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I GILA RIVER - QUEEN CREEK BASIN

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

study designation rather than a cohesive watershed. In general, it is part
of the Gila River Basin and contains areas with more or less common flood
problems, an exception belng the area between Roosevelt Dam and Granite Reef
Dam on the south bank which is part of the 5alt River Basin. The basin is
further broken down into study areas for the purpose of this report. Al-
though these study areas are subject to the flood problems of the whole,
they have distincitve individual characteristics and have internal flood

proklems for which solutions must be sought.

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

of Maricopa County between the Salt River and the Gila River. It includes
areas in Pinal and Gila Counties which contribute to the flood problems of
the areas in Maricopa County. The boundary of the basin begins at' Roosevelt
Dam and follows the Salt River down to Granite Reef Dam, then it angles off
to the southwest, passing through Mesa and along the divide of the Salt River
Mountains.to theidila River. From this point it follows the Gila River south-
east to approximately Gila Butte and then easterly to intercept Hunt Highway
at a point due south of Higley. From here the boundary follows the south
divide of the Queen Creek watershed westerly to Whitlow Dam; thence north-
easterly around the watershed divide of Whitlow Canyon to the Maricopa County
- Pinal County Line. It folloWws this line north and then east to the Gila
County line; thence northeast along the Maricopa County - Gila County line
back to'Roosevelt Dam. The location and extent of the basin and the break-
down into study areas is shown on Plate No. 1, Basin Index Map, in Appendix

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

Creek Wash. Numerous washes head in the Superstition and Goldfield Mountains
but disappear in the large desert area on the east slope of the basin. The
flood flows from these washes eventually join Queen Creek in the lower reaches
due to diversion effected by the embankment of the R.W.C.D.'Maih Canal, ...

an irrigation canal which is part of the Roosevelt Cohservation District Irri-
gation System. In the mountainous area above Granite Reef Dam which is part
of the Salt River watershed there are several creeks which are of principal
interest as sources of runoff for the existing Mormon Flat Reservoir and the
Granite Reef Reservoir.

(1) Queen Creek Wash heads in thé mountains above Whitlow Reser-
voir draining 143 square miles.. Immediately below the dam, the stream is
joined by LO square miles of drainage from Whitlow Canyon. Queen Creek then
traverses a long narrow stretch of desert area to the vicinity of Chandler
Heights where it is joined by drainage diverted by the embankment of the
Roosevelt Water Conservation District Main Canal and the drainage of the
Sentan and Goldfield Mountains area. At the point where Queen Creek Wash
leaves Maricopa County, the total drainage area is Tll square miles, includ-
ing 322 square miles partially diverted into Queen Creek by the Roosevelt
Canal embankment. |

c. Topography. The basin topography is comprised of mountains, desert
lands and irrigated valley lands. The mountains are concentrated in the
eastern portion of the basin with mimor mountains located on the west side
of the valley and at the south extremity. The mountains are rugged and
precipitous, rising to nearly 5000 feet elevation. Between the valley and
the mountains lie the desert lands which have. a general slope of about 30
feet per mile. The elevation rises from about 1300 feet at the lower,porﬁion
to approximately 2000 feet at the foothills of the pwrincipal mountains.
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The irrigated valley land slopes to the southwest at 3 to 4 feet per mile.
In this area are found the population centers of the basin: Mesa, Chandler,
Gilbert and smaller communities.

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

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

The soils in the higher mountainous zones are residual but those in lower
foothills and adjacent desert lands are alluvial though shallow and poorly
developed. The desert lands further down toward the valley are deeper and
better developed and underlain by a previous strata, The soils of the valley
are deep and well developed, highly pervious and ﬁnderlain by extensive
ground water acquifiers.

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

mountaineous portions of the basin are well defined. All are intermittent,
responding to even small amounts of rainfall. Leaving the mountains and en-
tering the desert areas, they become increasingly less defined. The smaller
washes disappear entirely after a short distance. The washes through the
desert have shallow, gravelly beds where the fine material has washed away.
Further down in the valley and in the Gila River flood plain, the washes

are choked with debris and shift their courses frequently except where they
have been confiﬁed and channeled by man.

f. Vegetation. There is no appreciable effect by vegetation on re-
tardation of runoff in the basin, except in the irrigated valley where crops
may increasé slightly the infiltration rate. Desert shrubs are the domina-
ting plant life in the non-irrigated portions. A few stunted trees are scattered
among the shrubs consisting of juniper, paloverde, mesquite, ironwood and
salt cedar. Conditions along the larger washes favor the growth of oaks, mes-
quites, cottonwoods and willows. Perennial grasses form a negligible part
of the vegetation present, but good tovers of annual grasses occur after winter
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rains. The winter floods normally occur before the annual grasses are
up, and summer floods occur after this cover has disappeared.

g. Maps. The basin is well mapped. Two U.S.G.S. maps of a 1;250,000
scale have been published which cover the basin. These maps are entitled
Phoenix and Mesa. They have an index code deéignation of Ni 12-7 and N1
12-8, respectively. The contour interval is 200 feet supplemented by con-
tours at 100 foot intervals. The incremental areas of the basin are mapped
by U.S.G.S. quadrangle sheets of a 1:24,000 scale. The contour interval is
10 feect except for the Goldfield, Arizona Quadrangle which has a contour
interval of 20 feet. These maps are from recent surveys and are adequate
for the purpose of this report. The basin is also covered by U.S.G.S. qua-
drangle sheets of 1:125,000 scale and 1:62,500 scale, having a contour in-
terval of 100 fleet and 50 feet, respectively. These mapé, however, are
from older surveys.

1-2 SCOPE OF STUDIES:

a. The flood problems investigated were confined to those in- Maricopa
County but flood control measures located outside of the county were studied
where these measures were required to provide protection within the county.
Field investigations of thé study area included surveys of existing drein-
age structures and channels, stream profiles and damsites. Economic appraisal
was made of land and structures in the flood problem areas.

b. The area was inspected by the Eng:neer and the problems and proposed
solutions discussed with representatives of the Maricopa County Flood Con-
trol District.

c. The investigation was coordinated with the Soil Conservation Service
with particular emphasis on the relation between the portion of the basin
being studied by that agency and the remaining study areas under investigation.
The investigation was also coordinated with the plans &nd interests of the
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Salt River Water User Association with respect to their irrigation system.
The desires and flood problems of other locel interests were considered in
the formulation of the proposed program of flood control measures.

1-3. ECONOMIC DEVELOPMENT:

a. ngulation. Based on the 1960 census, Maricopa County has a popu-
lation of 654,000, of which approximately 100,000 reside within the basin.
The population of Maricopa County is increasing rapidly and prpjections
indicate that it will reach 1,440,000 in the next 20 years. Similar growth
can be expected within the basin. The principal cities and towns of the
basin, Mesa, Chandler and Gilbert, have populations of.33,772, 9,531 and
1,700 respectively. The population of Mesa is expected to be 130,000 by
1980, Chandler, 20,200, and Gilbert, 3,500. These projections are from
reports prepared by the Maricope County Planning and Zoning Commission.
Urban complexes are developing along the highways in the vicinity of Mesa.
This is the pattern which will evolve in other areas as the road building
program, now underway, progresses. In the south end of the valley, more
intensive land use is taking place in the form of small fruit ranches and
acreages. This development is following the pattern set by Chandler Heights.
The ultimate urbanization of the entire valley can be expected.

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

the past has been agriculture, agriculture-oriented industry and businesses.
In Mesa and vicinity, non-agricultural employment now predominates with the
greatest increase in employment in the past decade occurring in manufacturing.
Many of the residents of this area are employed. in the Phoenix area. The
smaller population centers remain essentially agriculturai communities. The
increasing trend toward non-agricultural employment can be expected to con-
tinue and agricultural employment to remain steady or decline.

c. Agriculture. The agriculture of the baain fs based on irrigation
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and is therefore highly developed. The principal crop ié cotton with im-
portant acreages of barley, alfalfa and wheat. Citrus fruit growing is im-
portant in the area northeast of Mesa and in Chandler Heights at the south
side of the basin. The irrigation development consists of 4 projects: the
Salt River Project, Roosevelt Congervation District, Queen Creek Irrigation
District and the Chandler Heights Citrus Irrigation District. The Salt River
Project irrigation system within the basin supplies water for the land lying
between Highline Canal on the west, the Eastern Canal on the east, from the
divide running through Mesa to Germanﬁ Road. Below Germann Road to the
county line, the Consolidated Canal is the east boundary and & smaller area
is supplied from this canal extending out irrégularly to the west as far as
Price Road. The Roosevelt Conservation District Irrigation Project lies ad-
jacent to the Salt River Project with the R.W:C;D.'Maih'canaliforming the
eastern boundary, and the basin divide the northern boundary, and Germann
Road- the southern boundary. The Queen Creek Irrigation Distirict is comprised
of lands adjacent to Queen Creek above the Consolidated and Eastern Cenals.
The Chandler Heights Citrus Irrigation District lies upslope of the Queen
Creek Irrigation District in the vicinity of Chandler Heights. Both of these
last two projects are supplied by water from wells.

d. Trensportetion. The basin 1s served by air and rail facilitles and

by a network of Federal, State and County highways. The Phoenix Skyharbor
Airport, located outside the basin, is the principal air transportation fac-
ility serving the area. The mainline of the Squthern Pacific R@ilroad runs
through Chendler end Mesa. Three branch lines serve the other areas of the
Basin. In sddition to the existing highways, construction will begin soon

on an.interstate highway connecting Phoenix with Tucson which will pass through
the basin along the west side of the irrigated area. This hiéhway will open

new areas of the basin to urban development.
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e. Mning. In the mountainpus areas of the basin there is some mining
gctivity. Mining is not an economic factor in the portion of the basin to be
protected by flood cqntrol measures.

1-4. CLIMATOLOGY: The Gila River - Queen Creek basin lies in an arid to
semi-arid region, typically desert in character.” The winters are short and
mild; the summers long and hot. The mean ennusal rainfall ranges from about
8 inches in the valley in the vicinity of Mesa and Chandler to better than
22 inches in the mountainous area of the northedstern extremity. Weather
Bureau precipitation and temperature stations in and adjacent to the basin
are shown on Plate No. 2, Appendix I-A.
a. Storms. There are three types of storms that occur in this area:
(1) General winter storms of low intensity covering wide areas
and of several days duration.
(2) General summer storms that result from convergence, Oro-
grapﬁic uplift, or frontal Lift.
(3) Local thunderstorms including isolated sporatic showers
and cloudbursts that are brought about by insolational
heating of tropical maritime air invading the region from
the Gulf of Mexico or the Gulf of California and South
Pacific.

b. Rainfall. The mean annual rainfall for the basin based on U.S.
Weather Bureau stations is 8.10 inches. The maximum annual rainfall during
the pest 30 years occurred in 1941. The annual rainfall is approximately
equally distrilmted between winter and summer.

c. Snowfall. The average annual snowfall distributed throughout
the months of December through March, inclusive, for the Gila River - Queen
Creek Basin is less than 1.0 inch.. .Snowfall has never been a contributing

factor to major floods in the bhasin.



d. Temperature. The normal annual temperature for the basin is 69.8
degrees fahrenheit. The highest recorded temperature during the past 40 years
rear-the. basin was 121 degrees at Granite Reef Dam, and the lowest temperature
was 13 degrees at Granite Reef Dam.

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

Creek Wash, has runoff and stream-flow records available of limited periods
in the vicinity of existing Whitlow Reservoir. The flows from the other
areas of the basin are of such nature that rainfall-runoff relations must be
relied on for th@ data for flood peaks and volumes with consideration given
éo the storage induced by man-mede barriers.and restrictions.

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

Whitlow damsite is from 1896-97; 1916-20 and 1948 to date. The maximum

peak discharge during this period was 42,900 c.f.s. on 19 August 1954. Queen
Creek was also gaged near Florence Junction from 1939 to 1941. The maximum
discharge here during this interval was 13,200 c.f.s. on 7 August 1939.

b. Run-off Characteristics. The runoff of the basin can be divided

into three types; characteristic of the following sources:

(1) Runoff from mountain areas is great and concentrates quickly,
producing flash floods of sharp peak discharge. The floods
are modified considerably as they pass through the desert areas,
having relatively gentle slopes, and are further modified in
the valley areas below. Much of the volume of the smaller
floods is infiltrated in the desert and valley areas.

(2) Runoff from desert areas approach a sheet-flow condition
being carried by numeroﬁs washes. The desert areas are
essentially bare and tend to "slick-over" except in the
washes where the finer material has epoded away leaving a

gravelly bed.



Infiltration is relatively small except for the gravelly
beds of the washes. Intercepting of this runoff by dike
and channel sections such as that on the upside of the
R.W.C.D. Mail Canal, considerably modifies the peak
runoff.

(3) In irrigated areas the infiltration rate and capacity
is very great. Only vhe larger storms produce
runoff. What runoff occurs during smaller storms is due
to that from roads, compacted scil and roofs.

1-6. FLOODS OF RECORD: The basin has experienced a number of floods which

have caused major damage in the valley. Floods occurred in 1926, 1930, 1933,
1936, 1941, 1946, 1954, 195Q9. Floods of major proportions occurred in 1941, 19L6,
195k, 1959. The flood of 1954 is the largest flood of record and is important
in that the storm that produced this flood has been used in developing the
standard project flood.

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

1954, rain caused flooding beginning east of Mesa and spreading down through
the highly developed valley land. Runoff from the Superstition, Géldfield
and Usery Mountains and part of the Queen Creek watershed contributed to
this floodihg, The observer at Boyce Thompson Arboretum reported a total
of 5.3 inches of rainfall with an intense period of three hours. Florence
Junction reported i—hour and 6-hour periods of 1.8 and 4.2 inches, respect-'
ively. Tre Corps of Engineers have estimated a peak discharge of 42,900
c.f.s. and a volume of 5,300 acre-feet at the Whitlow Reservoir site. The
peak discharge was probably considerably reduced from this in the lower
portion of the basin in passing through the desert areas and due to storage
induced by man-made restrictions and barriers. However, the total volume
is estimated to be about 15,000 acre feet. The isohyet of the 19 August
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195k stovw 1s ehown-on Plate No. 3, Appendix I-A, which was reproduced by
permission of the Los Angeles District Corps of Engineers, from the "Isohyet"
shown in the Design Memorandum No. 1, Hydrology for Whitlow Ranch Reservoir,
Queen Creek, Arizona -~ Gila River Basin, Arizona and New Mexico.

