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SUMMARY

It is feasible to provide flood control for the City of Scottsdale and the Salt
River Indian Reservation by the construction of two detention dams, related in-
terceptor floodways in the Upper Indian Bend Wash Drainage, and a minor dug-
way channel in the Lower Wash.

An area of nearly 45,000 acres in the Reservation, Scottsdale, Phoenix,
Paradise Valley and Maricopa County, above the Arizona Canal, would receive
a high degree of protection as well as 3,100 acres in Scottsdale and Tempe, in
the Lower Wash.

The recommended plan is estimated to cost $6,939,000 at 1967 prices. An

interim plan, offering substantial protection, could be constructed for $5,843,000;

or individual units could be constructed by stages with lesser initial outlay.
Total costs would be increased by delay in construction because of rising unit
costs. Direct costs to the cities and the Indian Community could be reduced
through granting of flood easements by property owners and/or by propitious
location of structures.

Economic feasibility, as measured by benefit cost ratio, is estimated to be
at least 2.6 to 1. The proiect is justified, not only because of economic feas-
ibility, but also because of the protection of large areas from the hazards of
frequent flooding, permitting orderly urban development under the City’s
““General Plan’’ and the Indian Community’s present planning, and through the
protection of urban facilities and of community functions.




RECOMMENDATIONS

It is recommended that the project be constructed as rapidly as possible.
Further, because several means of implementing the project may be open to the
City and the Indian Community, and because the Maricopa County Flood Control
District and the Corps of Engineers have indicated interest in the plan and the
possibility of assistance to the City, it is recommended that the City and the
Indian Community proceed to explore all means to bring the project to accomp--
lishment, consistent with early construction thereof.
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FLOOD CONTROL FEASIBILITY REPORT
INDIAN BEND WASH
MARICOPA COUNTY, ARIZONA

1. Authority.
Authority for this flood control feasibility study

and report was contained in a resolution passed by the Scotts-
dale City Council in July 1967. After the action came to the
attention of the Salt River Pima-Maricopa Indians, they asked
for the studies to be extended to include their closely re-

lated flood problems on the Reservation to the east of Scotts-

dale.

2 Purpose.

The Maricopa County-wide bond issue for financing
the local interest portions of the flood control plans pro-
posed by the Corps of Engineers failed to pass by a vote of
the taxpayers in April 1966. The purpose of this study is.to
determine the feasibility of an alternative plan suggested in
our preliminary report of October 1966.

Potential flood hazards are so wide-spread in and
adjacent to the corporate limits that they present a deterent
to orderly development under Scottsdale's approved ''General
Plan" for the City's development. Therefore, the purpose also
was to find means to provide flood control which would serve

the "General Plan'".




3. Prior Reports.

The U.S. Army Engineer District, Los Angeles, Corps
of Engineers has made flood control studies and prepared
three reports since 1959 which have concerned the Indian Bend
Wash watershed and the flood problems therein. Under date of
April 15, 1962, an "Interim Report on Survey for Flood Con-
trol, Indian Bend Wash, Arizona'" with appendixes resulted in
the Federal authorization of a flood control project on Indian
Bend Wash from the Arizona Canal to the Salt River. This pro-
ject would be a concrete lined channel, natural ground level,
designed to carry the 100-year flood estimated by Corps of
Engineers at 40,000 cfs. No flood control projects for
Indian Bend Wash upstream from the Arizona Canal have been
recommended.

Under date of January 15, 1964, an "Interim Report
on Survey for Flood Control, Phoenix, Arizona and Vicinity
(including New River)'" with appendixes was completed by the
Corps of Engineers. The recommendations of the 1962 report
were referred to in this report but no further consideration
was given to Indian Bend Wash flood problems.

In June 1964, the Corps of Engineers issued a re-
port entitled "Flood-Plain Information Study for Maricopa
County, Arizona, Volume I, Indian Bend Wash Report'. The

study delineated the flood plain of Indian Bend Wash above




The Arizona Canal for various flood magnitudes up to and
including their estimated Standard Project flood. The
reach shown extended from south of Greenway Road in Phoenix
downstream through Paradise Valley and Scottsdale to the
head of the project authorized in their report of April 15,
1962 at the Arizona Canal.

Yost and Gardner Engineers, Phoenix, Arizona pre-
pared a report for the Flood Control District of Maricopa
County entitled '"Flood Control Survey Report Northeastern
Maricopa County Area III'", dated September 1962. The report
studies were coordinated with the Corps of Engineers studies
at that time. For Indian Bend Wash, the Corps of Engineers'
concrete lined channel was recommended for the lower reach.
A "Dugway' in the upper reach was indicated as potentially
economical in about 10 years. In the interim, flood control
zoning and regulation by the Flood Control District, in the
upper reach of Indian Bend Wash, was recommended as a must
to maintain a very wide flood plain with some clearing and
excavation as a shallow earth channel.

