.
Since the majority of the dama:.;e to the eJdstin;j residential property of
the Hatershed uas to farmsteads and included in the agricultural field
survey, no additional residential damage surveys ,Jere conducted for the
relatively few remaining homes.

Residential grouth Hithin the uatershed area, particularly in the desert
area east of Hi11iams Air Force Base, ,·;rill be a:factor in determining the
full beneficial effect of the progr8.l-n. Lar~e areas uithin this desert
area have been purchased amI are nOH in the process of being subdivicied
for future development.

The basis of estimating potential flood damases ~o this area Has determined
after basic informatior~ pertainin~ to the p"i'oblem Has gathered from
investors, realtors and other local sources. Only those areas in the
hands of private interests for subdivision purposes ,]ere used as a basis
of the d8.l~a8e estimate. The number of potential ho~es to be built ,nthin
a tuenty-five year period uas estiraated. Values of these homes \-Jere
calculated using avera~e values per unit as de~ived from studies in
similar areas. Damages Here based on a per cent of marlcet value as
determined in previous flood studies and compared ,Jith data contained in
Stanford Research Institute's Bulletin, lOA Study of Procedure in
Estimating Flood Da~mage to Residential, ComrJercial and Industrial
Properties in Californi~l.

Average annual damages to future developed property uere based on the
per cent of average annual damages to total damage as calculated for
similar type areas.

A study of Hhat potential road damages might be as the miles of roads
increase to accommodate the gro,~h of the area was made by selecting an

./



•

•

area which at the present is developed to the extent estimated for the
future. The miles of roads within this area were determined and calcu­
lated on the basis o[ the number of properties per mile. Dan~ge was
calculated for present conditions on a per mile basis and applied to
the estinated future road mileage to oLtain potential road damage.
Road damages were included with the residential damages for analysis on
an average annual basis.

Indirect damages to agricultural and non-agricultural properties were
estimated along with direct flood losses in the field and estimated to
be ten to 15 per cent of direct. This relationship between indirect
and direct losses was checked with information contained in Stanford
Research Institute's Bulletin.

AGRICULTURAL HATER 1'1A.NAGp1E~

The following information was derived in determining the magnitude of
agricultural water management benefits:

1. Relationship between per cent chance of occur~ence against peak
routed outflow of the structures involved.

2. Relationship between these peak routed outflows and per cent volume
of the am1ual equivalent yield of water available for irrigation
purposes.

3. TI1e value of an acre-foot of water calculated on the basis of
composite weighted value.

4. Total annual equivalent water yield as calculated for the area
controllec1.

This information yielded sufficient data to construct a benefit
frequency curve. Area under the curve was planiroetered for the various
per cent chances and outflows to derive the average annual benefits
attainable in relation to the amount of water WJich can be diverted
into the Roosevelt Water Conse~~ation District Canal. The capacity of
the Roosevelt vmter Consel~ation District Canal at the point where
floodwaters will be diverted into the canal is 250 c.f.s. Draw down of
existing waters in the canal can be made in such time that practically
the full capacity of the canal can be made available for floodwaters.

FISH AND UILDLIFE 11

liThe diversion of Hater from the vlatershed will produce only minor
habitat changes to the resident wildlife in the area. Since floodwaters
will not be impounded and will be completely diverted shortly after run­
off, free water utilization by wildlife cannot be considered a

11 Excerpt from the statement on the fish and wildlife of the project
area, prepared by the Arizona Game and Fish Department, May 16, 1962 •

-50-



•

•

beneficial change. It is true that the added moisture received by
these periodic floodin3s behind the flood control stl~ctures will
stimulate weed production and provide additional feed and cover for
upland and other snlall game. This added moisture, over an extended
period of time, may influence the growth of salt cedars, paloverde,
mesquite and other perennial growth. This growth would eventually
become beneficial to all game. However, the floode areas adjacent to
the flood control structures are too swell to be of any significance to
a large vnldlife habitat area.

'~n additional factor which makes habitat iillprovement unjustifiable, is
the encroachment of Arizona's exploding population on the watershed
area~ The proposed flood control structures will further enhance all
lands which were previously subject to flash flood inundation. This
added protection from the flood control dans will further increase the
population encroachment in these protected areas. Encouraging game to
enter or remain in these areas will only lead to a serious depredation
problem in the ilnmediate future.

I~e feel that the t~~orary benefits that the wildlife will receive from
the flood control structu~es are desirable but that any long-range plans
for developing wildlife habitat in the rapidly growing population area
would not be wise. Therefore, we feel that the improvement of wildlife
habitat in this watershed area cannot be justifiedu

•
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