1~7. STANDARD PROJECT FLOOD: The standard project flood is the flood that may

be expected from the most severe combination of meteorological conditions
considered reasonably characteristic of the geographical region involved in-
cluding extremely rare conditions. This flooa represents a standard by which
the degree of protection selected for a project can be compared with protection

provided at similar projects in other localities.

a. Standard Project Flood‘Development. The Corps of Engineers in the
design of the Whitlow Reservoir, on upper Queeﬁ Creek, developed a standard
project flood epplicable.to that watershed. The 19 August 1954 storm was
centered over the watershed and appropriate infiltration losses applied to
obtain the resultant effective rainfall quantities. A 3 hour preceding rain
was assumed which accounted for initial losses. The standard project flood
hydrograph was derived by applying the effective rainfall to a unit-hydro-
grapn based on the basin's characteristics and drainage area. With per-
mission of the Los Angeles District Corps of Engineers, the Hydrologic
Map showing lines of equal mean-seasonal precipitation in inches; the isohyets,
showing total precipitation of 19 August 1954 storm; and the lag relation-
ships curve, taken from the "Design Memorandum No. 1, Hydrology for Whitlow
Ranch Reservoir, Queen Creek, Arizona, Gila River Basin, Arizona and New

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

Mexico,'
Appendix I-A. This storm and procedure, with certain adjustments, were

adopted for the development of standard preject floods for the study areas
# the basin for which flood control measures are indicated. The rainfall

was reduced by 25% to account for the smaller orographic enfluence present
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in the lower portions of the basin as compared to that in the mountains above
Whitlow Dam. The modifying effect of man-made restrictions and barriers on
the peak flows of the respective standard project floods was taken into
account by inflow-storage-discharge relations. The lag and basin character-
istics of the study areas are shown in Table No. 1, Appendix I-A. The Standard
project flood hydrographs for each study area is shown as Plate No. 7 through
Plate No. 12 in Appendix I-A. Pertinent information on standard project
floods for the study areas are shown in the following tabulations:

TABLE NO. 1

STANDARD PROJECT FLOODS - GILA RIVER
QUEEN CREEK BASIN

Standard Project Flood

Study Area No. Drainage Area Peak Inflow Modified Peak Volume
(sq. miles) {c.f.8.) (c.f.s.) (ac.-ft.)
1 3k 32,200 16,800 5,080
2 110 24, 500 9,700 7,930
3 98 14, 400 15,600 7,050
} 123 60,700 28, 200 15, 400
5% 184 58,700 22,800 | 19,200
6 30 24, 000 7,600 4, 480

# Includes drainage area of Study Area #4.

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

to & particular project is based on the degree of protection warranted by the
type and character of the flood damages to be prevented or the area to be
protected. The study areas of the basin contain both areas of intenslve
agricultural development and urban development. A different degree of pro-
tection is warranted in each case. Conseqguently, an individual project may
require the development of one or more azparate design floods of different
frequency of occurrence. The considerations which enfluence the devélopment

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

(2)

urban area are customarily designed on & relatively low fre-
quency the actual degree of protection afforded is usually
quite great due to the relative elevation of improvements to
street elevation and the etfect of resultant surface storage
present. Flood waters are thereby prevented from reaching dam-
aglng elevations. But; when the runoff from large built-over
areas concentrate, the effect of surface storage is relative-
ly small and protection is reduced. Therefore, outfalls serv-
ing urban areas must be designed to provide a high degree of
protection. In general, floods of standard project flood
proportions should be reduced to a depth that will not ceuse
loss of life or extensive property damage. The critical el-
evation in urben areas is usually at or near floor levels
above this, damage mounts rapidly. Similar protection from
runoff of external sources is required.

In agricultural areas the major portion of the average annual
crop damages sustained are made up an accumulation of dam-

age from frequent floods. The objective of flood control
measures in these areas is usually prevention of frequent
flocds with an attendant reduction in the flood damages from
the more infrequent floods. In -irrigated areas the investment
in irrigation facilities such es canals, distribution ditches
and land leveling is great. Floods of greater magnitude cause
a disproportinate emount of damages to such facilities. In
this case, a much higher degree of protection from floods
originating from outside the area is warranted. Diversion

of runoff from external sources around and away from these
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areas may be feasible. The development of project design
floods for the various degrees of protection entails thé
determination pf the frequency of occurrence of the floods

to be expected‘in the study areas of the basin. The fre-
gquency of flood peaks were based on a correlation of rain-
fall frequency data with a regional analysis of flood fre-
quencies of natural streams. This was further correlated
with the drainage basin characteristics used in the develop-
ment of standard project floods in order to obtain peak

flows for various frequencies of occurrence for each of the
study areas of the basin. From these correlations, drainage
area v.s. c.f.s. per square mile curves were developed for
use in determining the peak flows of incremental areas within
the study areas. These curves take into account the shape of
the drainage area. The flows developed are those to be ex-
pected from natural streams having the drainage area and
runoff charaqterisfics of the respective study areas. These
peak flows would be modified by man-made restrictions and
barriers under present conditions and by the floodway charact-
eristics of the proposed projects. Inflow- storage - dis-
charge relations were applied to these peak flows to obtain
modified peak discharges used in the design of the proposed
projects.

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

by the type and kind of development requiring protection, the future conditions
anticipated, and upon the type and kind of floocd control measures under con-
sideration, the following guidelines for project development were established:

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

13



(2)

(&)

to contain the 50-year flood and reduce the standard project
flood depths to 1-2 feet in urban areas giving due considere-
tilon to induced storage. The flood peaks should be based on
projected development of the area. The outfall channel of
this capacity should be carried to a point approximately 1
mile beyond the limits of future development where it should
transition into the channel provided for the area as a whole.
Channels serving irrigated areas should contain the 5-year
peak flow giving due conéideration to peak flows from urban
development in the area. In desert areas, channels should
contain the 2-year peak flow.
Where floodways and diversions consist of a chanrel and dike
section, as will be the usual case, the dike or embankment
should provide protection against overtopping by the standard
project flood as modified by induced storage in irrigated
agricultural areas. Where urban areas are being protected
which envolves loss of life and expensive property, the dike
or 'embankment should have adequate freeboard for protection
against overtopping by a flood of spillway design proportions.
Reserveirs should generally be designed to contain a 50 to 100
year flood and modify the standard project flood sufficiently
to provide adequate protection in urban areas. The spillwey
should safely pass the modified standard project flood and
have sufficient freeboard that the splllway design flood will
not overtop the dam.
The general criteria of culvert design capacity for highWays
and railroads is a once in 25 year flood; county road, once
in 10 vear flood, and for multi-lane highways, one in 50 yesar
14



flood. Bridges should te designed to pass the 50 year
lood with 2 to 5 feet of freeboard, depending on the im-
portance of the road, the consequences of exceeding design
capacity, and likelihood of clogging by drift. Existing
structures should be altered-té provide at least design
channel capacity.
1-3 IXTENT AND CHARACTER OF FLOODED AREA

1. General Flood Problem - The principal flood problems of the basin are:

The {looding of the valley lands by runoff originating in the mountains and desert
arcas; and, tuze increasing runoff from the expanding population centers which al-
ready exceeds the capaclty of existing outfall drainage ways. With respect to
the valley lands, tuese two flood problens may be classified as {looding from
external sources and flooding from intcrnal sources. From external sources there
are 36,000 acres of irrigated agricultural land and 800 acres of urban area sub-
jeet to flooding. The proportion of urban flooding to agricultural flooding
will change with future development but not the total. From internal sources,
there ure about 060 acres of irrigated agricultural land and 70 acres of urban
area subject to flcoding under presenc conditions. As urban development pro-
ceeds, votlr the urban and agricultural flcoding will increase. It is estimated
hat by 1980 there would be 2100 acres of agricultural land and 480 acres of ur-
ban area subject to flooding; and by the year 2010, 4o00 acres of agricultural
land znd 1850 acres of urban area. The present land use is shown on Plate No. 1,
Appendix I-B. The various aspects of the present and future flooded areas are
discussed in tine following paragraphs.
(1) . The principal improvement in the basin is the irrigation system

and the on-the-farm tacilities connected with it. The value of the portion of
this improvement subject to flood hazard is estimated to be $3,500,000. Second

in importance is the state and county road system. No accurate estimate can be
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made of tiie value of these facilities, but roads sustain heavy damage from ex-
ternal flooding. The flooded urban area consists of all of Gilbert and the
smaller communities in tite valley and paris of Chandier and Mesa.

(2) The type of flood damage Qustained by the various improvements
is comprised of breaching of canals, overtopping of roads, inundation of crops
and flooding of houses and buyildings with attendant damage to their contents.
Direct loss of life due to flood waters has not been reported. However, indirect
loss of life due to hazardous road conditions is a distinet possibility during
even moderate floods. Floods of standard project fiood proportions with the
probably collapse of existing dikes and resultant sudden release of impounded
water would likely result in loss of life and would -aggravate hazardous road
conditlons.

(3) The expanding population centers of Mesa, Chandler and Gilbert,
as shown on Plate No. 1 in Appendix I-B, are within the flood problem area.
Some measure of flood protection will be a necessary prerequisite for such ex-
pansion even without the comprehensive program under study. However, suck
measures, based on past experiences of other urban communities, will be largely
alleviation measures against frequgnt floods and the nazard from extreme flooda
would remain. Urban complexes can be expected to spring up along the new high-
ways in areas where no flood history now exists and these areas will encounter
flood problems. Thaese flood problems will arise from the concentration of run-
off from the deéert areas and from inzreaszed runoff from the urbarn conplzi ez
themselves.

b. Flooding in Study Airea #1 - The irrigated lands below Highline Canal

and the western Canal in Study Area #Z arc subject to flooding from the Salt
River Mcuntains :nd thne intervening desert iocatéd_in this area. The new inter-
state highway from Phoenix to Tucson will pass through Study Area #1. The con-

centration of water by this highway and the expected urban development will
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further augment the flood problem.

c. Flooding in Study Area #2 - The lower part of this area is subject to

flooding from both internal and external sources. At the upper end of the area
is Mesa which as it expands into the valley will increase the flooding from in=-
ternal sources. Some flooding now occurs on the outskirts of Mesa and Chandler.
This flooding is both to urban property from inadequate outfall and to irriga-
tion canals and agricultural lands as the increased runoff seeks avenues of es-
cape. The future expansion of the populationtcehters is the chief concern of
this area both from the standpoint of external and internal flooding.

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

the breaching of canal dikes and overtopping of roads by runoff from the Super-
stition and Usery Mountains. In the lower portion, Queen:Creek floods large
areas of agricultural land and causes damage ﬁo irrigation facilities and county
roads. Projected expansion of Mesa and later Chandler and Gilbert into this
area will create flood problems from internal sourées. Adequate outfalls will
be required to carry the increased runoff south to Queen Creek.

e. Flooding in Study Area #i4 - Flooding from runoff from the Usery and

Superstition Mountains causes damage to the Roosevelt Wuter Conservation District
Main Canal and to state and county roads. In the past, considerable flooding of
Williams AFB has occurred. Williams AFB has now been protected against all ex-
cept extreme floods by use of levees and by improving the outfall along the up-
side of the R.W.C.D. Main Canal to the outfall at Queen Creek. Tuere are some
agricultural lands in the upper end of the area and urban development along the
highway fror: Mesa to Apache Junction which is subject to flood hazargd.

f. Flooding in Study Area #5 - Thls area includes the flood plain of Queen

Creek and extensive damage to agricultural land and roads occur. The upslope
area on the-south,which includes Chandler Heights,is subject to {looding from
runoff originating in the Santan and Goldfield Mountains. Over-topping of roads
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and the erosion and inundation of agricultural lands is an important problem
here.

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

that done to Hunt Highway. This area is, however, the source of flooding to
areas south of Queen Creek in Study Area #5.

h. Flooding in Study Area #/ - Tais arca is under study by the Soil Con-

servation Service. Location of retention structures here is expected to con-
trol the flooding of the Valley from runoff originating in the Usery and Super-
stition Mountains.

i. Flooding in Study Area #3 - No flood problems are apparent in this

areg.

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

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

are tabulated in the following table:
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it VAIUE OF FLOODED PROPERTY IN THE GIIA RIVER-QUEEN CREEX

e G —— e s g

EASLH

Study Urban Droperty  Agricultural Land  Irrigation Facilities
Areu (acres) : (acres) (value)
2 0 0 $ L50,000
i 300 1,700 140,000
2 o 28,400 . 2,360,000
ik 0 600 50,000
#5 10 6,000 500, 000
i 0 .32 0
T §70 36, 100 $3, 500,000 £ T, 000,000
FUTURE (1980)
Lo 0 $ 450,000 145, 000
1130 2,660 220,000 2, 9h0,000
50 28,800 2,400,000 1,850,000
40 700 1,000,000 200,000
20 6,100 630,000 700,000
i 20 9 . 9 265,000
o 1310 38,250 $L, (00,000 $ 3,400,000
FUTURE (2010)
5 9] $ 450,000 $ 185,000
1960 5, 400 180,000 5,350,000
koo 23,130 2,420,000 4,750,000
; 155 1,000 1,400,000 555,000
5 50 6,300 650,000 845,000
i —_— —_— o e 313,900
2700 40,900 $5, 100,000 412,000,000

i~G FLOOD DAMAGES

2. General - The flood damages caused by past floods of reccrd in the

valley have been investigated by the 50il Conservation Serviece and the Corps

of Engineers.
#tudies in Study Area #/ have estimated that the recurrence of the 1954 rleod
would cause $3,?92,000.00 of agricultural damage in the valley excluding th=
uecn Creek area.
to this damage.

Farlier floods were investigated by this agency in a previous report.

19

The Soil Congervation Service in connection with thelr pressni

1

Damage to improvements is also estimated to be nearly equa

They estimate that the flood of 1959 was almost az damaging.
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of this report entitled "Flood Damages" is shown in Appendix I-B. The Soil
Conservation Service estimates of the average annual flood damage from floods
originating in the Usery and Superstition Mountains area will be shown in
their report. The Corps of Engineers in their studies for the existing Whitlow
Reservoir estimated the average annual flood damage on Queen Creek. These
ccoronic studies by the Corps of Engineers were reported in the survey report
for W:itlow Reservoir. For the other two sources of external flooding; the
Sarntan and Goldfield Mountains area at the south end of the valley; and the
52U Rlver Mountains area on tie west side of the valley, no flood history is
avallable. By sample area methods and correlation with the cstimates of damages
from external flooding from other sources, it is estimated that the average
annual damage from flooding from the Santan and Goldfield Mcuntains area is
$57,000, and from the Salt River Mountains area, $51,000. The flooding due

to internal sources in the study areas covered by this report and the resultant
damages is premised on future urban development. The average annual flood dam-
ages from interrnal flooding, based on the next 50 years of development, are
estinated to be $218,000.

b. Suwmaary of Flood Damages - The average annual flood damages for the

various study areas of the basin showing breakdown as to source of flooding

il tie regpeclive types of property are tabulated on the following table:
g

2



TABLE NO. 3

PROJECTED (50-YFAR ECONOMIC LIFE) AVERAGE ANNUAL FLOOD DAMAGES IN THE GIIA
RIVER ~- QUEEN CREEK BASIN

STUDY URBAN PROPERTY . AGRICULTURAL . IRRIGATION_ ROADS AND
ARFA External Internal External Internal FACILITIES . STREETS

looding Flooding Flooding Flooding External Internal External Internal
riooding Fiooding ¥looding Flooding

#1  $ 4,500 $ 3,000 $ 0% o $4000 $ 0 $ 2,000 $ 700
#2 173,000 T(,000 48,000 43,200 2,000 2,400 46,000 256,900
#3 9,200 16, 400 797,000 8,800 21,709 400 74,000 T7,90C
1 6,000 5,000 15,800 5,100 2,100 4) 1,400 4,00¢
#5 3,000 2,100 168,200 3,900 5,700 300 3,000 1,700
#0 2,300 190 0 0 0 0 3,200 1,200

TOTAL $199,000 $ 105,200 $1,030,000 $61,000 $42,500 $3,100 $140,000 $h2,L00

1-10 OTHER FLOOD CONTROL PROJECTS AND STUDIES

a. Soil Conservation 3ervice - This agency has under study a system of de-

tentlon reservoirs designed to intercept runoff from the Usery and Superstition
Movntnins. These reservoirs extend from tie basin divide on the north along

apout Lie 1502 contour to tiae Queen Creek divide on the south. Most will be in
Plral County buv are intended for protection of the valley against external flo:.i:,

A report is expected to e complebted carly in 1962.

b. Corps of Engineers - Tho existing Whitlow Reservoir was planned and

constructed by tize Corps of Engincers. Extensive studiaes of the flood problen
orr Juzen Creck have been made of Queen Creek flooding in the report on this re-
SATVOLT.