The Flood Control District of Maricopa County,
Arizona prepared a report in 1963, entitled "Comprehensive
Flood Control Program Report". The Flood Control District

adopted the Yost and Gardner report recommendations for

Indian Bend Wash flood control. In presenting the plan for




Upper Indian Bend Wash, the report shows the plan for the
wide flood plain with the excavated channel together with
a cost estimate and economic cost-benefit ratio.

The Central Arizona Project Report, although the
project has not been authorized by the Congress, contains
plans for a major canal which, it is understood, would
enter the Indian Bend Wash watershed on the west along the
alignment of the existing 0ld Verde Canal bank. It would
follow the Old Verde across the watershed to the existing
power line then follow along the upstream side of the power
line to the southeast until it leaves the watershed.

A preliminary '"Report on Flood Alleviation Studies,
Indian Bend Wash, Scottsdale, Arizona', dated October 1966,
was prepared for the City of Scottsdale by its Water Resources
consultant.

The Council and Planning Commission of the City of
Scottsdale has adopted a proposed '"General Plan'" prepared by
Eisner/Stewart, South Pasadena, California, City Planning

Consultants, dated December 1966.

4. Other Interests Affected.

The City of Phoenix corporate limits, in the north-

east portion, extend east across the main water course of

Indian Bend Wash to Invergordon Road from one half mile




south of Shea Boulevard to Cactus Road and east to Scottsdale
Road from Cactus Road north to Bell Road. This area includes
several developed areas which are subject to flooding from
Indian Bend Wash and its tributaries which head both in the
Phoenix Mountains on the west and the McDowell Mountains to
the east and north.

The Paradise Valley corporate limits span about two

miles of Indian Bend Wash and its tributaries to the west
which head in the Phoenix Mountains. The reach of Indian
Bend Wash is from one-half mile south of Shea Boulevard
southeast to Scottsdale Road.

The City of Tempe contains the lower portion of

Indian Bend Wash, between Van Buren Street - McKellips Road

to its confluence with the Salt River. In this reach of the
Wash, there is approximately 1,000 acres of land within the

City limits which would be flooded by a discharge of 40,000

4 i

The Salt River Indian Reservation contains the

area bounded on the north by the east-west Section line one
mile south of Shea Boulevard and on the west by Pima Road
south to Salt River. While only a small portion of the
Indian Bend Wash watershed extends on to the reservation,
flood flows from another sizable area to the east which are

intercepted by the Arizona Canal below the Evergreen Waste-




way are carried in the canal. However, under certain flow

conditions, flood flows are dumped into Indian Bend Wash at
the Indian Bend Wasteway to flow to the Salt River through

Scottsdale.

The Salt River Project, because of the location

of its Arizona Canal, is damaged from time to time by the
intercepted flood waters of Indian Bend Wash and its tri-
butaries. These flood damages and inherent problems will
be alleviated incidentally by the proposed solution to
Indian Bend Wash flood problems in Scottsdale, Phoenix,
Paradise Valley and the Salt River Indian Reservation. The
Central Arizona Project proposed canal could also be bene-
fitted,

The Flood Control District of Maricopa County is

obviously affected by flood control improvements in Indian
Bend Wash watershed because of its authority and interest
in County-wide flood control matters. Any improvement in
Indian Bend Wash will have a direct effect on Salt River

channel design.

5. Basic Data and Specialized Services.

In addition to the several prior reports described
in previous paragraphs, there are available topographic maps,

aerial photographs, technical papers by U.S. Weather Bureau,




Geological Survey and others. Also, unpublished data in the
files of those agencies, as well as certain records of the
Salt River Project office, and the Arizona Public Service
Company.

The Geological Survey topography maps are on a
scale of 1 to 24,000 with contour intervals varying from 10
feet to 20 feet. There is also Flood Control District cover-
age in the Wash with two foot contours.

The U. S. Weather Bureau Technical Papers Nos. 38
and 40 were used to estimate probable maximum precipitation
and precipitation duration-frequencies.

Specialized consultant services were obtained in
surface soils classification, soil mechanics, and land value
appraisals. The soils classification study is described in

Appendix 2.

6. Description of Watershed.

The Indian Bend Wash watershed comprises about 147
square miles, as shown on Plate 1. It has a trapezoidal
shape lying in a northeast-southwest direction between the
McDowell and Phoenix Mountains. The maximum length water
course heads near the southwest corner of Tonto National
Forest to the north of McDowell Mountains and flows for a

total length of about 32 miles into the Salt River at the
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south end of Scottsdale, Arizona.

Between the main Indian Bend watershed and the
Evergreen Wasteway of the Arizona Canal, an area of about
40 square miles encompasses the south end of the McDowell
Mountains and a corner of the Salt River Reservation above
the Arizona Canal.