¢. Ground Water Recharge Suudy - A feasibility study was made of ground

(%1

water rcenarg: of flood waters and is made a part of this report. The objectiv
»f this study was the Investigation cof the subsurface geology of the basin and
2oo5ible methods for recharging of water collected by detention reservoirs to
aoteimine thie feasibility of conserving flood waters by this means. Tae report
" this study is shown as "Proposed Artificial Recharge Aspects of Flood Control

Survey for Soutieastern Maricopa County", Appendix I-C.



1-11 IMPROVEMENTS DESIRED

a. General - The principal objective of the flood control study in the
basin is the protectibn of the highly developed valley lands from external
fiooding and the providing of adequate outfall channels for the increasing run-
off from the expanding population centers located therein. The Salt River
Users Aésociation nave expressed the desire that all flood water be carried by
a separate system and not allowed to flow into tuneir irrigation canals. One of
tie specifications for tnis report made by the Maricopa County Flood Control
District was that multi-purpose use of reservoirs be made where feasible. To
this end, ground water recharge of flocod waters hi:s been incorporated as a pro-
ject purpose in connection with all propcs.d @ .nbt! resexrvoirs.

1-12 SOLUTTIONS CONSIDERED AND PIAN OF IMi..OVi.:sNT -

a. Flood Problems and Possible 3clut.:n: - A 4. :cussed under "1-8 EX-

TENT AND CHARACTER OF FLOODED AREA," the overai. f.ood problem of tne basin
is tihe flooding of the valley lands from external sources and increasing in-
ternal flooding as a result of higher runoff rates due to expanding population
centers. The indicated solution for the prevention of floods from externsl
sources is the storage of flood waters by dams and tae diversion of flood ficws

e
i

by dike and channel around the protected area Lo natural drainage ways.
principal natural drainage way 1s Queen Creek. Tiie indicated solution for in-
ternal flooding is to provide an adeguate system of outfall channels Lo carry
flood flows to tuhe Gila River. Other possiule solutions suca as: flood plain
zoning, filling of areas to be built over, evacuation and resettlement, and
levees, cannot alone or in combination provide the overall protect.on required
for thne basin; Tnis i1s true principally because of the economic considerations
involved bul 1s also true because of tue impracticability of effecting some of
these measures and anticipating future trends of developrent; nowever, tuese

measures mnay ove imporiant adjuncts to the proposed plan in the future. Tuis
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is especially true of internal flood problems both in the protected areas and
in the areas where flood control measures are installed. It should, however,
be recognized that it is unrealistic to assume that restrictions lmposed by
flood plain zoning now, will remain inviolate. The pressupre of the problems
and necds of future generations can and will alter such restrictions and re-
gulations. Instead, it is more realistiz to set forth the problems faced by
development in such areas ard to establish criteria which govern successful de-
velopment. Flood plain areas and reservoir areas can be utilized, subject to
economic cohsiderations, rrovided sound cngineering concepts are followed.

b. Existing Channels - Therc is no clearly defined dralnage system serv-

ing the valley area. The irrigation canals carry some flood waters and the up-
‘side of the canal dikes ihtercept and divert flood water along the canals to-
ward Queen Creek and the Gila River. Quezn Creek is the principal drainage
course but the canal at the lower end of the valley near West Chandler, now
used as a waste-way, also carries flood waters to the Gila River. The channel
of @Queen Creek has been enlarged and improved, in the past,-frdm.a.point'in.the

approxinately State Highway No. 87. In

Q

vicinity of the town of Quecen Creek t
connection with the protection of Williams AF3, the dike on the upside of the
R.W.C.D. Main Canal has been raiszed and an improved channel constructed from

Williams AF3 to Quewn Creek.

¢, Relationship Detwsen Irrigation Canals and Drainage ~ Drainage chamicels

£
E_';A

the irrigation canals are highly compatitle. They may utilize a common dike
o Lhe upsiope side of the canal. The gentle slope required for irrigation canalcs
ie also desirable for drainage channels. AL times the irrigation canals may
banaficially gecept some flood waters. The principal problem is where drainage
must cross a canal. This is not inswrmountable; however, such crossings are

costly and sre Lo be avolded where

4. MtI-vuroose Use -Conservation of water is the principal concern in

2
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this areg. In connection with detention reservoirs, water stored may be used

for ground water recharge provided adequate facilities are planned and con-
structed. As previously mentioned, the irrigation canals may accept some water
but this is a very limited use of flood waters. Full conservation will require
a well co-ordinated system of ground water recharge facilities.

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

ment for the basin are shown on the Basin Project Map in Appendix I-D. Included
in the plan of improvement is the proposed Whitlow Canyon Reservoir, SCS struc-
tures, and the projects for the various study areas. The proposed Whitlow Can-
yon Reservoir is a long-range proposal and consequently no cost estimate or mone-
tary economic evaluation was made. The SCS structures, as previously mentioned,
will be covered by a report by that agency. Pertinent data for Whitlow Canyon
Reservoir, retention dams and the proposed dikes and channels are shown in Tables
1 and 2 in the "Hydrologic and Hydraulic Analyses", Appendix I-A. The projects
for the Study Areas No. 1 through No. 6, and Whitlow Canyon Reservoir are dis-

cussed below:

(1) Study Area No. 1 project consists of two retention reservoirs opera-
ting in conjunction with dike and diversion channels. Retention Reservoir No. 1
would receive runoff collected by a dike and diversion channel located along the
south boundary of the area. Retention Reservoir No. 2 would receive water from
a dike along the east side of the Salt River Mountains. The discharge from this
reservolr would be carried by the dike and diversion channel to Retention Reser-
voir No. 1. The project would pré%ide protection from external flooding to the
irrigated lands below the Highline Canal down to the proposed outfall channel in
Study Area No. 2 and the irrigated lands below.Study Area No. 1 in the Gila River

Indian Reservation. It would also provide protection for the area between the
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new Interstate Highway and the Salt River Mountains in which urban development is ex-
pected to proceed rapidly following completion of the highway. The diversion -dike
along the base of the Salt River Mountains in conjunction with the diversion re-
sulting from construction of the Interstate Highway and that of the embankment on
the upslope side of the .existing Highline Canal will provide a high degree of pro-
tection for the irrigated lands in Study Area No. 2 which now experience flooding
from runoff originating in the Salt River Mountains.

(2) sStudy Area No. 2 project consists of a system of outfall channels
for the population centers of Mesa, Chandler and Gilbert. It is sized for future
expansion of these communities and the expansion of Tempe into the valley. The
outfall channels for Mesa and Gilbert are sized to carry the 50-year flood to a
point at approximately the center of Sec. 9, RS5E, T1S, Gila and Salt River Base
Line, where they join and then transition into the outfall channel serving the
area as a whole. The Mesa and Gilbert outfall channel would reduce the Standard
Project flood to where only one to two feet of flooding would occur. A similar
outfall channel is provided for Chandler to Dobson Road where it transitions into
a smaller channel which joins the main outfall channel at a point where it enters
the Gila River Indian Reservation. The main channel, which is designed to contain
the 5-year flood, assuming ultimate development, should be constructed initially
to a point just past the new interstate highway. The extension of this channel
to the Gila River could be delayed until urban development progresses further.
Right-of-way should be obtained under the initial program. The porposed project
provides a basic outfall channel system. Laterals and the usual drainage facili-
ties to tie into this system would be required in connection with the expansion of
the population centers.

(3) Study Area No. 3 project consists of dike and diversion channels
along the upside of the Consolidated Canal and the upside of the R.W.C.D. Main Canal

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

vide protection against external flooding for Study Area No. 2 which originate in
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this area. They also would serve as outfall channels as urban development expands
into this area. The channel along the upside of the Consolidated Canal is sized on
the basis of the anticipated urban development expected to occur in the foreseeable
future.

(4) Study Area No. 4 and No. 5 projects consist of: A dike and diver-
sion channel along the upside of the Roosevelt Canal to Queen. Creek; a dike and
diversion channel along the upside of the planned Central Arizona Project Aquaduct
to Queen Creek, approximately in line with the SCS structures. The dike and diver-
sion channel on the upside of the Roosevelt Canal would provide protection against
external flooding for the valley areas below. It would also serve as an outfall
channel for Williams AFB and future urban developments. The dike and diversion
channel on the upside of the planned Central Arizona Project Aguaduct would divert
flood waters from the uncontrolled area below the SCS structures to Queen Creek.
The channel would serve as a means of collecting and diverting reservoir flows re-
leased from the SCS structures to suitable ground water recharge areas. The de-
tention and debris barrier reservoir on Queen Creek would store flood waters from
the uncontrolled area below the existing Whitlow Reservoir and the releases from
that reservoir. The releases from the detention and debris barrier reservoir would
be handled by ground water recharge facilities. The reservoir would also intercept
the debris scoured from the Queen Creek channel in the valley areas below. As the
coarse debris collected into a delta in the reservoir, it would form a natural
ground water recharge element.

(5) Study Area No. 6 project consists of a detention reservoir operating
in conjunction with a dike and diversion channel. The dike and diversion channel
would lie along the upside of Hunt Highway and would divert the flood waters from
the Santan and Goldfield Mountain area to the reservoir for storage and subsequent
induction by ground water recharge facilities, This project is intended for the pro-

tection of the area in the vicinity of Chandler Heights down to Queen Creek against
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external flooding. The dike could be incorporated into a raised road section for
Hunt Highway with mutual advantages to both functions.

(6) The Whitlow Canyon Reservoir, in conjunction with the existing
Whitlow Resérvoir, to be constructed in the future, would establish a high degree
of control of flooding from mountain areas of the Queen Creek basin. As the de-
bris delta, mentioned in preceeding Paragraph (4), builds up and begins to function
as a natural ground water recharge element, then releases from these two reservoirs
could be inducted directly without appreciable storage. The flood control stor-
age remaining after depletion of the debris load would then still be adequate to
accommodate flood flows from the uncontrolled area below the proposed Whitlow Can-
yon Reservoir and the existing Whitlow Reservoir. This is a long-range project, but

one that is likely to prove highly desirable in the future.
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1-13 COST ESTIMATES

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

improvement, exclusive of SCS structures, is $11,000,000. The cost of SCS structures
and their required right-of-way cost will be covered by that agency in a separate report.
The estimates of first cost by study areas are summarized in the following table:

Table No. L

ESTIMATES OF FIRST COST
First Cost by Study Areas

Item #1 - #o #3 # #5 #6

Right-of-Way
Lands & Damages $ 707,000 $ 686,000 $ 768,000 ¢$ 387,000 $ 855,000 $ 272,000

Relocations:

Railroads 0 0 0 0 0 O

Highways 0 0 0 9 0 0

Utilities 2,200 1,800 2,400 0 1,600 1,200
Miscellaneous

Structures 17,000 442,000 390,000 190,000 125,000 9,000
Dams 500,000 0 0 0 793,000 82,000
Channels & Dikes 110,000 1,294,000 980,000 201,000 200,000 420,000
Engineering & Design (2,020 173,780 137,240 39,100 111,960 51,220
Contingencies @ 20%“_0335,8¢0 347,560 274,480 78,200 223,920 102,440

Total First Cost $i.52L4,960 $2,945,1k0 $2,552,120 $ 895,300 $2,310,480 $ 937,860

b. Estimates of Annual Ccst - The estimated annual costs for construction of the

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

Tabie No. §

ESTIMATED ANWUAL COSTS - SO-year Economic Life
Arnnual Cost by Study Areas

Iten 71 #e #3 e # 6
Interest and

Amortization Leo 180 $1ab,uok $ 99,188 $ 34,796 $ 89,797  $ 36,450
Overation and

Maintenance 8,250 6,850 4,500 850 10,930 3,820

Total Annual Charges & 7,420  $ 121,314 $ 103,688 $ 35,646 $ 100,727 $ Lo.270

(W8]
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1-14 ESTIMATED BENEFITS

&. Benefits - Tanglble benefits estimated to- accrue to the plan of improve-
ment include reduction in flooa damages, future development and increased income
from changes in land utilization. There would be. other benefits of an intangible
nature, not susceptible to monetary evaluation. 3Benefits are summarized below:

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

w

duction of average annual damage to crops and structures. These benefits, exclusirs
of those that accrue to the SCS strucfures, amount to $h67,200 annually, of which
$218,000 are crop benefits and $249,200 are strictural benefits. The Soil Con-
serveticn Barvice will estimate the average annual benefit in flood damegs reduc-
tion due to their structures.

(2) Future development in the flood. problem area of the basin during
the next 50 years 1s estimated to result in an ircrease in the value of structures
of $76,600,000, without protection from floods. These increases are based on popu-
lation trends, past and future agricultural production, and construction treands in
the region under study and smillar areas. On the basis of these increased values,
it is estimated that the tenefits from reduction in flood damages to future de-
velopment in the area would amount to $L97,70C annually

(3 ) Increased land utilization will recult from the flood protection
afforded by the proposed projects for the tasin., Initially this will consist of

a change in agricultural tse, but eventually & change in land usz to urban develoh-

4 by the increase in net in-

g .4 1 ’ ,ﬂ TYmyn B A ] ER I i SRR YN SN
ment will result. IZenefits fron thils itom wers meacars

. T ['. & i vy okl sk .

n area. The net lucrease

5918 4 SR S A

, Q00 1 the next S5Q years
i, BOC

> benefits not susceptitls to evaluation in terms of averag:s

monetary value would be realized through the development of the proposed plen of
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improvement. Such benefits would include the reduction in interrupted transporta-
tion and delay in harvesting crops, enhancement of the general welfare and security
of the people, and a lessening of the hazard of epidemics. These benefits would
be real and of significant importance in the problem area.

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

plan of improvement by Study Areas are summarized in the following table:
Table No. - 6

ESTIMATED AVERAGE ANNUAIL BENEFITS

Study Area
#1 #2 #3 4 i)

Flood losses pre-

vented - $ 9,200 (1) $256,800 $ 60,800 $26,400  $11k,000 $ (2)
Future development - 7,500 (1) 220,200 210,200 32,800 27,000 (2)
Increased land

utilization - Lk 800 (1) 52,100 41, 300 50, 000 186,600 (2)

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

Note: (1) Additional benefits of project are to areas in Study Area #2.
(2) Benefits of project are to areas in Study Area #5.
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1-15 FORMUIATION OF FLOOD CONTROL PIAN

a. Generul - Tue proposed piun of improvement is u comprehensive program of
flood control meugures designed to provide flood proteciion for tihe basin and to
provide a buasic system of drainage cnunnels to meet present needs and the needs of
future urbun development of lhe urea. Close co-crdination of the various elements
is reguiied to oovluin a scund functional project. O. immediate urgency is tihe need

rovectlion from externzl flooding. Almost equally impartant is the need for a

-
C
R

L&
(¢4}

system of drainuge channels for internal druinage and for uncontrolled areas to in-
sure tiout tie benelits from delention reserveirs and diversion are fully realized.