Most of the channels crossing the Indian Reserva-
tion originally were tributary to Indian Bend Wash below
the Arizona Canal. With the construction of the Canal, all
but the larger floods have been diverted westward by the
Canal. Occasionally, floods of greater magnitude, in these
channels, reach the Canal and cause flooding on the Reserva-
tion below the Canal and constitute a similar hazard to the
eastern side of Scottsdale below the Arizona Canal.

Topography. Elevations in the Indian Bend Wash

watershed range from 1200 feet at Salt River up to 2600 feet
in the Phoenix Mountains and 4,000 feet in the McDowell
Mountains.

The topography of the watershed is relatively uni-
form in three major sections in a longitudinal direction.
The three sections are characterized by a noticeable change
in the slope in relation to each other. Obviously, one
change is at the toe of the mountains, (where the alluvial

fan commences), another about one or two miles out from the




toe and the other about four to six miles northeast from
the main channel of the Wash.

The topography of the north slope of the Phoenix
Mountains and Mummy Mountain is steep with very little allu-
vial deposition at the foot of those hills south of the main
channel of the Wash. There are almost no long, nearly flat,
areas such as those north and northeast of the Wash.

Streams, Soils and Vegetation. Stream gradients

vary from more than 1,000 feet per mile in the mountains to
about 20 feet per mile near the Salt River. The channels
are numerous but quite well defined in the steeper reaches
where flood waters from the granitic and schist slopes of
the McDowell Mountains have caused deeply incised channels.
When the streams come on to the upper alluvial fan,
they become extremely braided, so numerous and small that
during and after almost every runoff producing storm, the
primary path of flow shifts back and forth on the fan slopes.
The small drainage ways from this foothill area that reach
the lower, flatter level of the alluvial fan generally dis-
appear before reaching the Indian Bend Wash. Rarely do
these drainages extend below the 0ld Verde Canal and breaks
in the Canal embankment appear to have been encouraged as
a result of rodent or man's activities rather than from

actual flood hazards.




Alfhough the same condition generally attains to
the eastward across and above the Indian Reservation, the
south end of the McDowells is much closer to the Arizona
Canal in the region east of Pima Road, and the channels in
the vicinity of Pima Road and a short distance eastward,
occasionally produce floods of a great enough magnitude to
cross the alluvial fan area and reach the Arizona Canal.
Although there are several channels that cross Shea Boule-
vard, the pattern of flow below the 0l1ld Verde Canal is one
of general wide spread sheet flooding which occurs over
most of the lower alluvial fan slopes above the Arizona Canal.

Two areas which contribute substantially to the
direct flood water in the main channel of Indian Bend Wash
lie to the south and west of the main Wash. South of the
Wash, soils are characteristically shallow, stony and cobbly,
but they are underlain shallowly, for the most part, by a
compact lime accumulation layer, cemented, cobbly and gravelly
layer and/or a compact clay-accumulation layer. Caliche knobs
and shoulders are frequently exposed on the surface. Water
penetration and infiltration rates are low. Vegetation is
sparse or lacking. This area, along the north side of the
Phoenix Mountains and Mummy Mountain, contribute flood flows
to the channel where Indian Bend Wash turns these channels to

the southeast together with the sheet and channel flow on the

10




north side, much like a side channel for a man-made spill-
way, until it reaches the Arizona Canal.

The other critical area lies north and somewhat
west of Indian Bend Wash. Here again, the soils are shallow,
stony and cobbly. This area is at the head of the main
channel of the Wash. The foothill soils are underlain by a
compact layer of caliche and/or clay. The vegetation in
these foothills is more dense than that south of the Wash
and yet not nearly as dense as the northern areas which are
derived from the loose conglomerate granite that yields a
deep gravelly, sandy soil of high infiltration capacity. The
less dense vegetation is indicative of the poor water pene-
tration and low infiltration characteristics of the land in
this area. Also, any runoff from the more sloping area is
indicated by the intense dissection of land and ridgy condi-
tion of the slopes.

The more level land in the valley flood plain of
the main channel is composed mostly of sandy loam and fine
sandy loam. This soil is quite pervious to water and infil-
tration is excellent. Although runoff water from the foot-
hills area is rapidly absorbed by this bumper strip, it is
not sufficiently extensive to accommodate the heavier storms,
much of the water of which reaches Indian Bend Wash.

Below the Arizona Canal, the Wash flows directly

13




southward for about seven miles to the Salt River. Urban
and suburban developments in Phoenix, Paradise Valley and
Scottsdale have changed or obliterated the patterns of the
tributary channels which previously entered Indian Bend Wash

below the Arizona Canal.