0. ‘Cc-operabion wit. Federal Programs - Iiplementation of the proposed plan
P f2 Y prop p

of improvement will require close co-operction witi Federal programs to effect nax-
Lmmn cconcmy und e obtain tie most effectlive flood control. T.e usual requirements
for leocual puarticlipation in Soil Conservation Service projects must be met as will
be set fert. 1n thae report belng prepared by uaat agency. Specific opportunitiles
for co-operation wit.i Federal programs to effoct ecopémy and better flood control
are discussced ln tuae following paragraphls.

(i) T.e Soil Conservation Service structures are a prerequisite to tue
inauuililation of otaer flecd control meusures i Lae ui'ea VO De protected on ihe
east side of tihe valley. AL the present tlime, they Lentively plan a closed conduilt
from tae struciures down Lo tue drainage ciiannel on tue upside of the R.W.C.D. .
Main  Cannl in tae vicinity of Williams AFB, to safoly carry the reservoir re-
leuses to an outfall., By providing a colleclticn or diversion channel to carry tiese

releases along the contour tc areas where rec:arge fucilities can be located, this

-

costly condult can be eliminated anfl 2t tae sume time water conserved, Close co-

ration of construction ¢f Lie »ollecticn und diversion cuunnel with the con-

rdi

G

ey

struction of tue 3CS structures would bLe roguired vo effect this economy.
(2) fT.e Burezu of Reclmmbion plarns an irrigation canal, designated on

tine Bisin Projecu Map as the Central Arizona Project Canal. By constructing the
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proposed dike and diversion channel in conJjunction with the construction of this

canal, savings can be effected by an overall balance of eartn quantities and in

eliminating drainage structures otihervise required, Construction of the proposed
wueen Creck Detention and Dobris Barrier Reservoir will reduce the size of tae
drainage structure required under the Bureau of Reclamation canal, Co-ordination

of copstruction scnedules would be required to make this possible.

c, Desigp and Constructich of Non-Federal Program - The projects which com-

prise the plan of improvement for tie Non-Federal Program fall into tihree categor-

_(1) Projects required to extend the control and protection against ex-
ternal flooding, provided by the Federal Program of 3CS structures apd the exist-
1ng Whitlow Reservolr, te the entire valley, -

§2) Projects required to Insure benefits afforded by the flood control
neasures against external flooding are fully realized, now and in the future.

(3) Projects required to provide proteciion against internal flooding
due to increased runoff from expanding population centers.

The specific proJects which make up tne Non-Federal Program grouped acgord-
ing to the forégbing categories and in that order, are discussed in the following
paragraphs:

(k) Thne projects in category (1) avre:

(a) The proposed Queen Creck Detention and Debris Barrier Reser-
voir cveruting»iq conjunction witli the SCS structures would complete the protection
from external flooding from the cast side of the basin. Tuis project would cost
$1,4%99,000. Tne annual charges would be $73,243 as compured to the estimated annual

benefits of $349,100. Tae resultant beasfit/cost ratio is L4.75 to 1.

(b) The proposed Hunt lighway dike ind diversion channel with the

detentlon reservoir, in Study A.ea #6, are the components ol the project required

to provide proteetion from external [looding from Loo Sanbin and Golafield Mcuntain
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area. This project would cost $937,860. The annual charges would be $40,270 as
compared to the estimated annual benefits of $74,000. The benefit/cost ratio is
1.84 to 1.

(c) 1In the Salt River Mountain area, Study Area #l, the proposed
dike and diversion channel‘operating in conjunction with the proposed detention re-
servoir would provide protection from external flooding on tae west side of the
basin. This project would cost $1,524,960. The annual cuarges would be $67,430 as
compared to the estimated annual benefits of $174,700. Tae benefit/cost ratio is
2.59 to 1.

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

(a) Tne proposed dike and diversion channel on the upslope side of
the Central Arizona Project Agquaduct will divert flood flows from tae uncontrolled
area below the SCS structures to Queen Creek and will serve as a collection channel
for carrying reservoir releascs to recaarge facilities in tue vicinity of Queen
Creek. This project would cost $487,000. Tuhe annual chzrges would be $18;337 as
compared to the estimated innual benefits of $109,230, giving a2 benefii/cost ratio
of 5.95 to 1.

(b) The proposed dike and diversion channel on the upslope side of
the R.W.C.D. Main Canal would divert flood flows from tie large uncentrolled desert
area, lying between tue R.W.C.D. Miin Canal and taie Cenlral Arizona Project Aquaduct,
to Queen Cieek. -This prcject would cost $l,706,780. Tiie znnuul charges would be
$70,164 as compared to the estimated anmuzl benefits of $10L4,100. The benefii/cost
ratio would be 1.48 to 1.

(c) Tne proposed dikes and diversior cuannels,in Study A.ea #3, would

divert flood flows from uncontrclled areas to outfall =L Qucen Creek. T.e uncoatrolled

able future. The cost bf this project would be $2,552,120. The annual caarges
would be $103,538 as compared to estimated unnual benefits of $208,200. his gives

3
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a benefit/cost ratio of 2.01 %o 1.
(6) Tae project in category (3) is:

(a) Tu.e proposed system of outfall channels, Study Area #2, would
provide protection from internal flooding from increased runoff from tne expanding
population centers of Mesa, C..andler and Gilbert, and carry flood fidws from this
area to tae Gila River. Tue cost of this project would be $2,945,150. Tie arnual
cnarges would be $121,314 as compared to the estimated annual benefits of $425,800.
The benefit/cost ratio is 3.52 to 1.

d. Recommendations for Acquisition of Existing Flood Control Facilities -

The acquisition of the following existing flood control facilities is recommended:

(1) Tone waste-way channel from the vicinity of West Chandler to tne Gila
River shiculd be acquired. This faucility is neid at present by Lthe Salt River Water
Users Associution but the possibility of it reverting to former owners in the in-
mediate future is imminent.

(2) All of the Queen Creek cnannel in Maricopa County including access
rignt-of-way, snould be obtuined. The proper care and maintainance of this important
draingage way will nave a direct bearing on the effectiveness of the proposed flocd
conbrol measures.

(3) The improved dike and diversion channel from a point in the vicinity
of Williams AFB to Qucen Cireek is needed.

e. Miaster Pian For Future Development - As discussed under "I-12 SOLUTIONS CON-

SIDERED AND PIAN OF DEVELOPMENT," a detailed master plan is not practical. However,
guide-lineg for future development in flood pla.ns and reservoir areas can be es-
tablisied winicn will realistically control such desvelopment. Guide-lines can also
be establisied to set forth the drainage facilities that should be provided with any
development in t.ie uncontrolled areas of the basin. These guide-lines are discussed
in the following paragraphs.

(1) Any improvements cun safely be constructed in the flood plain adjacent
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Table No. - 7

JUNZARY OF RECOMMENDED
Project Classification Cost B/C Ratio
8CS structures urgent * *
Qutfall channel system in
Study Area No. 2 urgent 2,945,160 3.52:1
Queen Creek detention and o
debris barvier dam urgent. 1,499,000 L.76:1
Detention reservoir and dike
-and diversion chamnnel in
Study Area No. 6 imnediate 937,860 1,84:3
Detention reservoir apnd Gike ’
and aiversion channel in
Study Avea No. 1 " imnediate 1,524,960 2.59:1
Dike =and diversion cnannel - ' .
upside of Roosevelt Canal. immediate 1,706,780 1,481
Dike and diversion channels ' ‘
in Study Avea No. 3 immedlate 2,552,120 2.01:1

Extension of outfall channel

to Gila River -
tudy Area No. 2

long range

Whitlow Canyon Reservoir

long range

¥ The cost of S.C.8. structures and Fleod Control District r/w cost will be
covered by the Agency in a separate report.
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to the dike and chenunel diversions, outfall channels and in reservoir areas pro-
vided th2 minlmum 7ircr elevation. or critical damage elevation 1s nc more than

1l to 2 feet below the weter surface elevation of the S.andard Project Flood. The
water surface elevation of the Standard Project Flood will normally be at approxi-
mately the top of dike or 2 to 3 feet below the top of dam. Dikes'érobecting urben
areas will be from 2 to 3 feet above the Standard Project Flood water surface eleva-
tion. Arens may be filled to attain the required minimum floor elevations or criti-
cal damege elevstions provided the fill is borrowed in and adjacent to-the channel
or, in reservoir areas, from the effective flood cont{rol pool area.

(2) Where extensive development is undertaken in the unprotected desert
areas, dike and diversion channels should be provided upslope of the development £o
collect and divert external flood flows to suitable drainage ways. Similar dike
and channels should be provided below the development to collect the increaszed flows
in order that .development below uwill not Ve adverselycaffected.

(3) Development in the protected areas of«the‘valley shouli have adequate
internal drainage facilities to carry flood flows to the proposed ouéf&ll channel
system.

f. Sumpary of Recommended Program - The projects that make up the recommended

program of flood control for Study Area No. I, Southeastern Maricopa Zounty, the

Queen Creek-Gila River Basin, are summarized in thé‘following~table;
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APPENDIX I-A

HYDROLOGIC AND HYDRAULIC ANALYSIS

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

and hydraulic data used in the development of the flood control report for the
basin. A further purpose is the discussion of methods used in the hydrologic
‘and hydraulic analysis.

DETERMINATION OF PROJECT DESIGN FLOODS

2. General - The basin and its streams are of such nature that synthetic
methods must be used in the determination of project design flood flows. This
involves correlation of rainfall data and frequencies with runoff character-
istics of drainage areas, fegionél analysis of stream flood flow data for simi-
lar streams and areas, and synthetic unit-hydrograph methods. A further con-
sideration is the effect of man-mede barriers on flood flows. Dikes, bridges
and culverts, and highway and railroad fills induce storage modifying the peaks
of flood flows.

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

by the Corps of Engineers in-development of the standard project flood for
Whitlow Reservoir on Queen Creek, was adapted for dete%mination of the standard
project floods applicable to the various study areas of the basin. The unit-
hydrograph method takes into account the shape of the area and the slope of
the terrain as basin characteristics. The basin characteristics determined
for the various study areas are shown in Table No. 1 of this appendix. Correc-
tions for the differences in annual rainfall’. and for the differences in in- .
filtration rates for desert and irrigated lands as compared to mountain areas,
such as that above Whitlow Reservoir, were required, The:résﬁiﬁhnt'staan?d
proJecéﬂflood hydfographs, are shown on Platesbe%'7-thraugh No, l?,nqréﬁéhOSe
I-A-1



to be expected from natural streams. The effect of existing men-made barriers
vhen taken into account by use of inflow-storasge-discharge relations result in
the modified hydrographs as shown on the aforementioned plates. A further mod-
ification could be expected in connection with the proposed flood control program:
This, however, will eventually be offset by the building over of large greas

of the basin.

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

project are based on the magnitude of the flood to be expected from a given
area and its frequency of accurrence. The degree of protection necessary is re-
lated to the type of property to be protected and the type and amount of flood
damages. Consequently, values for flood peékS‘of several different frequencies
may be required. Flood freﬁpencies'and magnitudes were detefmiﬁed by first cor-
relating rainfall intensity frequency data obtained from Weather Bureau Publi-
cation No. 28, with the run-off characteristics of each of the Study aregg of
the basin. These rainfall runoff frequency relations were further correlated
with the standard project flood applicable to each study area to oﬁtain the fre-
quency of floods of various magnitudes. Design criteria was established foy
the various types of flood control measures contemplated. To facilitate tha
determination of design flows for incrementsl areas within the study areas,
"drainage area verses c.f.s. per square mile" curves were developed which teke
into account the shape of the drainage area. The values determined from thesge
curves vere adjusted by inflow-storage-discharge relations to reflect thé flow
characteristics of the flood control measures under consideration as compared
to natural streams. These design flows for incremental areas are shown in

"Pertinent Data - Channels", Table No. 2.
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Table No. 1

Gile River - Queen Creek Basin

Lag and Characteristics of Study Areas of Basin

Study , . L.Ica
Aresg, Dralnage Area L Leca S S-1/2 ,
’ (sq. miles) (miles) (miles) (ft./mi.) (hﬁ%&gj

1 34 6.4 3.0 62 ‘2.4 1.5

2 110 14k 7.2 6 k2.3 4.6

3 b 22.8 1L. 4 L 130.0 7.0 |

L 123 11.6 4.8 30 10.2 2,7

5 18l 17.0 11.5 19 Ly, 7 L.7

6 30 9.5 5.0 66 5.8 2.2

* See PL. 6 for lag curve

** Includes area of Area 4
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Pertinent Data - Channels By Study Areas

Study Area No. 1

Bottom

Tk

. “Dike Design S.P.F.
Length Width Depth Height Discharge Di scharge
Reach (feet) (feet) (feet) (feet) (c.f.8.) '(c.f.s.
1 (to R.D.(#2) 4,000 10 40 8-12 260-2&:}_ 1,400
2 (to R.D.(#2) 13,000 10 0 18 260—2yr; 3,600
3 (%o R.D.(#L) 6,000 .20 5 7. 260-2yr. 1,900
L, (%o R.D.(#1) 10,600 20 5-3 76 580-2yr. k600
5-(from west) ' 10,600 10 | 5  7 1360-2yr. 3,i+oc3'
Study Area No. 2

1-Mesa: lateral 9,250  50-100 8 3 2200-50yx. k4,000
2-Mesa lateral 7,950 100 8 3 4000+50yr. 7,500
1-Gilbert lateral 15,850 25 6 3 ~600- 50yr 1,100
1-Main channel 2,640  100-30 8 6 1600-5yr. 5,600
2-Main channel 10,600 30. 8 6 1600-5'y1\' . 9,700
1-Chandler lateral 5,300 25 3-6 3 - 600-50yr. 1,100
2-Chandler lateral 7,950 25 6-8 3 1600-50yr. 3,000
3-Chandler lateral 2,640 25-10 8 3-6 966- Syr 3,300
4-Chandler lateral 25,100 10 8 6 '900-5yr. 3,600
3-Main channel 31,700 30 8 6 1600-5yr.  9,70C



Study Area No. 3

Length Botto . ° Dike Design " S.P.F.
[feet) Width Depth Height Discharge Discharge
Reach (Psts) (feet) (feet) (feet)  (c.f.s.) (c.f.s.)

Consolidated Canal:

1 10, 000 15 5 3 330-5yr. 1,100
2 15, 300 15-35 5 3-4 600-5yr. 2,000
3 18, 500 35-40 5 L 660-5yr.%* 2,200
L 24,600 Lo 5 4-5 600-5yr. 2,400
5 29,100 Lo 5 5 600-5yr. 3,000
6 10,600 ko y: 5 600-5yr. 3,L00

(*Urban development)

Eastern Canal:

L 19, 000 10 3 L 80-5yr. 1, 500
2 14,800 10-15 3 y 110-5yr. 2, 000
3 16, 400 15-20 3 4-5 170-5yr. 2,900
L 26, 400 20 3-4 5 210-5yr. 3,600
5 Ll 000 .20 | L 5 240-5yr. L, 200
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~ Study Area Nos. 4 & 5

~Tength  Bothom e Desigm S.P.F.
(tegt) = Width Depth  Height Discharge Discharge
Reach JData,  (feet) (feet) (feet) '!I(c.f.s.g (c.f’.s.%
Roosevelt Canals: ) |
1 10,600 15 4 L 190-2yr. 1,570
2 14,800 15-25 L5 L5 L70-2yr. 2, 000
3 14,800 25-k0 5 5-6  650-2yr. 3,300
L 27,000 40-65 5 - 6-8 1, 000-2yr. 4,700
-5 31,700 65 5 8 1, 000-2yr. 4,700
Central Arizona
Project Aquaduct:

1 22,700 15 3 3 110-2yr. 520
2 40,700 15-20 3 3k 20w T80
3 27, 000 20 L L 250-2yr. 780
L 22,700 20 L4-5 -8 360-2yr. 3,000
5 (from south) 19,000 20 5 4-8 360-2yr, 3,000

Study Aree No. 6 ‘

1 7,400 20 5. 8 600-2yr. L, koo
2 - 12,150 20 5 8 680-2yr.  k,600
3 15,800  20-30 5 8 800-2yr. 5,400
L 18, 500 30 5 8 1,600-2yr. 11,000
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Table No. 3

Pertinent Data - Dentention Reservoirs in Non-Federal Program

Reservoir
‘Study Area
No., 1 Study Area Whitlow
Data Queen Creek RD #. RD #2 No. 6 Canyon
Drainage Area
in Sq. Miles 262.0 26 8 30 38.7
Type of Dam Earthfill Earthfill Earthfill Earthfill Earthfill
Height of Dam 33! 35 30 45 96!
Approximate
Length 21,000 29,200 1,100 6,000 758
Volume of Fill 1,640,000 1,008, 541 70,000 300, 000 635,807 cy
Flood Control
Storage -
Capacity 15,980 6,000 2,000 4,500 5,868
Ares, 1,273 Ac. 550 200 230 128 Ac.
Elevations 1,595 1,153 1,290 1,433 2,094
Spillway Capacity
Primary 524 70 20 60 80
Auxiliary 27,000 34,000  &,000 30,000 12,000
' c.f.s. csfebs el e cofs 5
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APPENDIX I-B
ECONOMIC BASE STUDY

INTRODUCTION

1. General: The purpose of this appendix is to present the considerations
and methods of analysis used in the economic base study made in the develop-
ment of the flood control report for the basin.

ECONOMIC ANALYSIS

2. General: Economic justification of a comprehensive program of flood con-
trol for the basin depends only in part on the past history of flooding and
flood damages. The future conditions to be expected during the economic life
of the project is an extremely important phase of any economic analysis. The
nature and amount of future flood damages requires a careful projection of pop-
ulation, industrial and commercial activity and the trends of development.

The reports on the economic growth and development of the urban centers of the
basin prepared by the Maricopa County Plenning and Zoning Department were used
as a basis for anticipating the flood dazmsge to be expected under these chang-
ing conditions.

3. Economic Growth: The basin, along with the rest of Maricopa County, has ex-

perlenced a tremendous expension in population end in industrial and commercial
activity in recent years. Tontinued expansion of urban areas can be expected
with eventual urbanizaticn of muck of the basin. This will have a marked
effect on the source of flooding snd on the kind and amount of future flood
damages. The present land usz of the basin is shown on Land Use Map, Plate &c.
1. The projection of future expension is dlso shown on Plate No. 1.

L4, Flood Damages: The Soil Conservation Service and the Corps of Engineers

have «=xtensively studied the past history of flooding and flood damages of ths

basin. These Federal agencies have mede a number of reports on these studie:

Z=B-1



At present, the Soil Conseryation Service ig preparing a report on Study Area
No. 7, planning detention reservoirs to control flcods originating in the Super-
stition Mountains. The flood damages determined by these studies were used in
evaluating the proposed program with respect ta p;esent conditiqps. Floog d@n-
ages to be expected under future conditions vere evaluated by tbgvsame methods
utilized by these agencies; An extract from'é'soil Conservation Service3report
which demonstrates these techniques, 1s shown as Extract No. 1, "Flood Damages",

5.. Cost-Benefit Determinations: The cost-benefit analysis of the proposed pro-

gram is based on an economlc life of 50-years, The methods of analysis conform
to those used by the Soll Eénservation Service and the Corps of Engineers, The
rééu;tant cost-benefit rqﬁ@ds are considerea conservative, Past ekpe}ieﬁgﬁ has
shoﬁn that,in gene;al, the prue economic benafigg of projects of this nature can-
not;be anticipated. The effect of the expanding economy of the nation,as a whole,
and?this area in particulgp,,and the effect of advances in the general teqhnqlpgy
over-the next 50 years, can only vaguely be defined. The program itself opene
new géonomic opportunitieg, the import of which gannot be_real;zed at tbig~timg,
Consequently, the actual worth of the proposed program of flood control for the

basin may be several times that indicated by the”benefitécost'xﬁt;oa shown.

I-B-2



FLOODWATER DAMAGES

Types of damage considered -- The principal classes of property damaged
by floods in the Queen Creek Basin are agricultural property, irrigation works,
highways, urban property, and railroads and other public utilities. Refer to
map 9 for flood damage areas. Damages are distributed among the various classes
of property as follows:

Percent
Farms 67.9
Irrigation systems 18.4
Highways 6.0
Urban property 5.8
Railroad & utilities 1.4
Other 0.

100.0

Source of information -- Information upon which floodwater damages are

based was secured in part from flood-damage schedules taken in 1938 for the
period of 1926 to 1938, covering approximately 25 percent of the farm area sub-
Ject to damage. Where possible, at least one farmer was contacted in each square
mile. Because of the short length of tenure of some farmers, a few sections
were not covered by a schedule. [However, the sample was large enough that it
offers a good basis upon which to estimate flood damages. In addition, demages
caused by the 1941 and 1946 floods were estimated on a basis of information
gathered from irrigation districts and from spot checks in the farming areas
affected. All damage estimates were adjusted to 1948 prices by appropriate in~
dexes. '

Kinds of farm damages -- Floods damage crops in a number of ways. Alfalfs
hay that has been cut and still in the field is washed away or rots on the ground.
Some crops are killed by drowning or scalding. The quality and yleld of crops are
reduced by introduction of weeds and deposition of sediment. Land damage con-
sists principally of washing and sediment deposition. Other farm damage is the
destruction of irrigation leterals and field borders. Two important types of in-
direct damage are (1) disruption of irrigation services due to breaks in irriga-
tion canals and damage to farm irrigation systems, causing reductions in crop
yields; (2) introduction of weeds by the floodwaters, necessitating additional
expense for cultivation and in some cases delay in planting alfalfa on land that
has been fallcwed for fall planting.

Damage *c farms by a small flood -- T~ z‘“36 flood and also 1933, 1941, and
1946 floods, -herein conegider<4, are small f!.oés. They offer a basis for deter-
mining average flcosd damages caused by s“QL- “io0d. The 1933, 1941, and 1946
floods were estentially the same type bo%a =ik vespect to area inundated damage
incurred. The average direct farm damagc as=ured by these floods is estimated at
$134,000. The 1936 flood inundated a larger ares with consequent farm damages of
$28k, 000 because of its breaking into the farm area further north than the other
floods. The "average" small flood is considered as a composite of these two types,
tn& the damages resulting from a small flood are based on the flood frequence of
the 1936 flood type in relation to frequencies of other small floods. It is ex-
pected that one flood of every five will be of the 1936 type. Thus the average
damage to agriculturé resulting from a small flood is estimated as follows:’

I-B-3 Appendix I-B, Extract No._l



Direct farm damage $1.34, 000
Indirect farm damage 31, 000
Total damage P

Damage tc farms by a medium flood -- A medium flood will not only inundate
riore ares -than a small flood but will cause rore damage per acre. It is assumed
that the damage per acre by a medium flood would be 50% greater than on the acre-
age inundated by a small flood and that the same damage per acre would be in-
currad on the additional acreage inundated by a mediim flcod. .To illustrate the
method used, it is estimated that the average small flood will inundate sbout
9,000 acres, resuliing in damage of $165,000, or about $18.00 per acre. The
average mediunm flood will inundate 16,000 acres. Thus the damsge that may be ex.
pected from a mediur: flood are calculated as follows:

9,000 acres @ $27.00 ($.8.00 x 150%) $2L3, 000

7,000 acres €@ $18.00 = 125,000
Total damage $360, GOO

The assumptions used above are substantiated by a comparison of the 193
flood with other small floods. The 1936 floods not only inundated a greater
area but also caused greater damage per acre. The direct damage for a medium
flood is estimated at $295,000 and indirect damages of $7k,000.

Damage. to farms by a large flood -- Area inundated and damaged per acre
would be increased proportionately by a large flood. It is estimated that a
large flood would inundate from 20,000 to 25,000 acres, with damsge ranging from
$18.00 to $36.00 per acre. The resultant damage is estimated as follows:

Direct farm damage $528, 000
Indirect farm damage 105,000
Total damage $633, 000

Damage to farms by a great flood -- A great flood would probably inundate
as much as 30,000 acres. Damages would be great; perhaps complete crops loss
would be sustained on a considerable acreage depending on the season when the
flood struck. Crops not destroyed would be damaged by lack of irrigation water
because of destruction of the irrigation system. Xven after the 1936. flood it
was two wecks before irrigation water flowed in the Roosevelt Water Conservation
District caral south of the railroad. A great flood would pui the canal out of
usc for a longer time. The damage caused by a great flood is estimated as follows:

Direct farm damage $707 . 000
Ind.2ct farm damage 218, 000
Total damage $525, 000

LARGE IRRIGATION SYSTEMS

Kind of damage considered -- Up to 1949 the Foosevelt Water Conservation
District has invested almost $80,000 to protect its irrigation system. That
the protection afforded has not been adequate is shown by the fact that during
the period from 1930-19L45 the district spent about $55,00C sor canal repairs ne-
cessitated primarily by floods. One hundred twenty-seven breaks were made in
the main canal during the 1933 flood. Because of the existing flood hazard, no
attempt has been made to repair the ganal lining and water losses by seepage have
increased. Loss of irrigation water because of seepage, which occurs to some ev-
tent every yezr irrespective of flcogds, is considered as an indirect damage.

I-B-k Appeac .z 1-B, Extract No. 1



Direct damage to irrigation systems -- Direct damage includes damage to
irrigation systems such as canals and laterals, structures, and pumping equip-
ment and wells. It also imcludes damage to flood control structures built by
the irrigation companies to protect the main canal. On the basis of experienced
damages, direct damage to irrigation works varies from an estimated $41,000 for
an aversge small flood to $139,000 for a great flood.

| ‘ .

Indirect damage to irrigation systems -- Officials of the Roosevelt Water
Conservation District indicate that the present flood hazard makes it infeasible
to replace canal lining washed out by floods. As a result, seepage losses have
increased by an estimated 800 acre-feet annually. Because this loss must be made
up by additional pumping, the cost of pumping 1s used as the basis for evaluating,
this type of damage., The cost of pumping (1948) is estimated at L cents per acre-
foot of 1ift, For an average lift of 190 feet the cost is estimated at $7.60 per
acre-foot, ‘The total cost for pumping 800 gere-feet is estimated at $6,800
annually. No determination is made of the effect of the additional pumping on
ground-water level, Interruption of irrigation services because of damage to
1rrigation systems is included as an indirect farm damage.

DAMAGE TO HIGHWAYS & ROADS

Extent of highway and roads -~ About 200 miles of road are subject to flood
damage. Farm roads are located at mile intervals. Many miles of these roads are
‘hard surfaced, One Federal highway and one State highway traverse the area.

Demages to highways and roads -- Highways and roads leading away from canals
from water courses for flood flows when the canals are over-topped. These flows
cause some damage to the surface of the road, and more important, they do con-
glderable damage to the shoulders of the road. Indirect damage are important.
Highwater and washouts necessitate detours. Damaged roads resulting from a flooc
add to the cost of traffic moving over them. The road and highway damages are
estimated to vary from $93,000 for a great flood to $9,300 for a small flood.
About one fourth of these amounts are indirect damages. A small flood will isoe
late Williams Air Force Base for 24 hours or more causing considerable inconven-
ience to employees o commute to and from work.

DAMAGE TO URBAN AREA

Communities dameges -- The towns Higley and Gilbert have been flooded in
the past, Although Higley is flooded by practically every flood, damage 1s nom-
inal because of the low property valuation. Gilbert's most serious flood since
the construction of the Roosevelt Water Conservetion District canal occurred in
1933 when damages were over $20,000. Of the total, $2,200 was indirect damege.
The 1933 flood is classed as a small one, but past experience shows that all .
pmall floods do not damasge or even reach Gilbert. It is possible that the dike
above Roosevelt Canal, constructed since 1936, is sufficient to prevent some
small flood flows from reaching Gilbert. The 1946 flood with a low runoff and
low peak flow was intercepted at the outsklrts of Gllbert by the Eastern Canal.
T+ is probable that npt over the two small floods in 100 years would cause demase
arge floods would cause considerable damage in urban areas. The estimates urbe:
demage varies from $4,600 for a small flood to $98,000 for & great flood. Abcu%

15% of this amount is indirect damage.
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. DAMAGE TO RAILROADS & OTHER UTILITIES

Extent of damage -- Power lines and telephone lines, although rather numer-
ous throughout the flood damege area, are not subject to severe damage. Occasion-
ally, a few poles are washed out or loosened to the extent they have to be reset.
This repair cost, however, is nominal. Some damage has occurred on the Mesa-
Magma branch line of the Southern Pacific Railroad. The 1946 flood softened the:
roadbed near Higley. A major flood would do' considerable damage to a section of
this line. Such a flood would probably also damage the Southern Pacific main
line near Serape, south of Chandler. The estimated damage to railroads and other
utilities varies from $500 for a small flood to $40,000 for a great flood.

DAMAGE TO AIR FORCE. INSTALLATIONS

Williams Air Force Base ~-- This military base is located at the mouth of
Sand Tank Wash. Dikes are now being planned to divert floodwaters around the
alrfield. Maintenance of the dikes, throughtout strictly a floodwater damage,
entails additional costs necessitated by the flood hazard. The necessity for
these dikes would be eliminated by the recommended flood control program. There-
fore, the annual maintenance cost estimated at $600 per year is considered a
floodwater damage.

DAMAGE BY FLOODS IN LOWER QUEEN CREEK

Floodwater damages from Lower Queen Creek -- The proceeding estimates of
floodwaters damage includes only those damages arising from flood flows from the
Superstition-Bulldog area and Santan Mountains, the latter flows damaglng Chand-
ler Heights. The flows from Sonoqul Wash intermingling with flows from Lower
Queen Creek (below the authorized Whitlow Dam) cause additional damage estimated
at $11,900 annually. The estimate is based on a preliminary estimate by the
Corps of Engineers of $11,000 annually, based on 1946 prices. This estimate was
adjusted to 1948 prices levels by the use of price and cost indexes, These dam-
ages are distributed among the various types in the tabulation summarizing flood~

vater damages.
AVERAGE ANNUAL FLOODWATER DAMAGE

& Summary of floodwater damage -~ The estimate of average annual floodwater
‘damage is derived from damage-frequency curves, Damage-frequency curves vere
:developed by plottlng monetary flood damages against thelr respective frequen- -
“eies as shown'in the preceding section on hydrology.  Total floodwater damage in
the watershed, exclusive of those that will be prevented by the authorized Whit-
low Dam, smount to an estimated $135,000 annually as follows: . e

Type of Floodwater Damage Awe:age Annual Damage

Direct Indirect Totél
Agricultural .
Farms $ 78’ 590 $ %,égo L3 911;’ gso
Irrigation systems i 0 - 2080 ° 24,850
Subtotal . $ 59, 3ez>o . $ 27,240 $116,600 -
-Nonaégricuitural v .
Highways & roads $ 6,100 $ 2,000. $ 8,100
Urban & rural non-farm property 6,830 - 1,040 7,350
Railroads & other utilities 1,460 - 420 0
Military bases 600 : - = 600
Subtotal . $ 154,990 $ 3,40 $ 18,150 -
Total annual floodwater damages $10k4, 350 $ 30,700 $135,050

I-B-6 ~ Appendix I-B, Extract.No, 1
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APPENDIX I-C

PROPOSED ARTIFICIAL RECHARGE ASPECTS OF FLOOD CONTROL SURVEY
FOR_SOUTHEASTERN MARICOPA GOUNTY

INTRODUCTION

l. General: One of the most critical problems in the Southwest at present is

——

the diminishing ground water supply. The year-to-year decline in volume of
vater available - the average yearly overdraft on the ground water reserves in
Arizona alone is approximately four million acre-feet - is illustrative of the
inability of precipitation to naturally recharge water to the aquifers at a
rate commensurate with the withdrawe'. In order to maintain even the present
population and prevent further land subsidence in this regio#, a method rmust be
found to slow or stop the depletion of the ground water suppiy. Artificial
ground water recharge can be the method by which this is accomplished.

2. Runoff: At present, flood runoff generally flows uncontrolled averland
and down natural desert drainages cagsing,atﬂtimes, considerable damage en-
route, Very little, if any, beneficial use ;s made of the flood runoff on the
ground surface, and probably only & small ambunp ever reaches the ground water
table. Most of the water is lost by evapotrépspiration. To control flood run-
off by means of detention basins, and put excess water undergrcund by artificial
means would in some cases reverse the downyard trend of the water table, and
in all areas slow the rate of depletion of ground water reservoirs.

3. Sewage Effluent: Artificial recharge facilities can be planned so sewage
affluent can be given minimum treatment and handled along with flood runoff by
means of these facilities.

4. Other Benefits: Other arguments for underground storage »>f water suggested

by our new mode of life are namely: There is less danger ficm fallout contaminn-

tion and bembing, and sabotage would be more difficult.



SEOLOGICAT, ANALYSIS OF TIHE AREA

1. General: In this section a geologlcal analysis of the area is made with

D SO

regard tc method of Investigation and general description of the geology.
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a. General: Geological maps of Maricopa and Pinal Counties published by
the Arizona State Burcau of Mines provide information on thz broad geological
setting of the areca of study. These maps, however, fail to provide suffliciently
Gevailed information on the nature of thc Quaternary sedimentary fill which
would be the recharge aquifer. To study the fill and locate suitable recharge
aguifers, drillers logs of water wells throughout the area were studied. Appro::-
imately 600 loss were reviewed and 190 sclccited for use. Logs gypical of those
selected are given in Appendix C, Table No. 3. These logs were obltained fronm
the files of the U. S. Geological Survey, Arizona State Land Department, and
the Chandler leights Irrigation District. Location of the wells used are shown
in Appendix C, Plate No., 1.

b. Drillers Logs: In reviewing the drillers' logs, special emphasis was
placed on locating a sedimentary facies near land surface which is coarse text-
ured and covers a broad area. Such a unit was sought because 1t could be easily
recharged and could transmit large quantities.of water. Isopach maps, Appendix
Cs Plates No. 1 and 2 give the depth of overburden and thickness of the gravel
bed selected. Contours of the bottom of the gravel unit indicate the geologic
structure of the areca. Appendix C, Plate No. L.

c. Shallow Borings: Accuracy of the isopach map of the overburden wes
checked by 10 shallow borings made in areas vhere recharge facilities appeares
feasible. In all cases where the boring could be completed, the gravel hbad
vas intersected by the drill at the depth indicated by the map, or at a sligui’
shallower depth. (Appehdix C, Tehble No. 1). Logs of “hese borings ave =7

in Appendix C, Table No. 2.
I-C-2



3. General Geological Description: The general description of lithology and

geologic structure is presented in the following sections for parts of the
area under survey where sufficient data are available.

a. Lithology: Drillers' logs indicate the unit selected for recharge to
be a clean gravel locally mixed with small amounts of firer gralned material.
Near Mesa this description was found true in borings into the gravel.

West of the Town of Quecen Creek, the unit chosen was described by drillers
as a sand. Moderate grading of the unit is indicated in this area by & greater
volume of finer grained intermixed sediment. This description was confirmed
by bore hole information. East of the Town of Queen Creek and along Queen
Creek both drillers' logs and additional bore holes indicate a rapid coarsen-
ing of sediment toward the head waters of Queen Creek. This change is not
accompanied by better sorting, although grading of the sediments is not as pro-
noqnced and results 1n less fine grained sand and silt with the gravel.

Locally, throughout the unit selected silt and clay beds occur among the
gravels. These sedimentary facles are so small and irregular in extent they
could not be traced using logs of water wells, except in the area north of
‘queen Creek in T2 S, R 7 E. Here, silt and clay beds are more prominent in
the unit selected and are shown on a geologic cross section drawn through the
area. (Appendix C, Piate No. 5).

b. Structure: Structurally the unit follows the general topographic fall
of the land surface from east to west. This feature 1s shown on geologic sec-
tions in Appendix C, Plate No. 5. The true profile of land surface is not on
the cross sections,. but rather, points of equal thickness of overburden; aqui-
fer material, and structure of the bottom of the aquifer are shown. These
features were determined from Appendix C, Plates Nos. 2, 3, and L.

Folds and faults in the area qould not be detected because of the nature

of the sediments and type of subsurface information available.

T-C=3



c. Volume of the Aquifer -
From data given in Appendix €, Plate No. 3 and depth to water data avail-
able from the Geological Survey, the following hydrologic characteristics have

been determined for various sections of the recharge unit.

Average Assumed. o
Extegt Thickness Volum§ Specific Rechargg
Area mi<) (££) (109ft ) Intake .~ (10/ft->) (10~ acre-ft)

Queen Creek ' 30 50 L5 15% 7 160
Higley 20 50 30 20% L 90%*

Salt River-

Gilbert-Chandler- :

Mesa 110 100 310 20% 62 1, 400

*Estimated one-third decrease in recharge capacity based presence ground water

For the area south of the Salt River Mountéihs insufficient data is available
to make an interpretation of the geologic structure and lithology of the subsur-
face sediments. !However; logs of the few water wells drilled in fﬁé,area indicate
an extention of the recharge unit to this locale where it is exposed at lend sur-
face. Based on the presence of the recharge aquifer and depth to water data téken
from one well, we believe ample recharge capacity exists in this area.

HYDROLOGIC ANALYSIS

1. General: The hydrologic data used in determining size of rechargéhfééilities
is shown in Appendix C, Table No. 4.

Recharge rates and design characteristics for dry and wet pits -suggested for
use (Appendix C,Plates.No.5&7 ), are based on results obtained through laboratory
and field tests carried out in Arizona and glseﬁhere in the United States by
governmental and private agencies. However, the results of research under way
are needed to determine whether or not a pea gravel filter and developed "schmu-
tz&ecke" in the wet pits can operate successfully under prevailing conditions.
The chemical and physical characteristics of the filter and/or flood water may
require alteration to make filtering éffective.

2. Cotton Gin Trash: Tests by the Agricultural Research Service, United States

Department of Agriculture in Calitornga has shown that cotton gin trash incorpor-
I-GrL



ated intc “he top layer of soil increases infiltration rates about five fold
for a seven-month period of flooding (3). The organic matter must be de-
composed, however, before it is effective (2nd year) and then remains effective
for about five years.

3. Mesa-Chandler Area: The design recharge rates and optimm yields, which is

essentially sewage effluent, for the facilities proposed for the Mesa and
Chandlér Recharge Areas'arg based on sewvage effluent rates adaptedifrqm the
Tucson system, and estimated flood runoff which could be handled by thééé facil-
ities. |

L. Stage Development: The recharge rates suggested, Appendix C, Plate No. 6

arc conservative when compared with rates experienced elsewhere; hence the
facilities should be developed in stages at each location to determine actual
site requirements with: regard to capacity.

PROPOSED RECHARGE FACILITIES

1. General: The proposed recharge facilities to be discussed in this section
fall into two categories. .The first group are facilities to handle controlléd‘
flood runoff from detention basins providing, besides the very important func-
tion of conserving water, a means of disposing of flood water. The second

~ group are facilities which would not only handle treated wasie water such as
domestic and industrial sewage effluent end tail-water from irrigated areas,
but would also conserve undetained flood runoff during the short periods when
flow is available. It is realized that only a small reduction is possible in
flood peak discharge and volume. ‘

a. Recharge Areas: The recharge areas have been selected after careful
consideration of the availability of water,geology, value of land, utility, and
possible beneficial use of water recharged.

b. Chlorination: Chlorination is required to kill microorganisms and

microflora which cause a reduction in infiltration rates with time. For dry

I-C-5



pits - vecharging only short periods of time, occasional heary
dcses of chlorine would probably be satisfactory. However, for wei pits,
(Appendix C, Plate No.,6), recharging constantly, a steady gpplication ol 3
to 4 ppm chlorine would be required.

2. Primary Proposed Recharge Facilities: The primary proposed recharge faclli-

ties for handling detained flood runoff would be developed in t@e follicwing
four areas, |

a. Upper Queen Creek Recharge Area: This area would encompass TEE;S;
R 8 E, Section 21, and east one-third Section 20. The design charactéristics
of the recharge pits are given in Appendix C, Plate No. 7 and Appendix C,
Plate No. 6, The development of this recharge area has potential béyoﬁd‘just
the conservation of flood runoff from Queen Creek in that flows from the Scil
Conservation Service (SCS) detention basins south of Apache Junction could be
recharged in this area, possibly alleviating the load in Roosevelt Canal when
overtexed. Further, if desired, water could be diverted from the Central
Arizona Project Aqueduct at this point and recharged. Besides providing flood
control aspects the recharged water replernishes badly depleted ground water
basins which supply cities like Chandler Heights and Queen Creek, and irrigs-
tion digryi«is in the area. ({Appendix C, Plate No. 5).

b. Timwper =it River Recharge Area: This area would consist of a strip
300 feet wide st two adles long on the left bank of the Salt River sterting
west of the cnhis i of the flood channel draining water from the SCS detentica
basins north ~f &-eciie Junctlon. A diversion structure on the channel would
é@irect water inio *vg‘rachagge pits. The design characterigtica of the re-
charge pits are given in Appendix C, Plate No. 7 and Appendix ¢, Plate No, 6.
Recharging the water by means of pite is recoumended as opposed to emptying
directly into the Salt River since the water can be pleced deep enough in the

aquifer to prevent unbeneficial evapo#ranspiration losses. Water could slso

)



be diverted from the Central Arizona Project Aqueduct at this point and re-
chargedt Further, if desired, water could be released from the Salt River
Project reservoir system and recharged in this area.

c. Lower Queen Creek Recharge Area: This area would utilize land in
T2S, R6 E, between the Robsévelt Canal and éueen Creek in Sections 10, 11,
15, and 22. The design characteristics of the recharge pits are given on
Appendix C, Plates No. 6 and 7. Besides handling detained flood runoff from
the Santan Mountains area (above Hunt Highway) and water released into the
Roosevelt Canal from SCS detention basins south of Apache Junction, this area
could be used for recharging sewage effluent and part of the uncontrolled flood
runoff from Williams Air Force Base. Further, if desired, additional water
from the Roosevelt Canal could be recharged in this area. If the flood runoff
from the SCS detention basins south of Apache Junction are not released for
recharge, the facilities in this arees should be designed for flood runoff from
the Santan Mountein area and Williams Air Force Base. Again, besides pro-
viding flood control aspects, the water recharged replenishes badly depleted
ground water basins which supply cities like Chandler Heights and irrigation
districts in the area.

d. Salt River Mountains Recharge Area: This area would be located in
T 2 S, R 3 E, southwest corner Section 21. The design characteristics of the
recharge pits are given in Appendix C, Plates No. 6 and 7.' Bé8idés'h8ndling
controlled flood runoff from the Salt River Mountains, this area could be usad
to recharge sewage effluent from Mesa; Gllbert, and Chendler and part of the
undetained flood runoff in the Gils Draln. Further geologic exploration in
‘this ares is strongly urged because, if the serial extent of the gravel re-
charge unit exposed at land surface 1s considerable, low-cost basins could be
constructed to recharge large quantities of fleod runoff diverted from the

Gila Drain. Water recharged at this point would replenish ground water basin:
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which supply wells in this area.

3. Secondery Proposed Recharge Facilities: The secondary proposed recharge

facilities for handling treated waste water such as domestic and industrial
sewage effluent (assuming detergents can be removed), irrigation tail-water,
and part of the undetained flood runoff could be developed in the following
two areas.

a,» Mess Recharge Areas:; Because of geologlc considerations these recharg:
ereas would have to be located in T 1 N, R 5 E, north central edge of Section
31, and in T 1 8, R 5 E, northeast corner of the northwest quadrant of Section
L. Both of these locetions are within the projected future development of the
City of Mesa. The design characteristics of the regharge facilities are given
in Append;x C, Platea No. 6 and 7. Because of the continuous flow of sewage
effluent, the quantity of water that can be recharged is guite large in com-
parison vith quantities handled by facilities primarily concerned with flood
control. Undeteined flood runoff from Mesa could in part, however, be re-
charged by these facilities. The water recharged would benefit cities like
Mesa and Chandler, and irrigation districts in the area.

b. Chandler Recharge;Area: Because of geologic condifions in this ares
consideration should be giQen to rechaﬁge by shafts instead of pits. A
suggested system might.conéist of 8 15 acre grass covered park located west of
Cbandler. The park should be graded to drain into & one acre lake which i1s un-
derlain by a pea gravel fllter. Filtered water would move downward through the
pea gravel into collection pipes which would supply gravel back-filled shafts
drilled through 80 feet of overburden and 140 feet of recharge unit. The con-
trolled filtration rate for an acre of pea gravel is 20 acre-feet per day (2).
Thus four feet of flood runoff (60 acre feet) detained in the park area would
be recharged in a three day period. In addition, treated sewage effluent from

Chendier could be handled by this recharge facility. The water conserved - i~

T8l



be of direct benefit to Chandler and irrigation districts in the area.
(Appendix C, Plate No. 5).

ECONOMIC ANALYSIS

1. General: The feollowing economic analysis 1s based on estimations and
assumptions, This analysis, however, does indicate overall economic feasibil-

1ty of ground water recharge in the survey area.

2. Determination of Cost Per Acre-Foot of Water Recharged: For determination
of cost per acre-foot of water, the lower Queen Creek Recharge Area was selected
&s an area which would reflect the average conditions of all recharge areas.
(Appendix C, Plates No. 6 and 7.

50 Year Economic Life

First Cost:
Cost of Land: 230 ac. @ $500/ac $ 115,000
Cost of excavating recharge pits @ $0.15/yd -252, 000
Intake channel and control structures 75,000
Sub-total $ LL2,000
Contingencies @ 10% 4L, 000
Sub-total $ 486,000
Engr, and Admin. @ 10% L9, 000
Sub-total $ 535,000
Interest during construction @ 6% 35,000
Grand Total $ 570,000
Annual Cost: |
Amortization and Interest @ 3% $ 22,100

Operation & Maintenance
- Bvery 10 yrs remove 0.5 £t sediment

and 0,5 £t affected aquifer from pits $ 1,000
Conditioning of pits with gin trash every 5 yrs $ 500
Chlorination @ $1.00/ac ft of water recharged $ 5, 000
Administration 3 1,000

, Sub-total $ 29,600
Misc. @ 5% 1,500
f Grand Total § 31,100

Cost per acre-foot of water rechargad
(k4,530 ag’ft of water recharge& pér yr,
Appendlx C, Plate No, 6 - _ $ 6.87

I-C-9



3. Cost-Benefit Ratio: The cost-benefit ratio calculations are based upon

the following assumptions and estimations.
a. The cost of operation and maintenance, administration. etc., remaine
the same during the economic life.
b. Cost to lift 1 ac f£i/ft of 1lift is $0.0k.
e, Present average 1ift in survey area is 250 ft (based of US Ceol.
Survey data).
d. Drop in ground water levels (1) in the survey area 1s 5 ft/yr.
e, Overdraft on ground weter reserves in gurvey areg is 100,000 ac ft/yr,
f. Volume of water to be recharged artifically (Apvendix C, Plate No, 6)
is 20,000 ac ft.
Volume of above water which would he recharged naturally - 10,000 ac
fuhv,
¥olume of water to be effectively recharged artifically - 1C,000 sc

£t /yr.

g. Decrease in drop in ground water levels due to effective artificial re-

charge: 10,000 X 5 = 0.5 ft/yr.
160, 000

h, Totel volume of water pumped in survey area is 700,000 ac £t/yr,
1. Benefit first year fppm decreased lift: 0.0k X 0.5 = 0.02 ac ft,
Total for water pumped = 0.02 ¥ 700,000 = § 1k,000
Benefits second yeer: 0.0k X 1,0 = 0.0k ac ft.
Total for water pumped = $0.0L X 700,000 = $28, 000
Jv Gost for artificlal recharge: 20,000 X $ 7.00 = $ 140,000 / yr.
K, Copt for artificial recharge per ac ft of water pumpéd in the survey
&Fgﬁix-§¥E§;Q@O/7QQ,QQQ'§'§Qg?0f-ag ol
As c.en from items 1 and k above and in Appendix C, .Plate No., 8, a deficit
will occur during the first ten years of the project if interest is disregarded.

The benefite, reduction in pumping costs due to the decreasing rate of water



table decline, are egual to the annual cost of recharge at the end of this ten
years.

An interest rate of 5% was used in the present worth analysis shown in
Appendix C, Table 5, to obtain a benefit-cost ratio of about 3:1. The bene-
fit-cost ratio will depend upon the interest rate used.

4. Discussion:

a, Assumed and estimated values used in the gbove cconomic analysis are
believed to be of & conservative naturet

b. The benefits which would be redlized through prevention of flood dam-
ages and saving in cost of channels by artificial recharge of flood runoff have
not been considered in the above analysis.

e. Purther, the benefits which would be realized because agriculture in
the survey area could remain in operation at the present scale for four extra
years becaguse¢ of the delay in the drop of the water table below the economic
level have not been considered in the above analysis.

SUMMARY AND CONCLUSIONS

1, The presence of the excellent coarse-grained recharge unit, with limited
overburden in many agreas, presents the opportunity for pit recharge, which is
ggrtainly one qf the bettervmgthods avalleble with regard to economic and techni-
cal considerations.

2. Artificial ground water recharge,when used in conjunction with detention
facilities,can be effective for disposing as well as conserving flood runoff.

3. The design rates used are conservative where compered with rates experienced
elsewhere, Hence, the facilities should be developed in stages to determine
actual site requirements with regard to capacity.

%, The recharge areas have been selected after careful consideration of the
avallability of water, geology, value of land, utility, and possible beuelicial

e of water rechargcd,
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5. A com:let: zconomic ‘nalysis should be made; however, the sxol
~lthough hased -7 numerc:.  estimations and ess.mptions, which arv bLelleved to be
«n the conservati.ve side; indicates that artificial recharge zs presented 1s sc-

».oomleally favorcnse,
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APPENDIX C

TABLE 1
Test Bore Hole Results:
Io. Location Predicted Depth Actual Depth Remarks
To Gravel (ft) To Gravel(ft)
1 T1S, R3E
Sec 9 beb¥ 40 - 50 L8
2, T15, R5E
Sec 7 cbb L0 - 60 hy
3s T1N, RSE
Scc 33,caa 20 - 30 Unatle to penetrate
caliche below 15°'
depth.
/. T2S, RTE
Sec 19,bbb 20 - Lo 22
5. T1E, RSE
Sec 33,daa 20 - 4o Unable to penetrate
caliche below 19'
depth.
5b. 25 ft. West
of #5 20 - 40 Unable to penetrate
caliche below 19'
depth.
6. T2S, R7E
Sec 17,ccd 20 - 30 25
7 T2S, RTE
Sec 25,abb 10 - 20 20
8 T2S, R6GE
Sec 10, ddd 20 - Lo 18
a T2S, REE
Sec 22,bce 10 - 20 15
10 T25, ROE
Sec 20, a - L5

* Lower case letters indicate location with section according to the U. S. G. S.

well numbering system.
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APPENDIX "C"

TABLE

Test Bore Hole Logs

#1 Location:

Date: Nov.

T18, RSE, Sec. 9, bed
26, 1961

Depth Below Ground Surface (f%.)

0 -
15 -
20 -
24 -
L7 -
L8 -
49 -

#2 Location:

te:  Nov.

0~
12 -
18 -
28 -
37 -
LL -

#3 Location:

Date: Nov.

o -
5 -

10 -

15
20
2l
bt
43
L9
51

T1S, RSE, Sec. 7 cbb
28, 1961

12
18

28

37

L

50

T1N, RSE, Sec. 33, caa
28, 1961

p)

10

13

15

NO. 2

Lithology

Send with silt

Caliche cemented sand & gravel

Clay wit% caliche

Clay with caliche & some pebbles

Medium Grained Sand

Medium sand with coarse gravel (1/2-3/L4")

Medium sand with gravel & cobbles (2")

Silty sand with clay

Sand & gravel with caliche
Clay with caliche

Clay with caliche & pebbles
Medium grained sand with silt

Gravel (1/2-3/4") Cobbles (2'-4") &
coarse sand

Sandy silt
Silty sand

Sand

Caliche cemented medium sand, gravel

(1/2-3/4") & cobbles ( 3" )

Stopped drilling at 15 ft. because of
hardness of caliche. = -

I-C-16



TABLE NO. 2 (cont.)

#: Locaticn: 128, R7E, Sec. 19,bbb -
Date: HNov. 29, 1961

Depta 3elow Ground Surface (£ ) Lithology
0 - 10 Silty sand
10 - 13 Silty sand
1z - 17 Sand with clay
i7 - 22 Sand with clay & caliche
22 - 30 Fine to medium grained sand
At 27' - 1' of clay & caliche mixed

with the sand, but at 20' sand be-
came coarse & was mixed with pea

gravel.
#5a Location: TLN, RSE, Sec. 33,daa
Date: Nov. 28, 1961
0 -5 Sand with silt
Lo~ 14 Clay & sand with caliche
14 - 18 Sand cemented with caliche
18 - 19 Sand, gravel & cobbles cemented with
caliche

Stopped drilling at 19' because of
hardness of caliche

#5b Location: TIN, R5E, Sec. 33,daa - 25 feet west of test hole #52.
Date: Nov. 28, 1961

0 - 10 Clay with sand
10 - 12 Clay with sand & caliche
12 - 15 Hard caliche cemented sand

8topped at 15' because of hardness

#6 Location: T2S, RTE, Sec. 17,ccd
Date: Nov. 29, 1961

0-29 Silty sand
9 - 12 Silty clay with sand
12 - 17 Medium to fine grained sand with
pea gravel (red).
17 - 25 Silty clay with some caliche
25 - 30 Medium to fine grained sand with clay

lenses up to 8" thick
TegalT |



TABLE NO. 2 (Cont. )

#7 Location: T2S, RTE, Sec. 25,abdb
Date: Wov. 29, 1961

Depth Below Ground Surface (f%.) Lithology
0-2 Silty sand
2 - 13 Medium grained sand with layers of
silt up to " }hick
13 - 18 Cobbles, gravel & sand with some silt
18 - 20 Clay & silt wlth pebbles
20 - 30 cand with pebbles

#8 Location: T2S, R6E, Sec. 10,4dd
Date: Nov. 29, 1961

0 - 18 Silty sand
18 - 25 Dry ic s medium to coarsa sand with
some gre

Scepre” drilling because of caving.

# Location: T2S, R8E, dec 23,bce
Date: Nov. 29, 1961

0-15 5ilty sand
15 - 23 Cobble., :revel & sand with some silt
which oo . 2ased with depth.

#10 Location: T28, R9E, Sec. 20, a
Date: Nov. 29, 1961

0 - 4.5° Silty sand
h.s - 7 Boulders with sand & silt

Stopped drilling at 7' because of
coarseness of material.
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APPENDIX C

TABLE NO. 3
Logs of Representative Wells
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Logs of Representative Wolls:

Location: (A-1-5) 7 cedh
Source of Well Log: U. 3. Geclogical Surver-Grauad Water Branch

Depth Below Surface (ft.) Lisholose Deseription

o -2 Soll
. Clay & caliche
9 - 11 Caliche & gravel

11 - 52 Boulders

52 = 92 Sand, gravel & DBoulders
92 - 98 Gravel & clay

75 - 200 Gravel & cemented gravel

& sand
205 - 216 Clay

Loecation: (2-1-5) 36 aaa
Source of Log. USGS - Ground Water Branch

0 - 1957 Sand & clay
lor - 220 Doulders
22¢ -~ 240 Sand
2Lo - 280 Boulders
260 - 32¢ Clay
320 - k50 Sand & clay

T=C~20



Location; (D-1-%) 14 coc

Source of Log: USGS - Ground Water Branch

Depth Below Surface (£t.)

0 -

[
A2

182 - 212

2a3 - 261

Location: (D-1-5) 24 dbvb

Source of Log:
Q- 15

15 - 52
52 - 100
10C - 102
102 - 128
128 - 185
185 - 200
200 - 215
215 - 275
275 - 300
300 - 315

315 - 520

TABLE 0. 3 (cont.)

USGS -~ Ground Water Branch

I-C-21

Lithologic Deseription

o

Soil
Caliche
Bouldars

Clay & Boulders

€lay

Cemented sand & boulders

Clay

Soil

‘Hard clay

Sandy clay

dard clay
Caliche

Conglomerate

‘Cemented gravel

Band & boulders

Boulders
Clay
Sand & boulders

Clay



Locaticn: (D-1-6) 15 baa
USGS - Ground Water Eranch

Source of Log:

Depth Below Surface (f£t.)

0
20
25
60
65
87

110
113

12

20
25
60
65
87
110
113

142

TABLE NO. 3 {coni. )

Lithologlic Teoseriatis

N

Caliche

Sand

Cley

H« ¢ caliche
Ly vlay
Gravel & boulders
Ciay

Clay & caliche
Sand, gravel & boulcar
Sai:dstone & clay
Sead & gravel
Clay

Sand % gravel
Clay

Sand

Clay

I-0-82
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~~

Location: (D-2-3) 1 aaa
Source of Log: USGS - Ground Water Zranch

Depth Below Surface (ft.) Lithologic Description
0 - 3 Soil
3 - 23 Sandy clay
23 - 26 Sand
26 - ko Caliche
k¢ - 50 Sand, clay & gravel
50 - 93 Sandstone
5 - 211 Large gravel 2 boulders
211 - 215 Clay
215 - 2k2 Sand, gravel % boulders
242 - 268 Clay
268 - 283 Coarse gravel
288 - 371 Clay with hard shells

Location: (D-2-3) 20 dbe
Source of Log: Arizona State Land Department

0 -4 Soil

4 - 8 Caliche

8 - 16 Fine sand
16 - 30 Caliche

30 - L9 Coarse sand
kg - 163 Gravel
163 - 176 Clay & sand
176 - 190 Gravel
190 - 196 Clay & sand
196 - 202 Fine sand
202 - 220 Clay & caliche
220 - 231 Fine sand
231 - 232 Clay

I-C~23



Location (D-2-6) 11 be

Source of Log: USGS - Ground Water Branch

Depth Below Surface (ft.)

0-7
T =4
17 - 36
36 - 60
60 - Th
74 - 100
100 - 107
107 - 136
136 - 143
143 - 1k9
149 - 160
160 - 162
162 - 206
206 - 220
220 - 301

Location: (D-2-7) 15 da
Source of Log: USGS - Ground Water Branch

0-3

3-20
20 - 2k
2 - 36
3% - L2
ha - U6
46 - 52
52 - 60
60 - 69

TABLE NO. 3 (cont.)

I-C-2k

Lithologic Description

Soil

Hardpan

Dry sand & gravel
Caliche

Dry sand & gravel
Clay with gravel lenses
Sand & gravel
Clay & caliche
Sand & gravel
Clay.

Sand

Hard cement

Clay & caliche
Hard caliche

Clay & caliche

Silt

Sandy clay

Gravel

Clay & conglomerate
Clay with gravel
Sand

Cley & gravel

Glay streaks

Sand & gravel



TABLE NO. 3 (CONT.)
Iocation: (D-2-7) 15 da (cont'd)
Source of Log: USGS - Ground Water Branch

Depth Below Surface (ft.) Lithologic Description
69 - 92 Conglomerate with clay
92 - 108 Clay & caliche

108 - 11k Sandy clay

11k - 126 Gravel

126 - 135 Clay & sand

135 ~ 160 Sandy clay with conglomerate
streaks -

160 - 165 Gravel to 3"

165 - 168 Clay & caliche

168 - 183 ravel to 5"

183 - 193 Clay

193 ~ 224 Sand & gravel to 2"

224 - 237 Clay

237 - 2hs Sand & gravel to 2"

24s - 270 Clay & caliche

270 ~ 278 Sandy clay

278 - 302 Sandy clay

302 - 307 Clay & gravel to 1"

307 - 316 Sandy clay & gravel

316 - 342 Clay

349 - 355 Sand & gravel to 1"

355 - 378 Clay

378 - 382 Fine sahd

382 - 389 Gravel to 1"

389 - L4o Clay
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Location:

Source of Log:

Depth Below Surface (ft.)

(D-2-7) 31 abe
Chandler Heights Irrigation District Office

(p-2-8) 21 a
USGS - Ground Water Branch

0 - 15
15 « 75
75 = 135

135 - 280
280 - 345
345 - 380
380 - 385
385 - k1o
410 - k30
430 - 470
k70 - 5k45
545 - 605
605 - 655
655 - 675
675 - 730

Location:

Source of Log:

0-5

5 - 12
12 - 115

115 - 13k
134 - 210
210 - 225
225 - 230
230 - 264
264 - 340

TABLE NO. 3 (cont.)

I-c-g6

Lithologic Description

Sandy clay

Sand & gravel

Sandy clay & gravel
Sand & gravel

Sandy clay

Sand, gravel & clay

Granite wash

Sandy clay
Clay
Sand - hard

Cemented sand & rock
Gravel, sand & rock
Send, clay & gravel
Sand & granite wash

Sand & gravel

Soil

Clay & gravel
Gravel & boulder
Clay & gravel
Dry gravel

Clay

Clay

Gravel with cemented sand at
the top

Clay
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APPENDIX C

TABLE NO. L

Reservoir Yield Data and Recharge Water Siltation loads

Ares Drainage Area  Average Annual Optimum Yield Design Silt
’ Runoff Recharge Load
Rate (ac - ft.)
(c.f.s.) per yr.
(square miles) (scre-feet) (acre-feet}
SCS #1 (south of Apache
Junction) 133 L, 000 3,680 - 160 2.1
scs #2 (north of Apache ;
Junction) Lo 1,2%0 1,130 160 T
Whitlow Reservoir 143 6,480 6,100 830% 3.7
Quesns Creek (above 1600'
contour including Whitlow
Reservoir) 217 9,100 8,700 ~.260 5.2
Santan Mountain Area
(above Hunt Highway) 30 930 850 " ko .5
Salt River Mountains
Area (above High Line
Canal.) 3k 1,180 1,090 ‘50 T
Total L5k 16,450 15,450 T 9.2

*¥Design ischarge from Whitlow Reservoir represents inflow in Queen Creek Detention & Debris Barrier

Reserveir, the design discharge for which is shown on Line k.



APPENDIX C

TABLE 5

Present Worth Analysis Giving Cost-Benefit Ratio With Interest @ 5%

Net Present Accum. Net Present Accum.

Cost Worth Present Cost Worth Present
Factor Worth ‘Factor Worth
1960: 1 0.20 0.952 0.190 11 0.00 0.585 0.000
2 0.18 0.907 0.354 12 0.02 0.557 0.011
3 0.16 0.86k4 0.492 13 0.04 0.530 0.032
L 0.1k 0.823 0.607 14 0.06 0.505 0.603
5 0.12 0.783 0.701 15 0.08 0.481 0.101
6 0.10 0.746 0.776 16 0.10 0,458 0.147
7 0.08 0.711 0.833 17 0.12 0.436 0.199
8 0.06 0.677 0.873 18 0.14 0.416 0.257
9 0.04 0.645 0.899 19 0.16 0.396 0.321
1970: 10 0.02 0.61L4 0.911 1980: 20 0.18 0.377 0.388
11 0.00 0.585 - 21 0.20 0.359 0.460
22 0.22 0.3k2 0.536
Total Present Worth 23 0.2k 0.326 0.614
" of Net Costs = 0.911 2k 0.26 0.310 0.69k
25 0.28 0.295 0.777
Cost-Benefit Ratio = 2.817 : 0.911 26 0.30 0.281 0.861
: 27 0.32 0.268 0.947
= 3.09 or 3 28 0.34 0.255 1.034
29 0.3 0.243 1.121
1990: 30 0.38 0.231 1.209
31 0.40 0.220 1.297
32 0.42 0.210 1.385
33 0.4h4 0.200 1.473
34 0.46 0.190 1.560
35 0.48 0.181 1.647
36 0.50 0.173 1.734
37 0.52 0.164 1.819
38 0.54 0.157 1.90k
39 0.56 0.1k9 1.987
2000: Lo 0.58 0.1k2 2.070
L1 0.60 0.135 2.151
L2 0.62 0.129 2.231
43 0.64 0.123 2.309
L 0.66 0.117 2.386
Ls 0.68 0.111 2,462
L6 0.70 0.106 2.536
L7 0.72 0.101 2.609
L8 0.74 0.096 2.680
L9 0.76 0.092 2.750
2010: 50 0.78 0.087 2.817
Tota% Present Worth of Net Benefits = 2,817
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Cross Section of Recharge Pit & Design Features

Recommendations For Dry Pit: Bottom
Length of 2,300 ft. (proevides recharge
area of four acres/Pit),

Original land surface

NATURAL GROUND
: . 7 : Backfill
T L L L ALL LETL & ]

I 27l e e Overburde

FARARRARANN

Coarse Grained
Recha.rqg Unit

=
&

NOTE: End section provides 4,545 sq.ft.
of recharge area - 520 ft. bottom
length provides recharge area of one acre.

1. DRY PITS: Recharge rate - 20 acre-ft/acre/day using 3” of cotton gin trash spaded into pit surface.
Recommended for following recharge areas - Upper Queen Creek, Upper Salt River,
Lower Queen Creek, and Salt River Mountains.

2. WET PITS*; Recharge rate - 25 acre-ft/acre/day using 6" of pea size gravel (1/4”-1/2").
Recommended for Mesa Recharge Areas. 4

*Differeptiation of pit type is based on the fact that ”dry pits” receive flow only during flood .runoff period
and "wet pits” receive continuous flow throughout the year. Pits, if saturated continuously, develop a
schmutzdecke (responsible for filtering sediment) and thus retain higher recharge rates.
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Characteristics of Recharge Areas & Recharge Pits

Recharge Description Deﬁh Thid;’f‘ess Drainage Area Design Optimum Pit Recharge |Total Recharge
Overburden | Aquifer Recharge Yield Area (Acres) |Rate -
Rrea - Size | Fote (Ao-ft/day)
Size (£t) (£t) Description (cfs) (acre-ft. f¥r.)
F Legal (A¢ re Bai)
Upper T 25, R8E Queen Creek
l Sec. 21 & East 850 18 100 (Including 220 1,180 8,700 120 2,400
Queen 1/8 Sec. 20 Whitlow
Reservoir)
I Creek
| Strip 300’ by SCS Detention
Upper 2 mi. South bank ; Basins North
Salt River start-| 80 10 100 of Apache 40 160 1,130 16 320
I Salt ing West of SCS Junection
Flood Channel
River
T 25, R6E SCS Detention *
I Lower Between Roosv. 400 Basins South of 133 500 3,680 50 1,000
Canal & Queen Apache Junction
Queen Creek in Sec. 10
I 31, 15, & 22 Santan Mt. Area 30 120 850 12 240
Creek 100 18 50 (above Hunt Hwy)
l 500 . Totals: 163 620 4,530 62 1,240
f
Salt T 25, R3E Salt River
| Sec. 21, SW Mountains
River Corner 60 0 60 (above High 34 150 1,090 15 300
Line Canal)
I Mountains
I Mesa T 1N§ RSE
Sec. 31 North 7 20 - 30 100 - 120 | West Mesa 5 10 1,200 0.8 20
I Recharge Central Edge
Areas T 1S, RSE
Sec. 4, N.E. 22 20 - 30 140 - 160 | Central Mesa 16.5 33 4,100 2e7 66
I Corner NW Quad.

If the flood runoff from the SCS detention basins south of Apache Junction are not
be designed only for flood runoff from the Santan Mts. Area.

released for recharge, the facilities in this area should
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‘0 XIAN3ddV

8 ON 31V7d

SYV110d NI 1004 — 34OV ¥3d Y¥31vm 40 1S0D

ECONOMIC ANALYSIS — GRAPH ILLUSTRATING
COSTS WITH AND WITHOUT RECHARGE

FIGURE R-7

PRESENT MAXIMUN ECONOMIC PUMPING COST

INCREASE

IN PUMPING

JOHVYHO3Y SHV3IA OS HLIIM
NONDOIYOY 40 34171 A3AN3LX3
NOD 394VHO3Y 4l 3417 wH1X3

3 T e ol U, S j %_'1\
20.00 ~J] H-
. A ol //
/ <4
— — I / / -+
{ /’ . !
N - ﬁ_p,_.__i,__. ..( //
WITHOUT RECHARAGE —S B
i 3 . e = _—+WITH RECHARAGE
i //
L]
L e !/__ +— - ’
| | | |
e = i ¢ e T
Ly
~~~~~~ — " o e hes
/ Al AN e ¢!ied b o | df
// : | it
10.00
e —_— T— — — }
1960 i 19170 19/80 ¢ 19 20|00 i 20{10 20(14
e | w ol B ool mtiae L




5.
/ \
(/ \
| b \

. . \
R \

. | / 4 ‘ Y \A /,:/ . / \
/J\ i Rt . ~/ ___,/\\ ' L< \ SRS N f T : \ \

{ { . d B / )
\ N [ ) o por \ % K \/‘\ : \\_\\ } \
‘\ \} o b il ™ “ ~_70#;, (\o’ 2

2

g

GRANITE REEF DAM \

o ) >) 4
\\\ g ) L k \\L —~
LONE MTN } a2 S e 8. M
3 TONTO NATIONAL FOREST >/
\ /’

ad
&> NG /\\ % \ 2
S S ) 1 \
et \ N ™ .
B \

>
e X
LEGEND i \ \ \
2 \
— — — SCS PROPOSED STRUCTURE * Jhr \‘:'“Q \ , \\%\/‘ﬁ Ay)\ 2 \ \ \
e wms PROPOSED HUNT RD. DIVERSION / 8 ; ( s \__’% l\
== == == PROPOSED DRANAGE CHANNELS } e ) , '3 o /‘/ 3
\z & L O = \ /
£J  CHANDLER DRAIN RSE, N | I \\w % / }/\
= J ¢ :
] % \ N b " \S J \
(e EASTERN  DRAIN W/ Y A= e . i J 3 = = - -
- V/ MARICOPA GO, L ¥ g = - oy, - Ay > - * ‘
e =3 PINAL _ CO. A e |
eF 1 /y\L RAVENS RO /\ \ — \\\ / W
Gg HUNT RD DRAIN | _ 5 ’v/, N3 AN ‘

MESA DRAIN e S

) €D €9 ¢

=Y
ROOSEVELT ~DRAIN AT g L ig--gy wl .
i WEAVERS \\
=4 RA4E .
(5%  WESTERN DRAN 3K NE?/T \
-2 = =
@D?f) ARIZONA PROJECT DRAINAGE 4 r,': i " 1\., ewet. | Y ‘
e o) L | TEMPE j L A B el rmusmss:av
L:‘H CONSOLIDATED DRAIN T i Rl Ui son 0ol
AR R r 22 g3’ 21 ' 22
i i ! } A DD SRR e il ps
@o GUADALUPE DRAIN Al A A K ‘ i S ] |-
J j 1 { — .,.,r.—.,_—.,». -~ 1 -
% "*:v,:,-"/,é YR o o il SR d—
| 3 T T |
e e gg_gﬁ Sy x% ter b—ue 25 27
- J o j _— i o L :.—'L:;;‘ i
2 6 LU g | i - WARICOPA. CO.
BT e MU BN N %i””
i ‘ |
=4 i i y i  Ylpaseime | :
5 ! — L4 LAY gt ;1?‘;z-ﬁﬂ . e K jr—_ ——{ =
SO ] haond | 'ﬁ 'y !
6 s \ 4 §\s 2 3 l| e R
| 3 z '
LA ,A_,J,I,A = S L 7
i e 4N, " )
. - . - ] 3
[ 2 b " 12/ A
R3E. [y . - 71
z T
T T i [ pinaL coO.
' 13 [t e - 5‘1 N\ ‘
| i 1 { i s i | | off i \ / A ., S, — N = * 20
I | R TR T 0 O A B SRR R T T , e — SRENPESSE .
== : Tﬁm.j % | ! | ' 3 1 A A e |\ 22 23/ i
f S i i {| i h / < \ 3
23 24 - B8 g | ' 1 o T gl I | \ ~ ; i b 4_’{{4 KEY MAP
e ﬁ[ lru { ‘ | i ] 3 29 zo\/ D W 4
26 25 N g' 25 ' _een 7 P
L Sigeniiams s L FIELD J """" \ Lk
- | ] : \ /3/ '
i « SUPERIOR
s | sl e 5wl o= - ; | , ey | ol 5
E % - ' i+ Lrecos [ i e, | g J it Lo ] “ | . : ; - ; 7»‘ | \- WHITLOW D DAM \ /_/
- el - o S ‘ ———1’—“{—— [ . 1 , : ‘ ] ! . (CORPS OF ENGINEERS) e R R
Lt | = S
‘ i _|cermann J[ i
Ef Qi
" 2 3 " 2 g
' ¥ S'«Jﬁ
‘ TS0 ISANTAN =
5 = SANTA I
| i SCALE
15 14 3 i 5 | 4 % T . .
i For — 3
\(i.:ljvf_‘ﬂ :u;:;v 1 %}mrtmws: 1= MILE
.. AIR FIELD /7
237, 24 1= e
!
ARSI i S
il
i |
26 25 30, 29 28 27 26 25 i 26 i
|
l } 4 B JLg/Ptnrméﬂ A ‘
> =X - . \
! | 5 i 1 | g | PROPOSED RETENTION 8 DEBRIS BARRER DAM
32 33 PR (B 36 3 32 33 34 35 :—3;‘4 R | s e [ | 3" |
. ‘ 1 |
‘\ —-— — —_ — — Li 8 -‘: : : (A = & hl
< ! 0. 7 ™1 T |HEA MMVER o
f if S B,
o &l e 3 2 ! / 6 5 a 3 2 TR S O R 3N 2 ||
€~ \ e SV WNSE— S —— g l-,{ L \ e
/1/ i i |
B \\ " 12 7 ) s o e 2 7 8 s | 0 N 12
SNAKE TOWM l
L_\ - QUEEN CcR CHANNEL ,_Lv__w.. l
8 i L~ ‘,‘1 13 8 1”7 6 5 4 3
4 / ‘4 e s 2
G 0‘\" = Ziia BuT ;
3 20 2 .
SN \ik'/r—ﬁ‘ 22 23
\
; \
28 - a7 26 _
e
: g S ‘ BASIN PROJECT MAP
N\
34 \ 38
%
N
FLOOD CONTROL REPORT
b AREA |

APPENDIX 1-D PLATE NO. |




	Binder1.pdf
	20110628_0002
	20110628_0003
	20110628_0004
	20110628_0005
	20110628_0006
	20110628_0007
	20110628_0008
	20110628_0009
	20110628_0010
	20110628_0011
	20110628_0012
	20110628_0013
	20110628_0014
	20110628_0015
	20110628_0016
	20110628_0017
	20110628_0018
	20110628_0019
	20110628_0020
	20110628_0021
	20110628_0022
	20110628_0023
	20110628_0024
	20110628_0025
	20110628_0026
	20110628_0027
	20110628_0028
	20110628_0029
	20110628_0030
	20110628_0031
	20110628_0032
	20110628_0033
	20110628_0034
	20110628_0035

	Binder2.pdf
	20110628_0037
	20110628_0038
	20110628_0039
	20110628_0040
	20110628_0041
	20110628_0042
	20110628_0043
	20110628_0044
	20110628_0045