7. Economic Development.

General. Maricopa County, Arizona has grown since
1910 from an agriculatural and rural community to a mixed
economy with urban growth becoming a dominant factor.
Phoenix has been the principal urban area and has grown con-
sistently during the same period. From 1910 through 1950,
the unincorporated areas contained more than 50 percent of
Maricopa County's population. Beginning in the late 1950's,
the County and especially the urban areas have experienced
a real commercial and industrial growth explosion. Since
1965, the rate of growth has declined somewhat. However,
reputable projections indicate a steady growth rate will
continue in Maricopa County and its urban areas to more than
double the 1965 population before the end of the century.
The City of Scottsdale is the second largest city in the
County and third largest in the State.

Population. The First National Bank of Arizona,

Research Division, has prepared a '"Future Population Pro-

12




jection for Maricopa County by Urban Areas'". This report
indicates that the population in Scottsdale increased from
about 2,000 in 1950 to 10,000 in 1960, and an estimated

54,500 in 1965. Their projection for the year 1980 is

100,000 within the corporate limits. The City of Scottsdale
has translated this growth projection onto their census tracts
diagram. This translation, based upon the City's '"General
Plan" for future developments, indicates that almost all
tracts south of Indian Bend will have reached their respective
holding capacities by 1980. During the same period, conside-
rable growth will have occurred in the large census tract
north of Indian Bend Road.

Occupation and Industries. The 1967 Republic-

Gazette Consumer Survey shows the '"heads of household" in
Scottsdale are 73 percent employed by someone else and 14 per-
cent retired. The same survey indicates 66 percent of these
heads of household are engaged in four major types of enter-
‘prise - manufacturing, distribution of goods (wholesale and
retail), services and unemployed retirement.

Transportation Facilities. Due to the phenomenal

growth of Scottsdale in area and population since 1960, it
appears the development of transporation facilities has not

been able to keep pace. The City's "General Plan'" and current

physical evidence indicate, however, that developments in the




near future will result in much street improvements and con-
struction of freeways and expressways. It is also expected
to result in the construction of companion surface and storm

sewer drainage networks.

8. Climatology.

General. The area in and around Scottsdale and
Phoenix, Arizona, has an arid climate characterized by mild
winters and hot summers. The winds are generally mild with
some gusty winds preceding and during summer thunderstorms
which occur mostly during July and August. The area has an
average frost-free growing season of 280 days. The tempera-
tures average about 70 degrees, based on the long-term records
at the Phoenix Weather Bureau station. The extremes range
from 17 degrees to 118 degrees with daily temperatures reach-
ing 100 degrees frequently during the summer.

Precipitation. As shown on the "Hydrologic Map",

Plate 1, Appendix 1 of the April 1962 repcrt by the Corps of
Engineers, Los Angeles District, the average annual precipi-
tation varies across Indian Bend Wash watershed. It is less
than 8 inches on the low elevation and ranges up to about 14
inches in the McDowell Mountains. The average for the water-
shed is about 10 inches. The longest precipitation record

near the basin is 91 years at the U. S. Weather Bureau station

14




at the Phoenix Post Office. The station has been a record-
ing station since 1901. Three non-recording stations ope-
rated by the U. S. Weather Bureau are located nearer the
Indian Bend Wash. They are Tempe No. 2, Camelback and
Paradise Valley. The periods of record range from 12 years
at Paradise Valley to about 40 complete years at Tempe No. 2.

Storms. The Indian Bend Wash basin is subject to
more than one type of rain storm, generally related to the
season. During the winter months, beginning about November
and extending through April, the storms are the result of
frontal movement from west to east across this area. These
storms are of low intensity covering large areas and may last
for several day. This type rainfall generally does not cause
severe flooding in the small watersheds.

In the summer and fall seasons from May through Octo-
ber, heavy storms occur over large areas. Within these storms,
small intense centers may develop which can cause major floods
from small watersheds. During the summer months, July, August
and September, intense local thunderstorms occur. These high
intensity storms are of short duration seldom exceeding three
to six hours and cover relatively small areas. They are diffi-
cult to predict and often cause severe flash floods on water-

sheds such as Indian Bend Wash.

15




9. Runoff and Streamflow.

Adequate runoff records for small watersheds in
this arid region are not available. A recording stream gage
was established on Indian Bend Wash above the Arizona Canal
at Indian Bend Road in 1961. At about the same time, three
crest-stage gages were installed at McDonald Drive, Indian
School Road and McDowell Road south of the Arizona Canal.

The small water courses in this arid region never
flow, except after heavy rainfall. The dry conditions may
extend for long periods of time. At times, surface runoff
may occur in only short intermittent reaches due to the high
percolation or transmission loss together with spreading and
pondage for lack of channels. Stream flow is not dependable
for such long periods of time that ponds or lagoons for any
purpose must be maintained by underground pumpage or by water

imported from perennial stream systems.

10. Floods.

Characteristics. The major flood flows in Indian

Bend Wash watershed are flash type floods produced by high
intensity, relatively short duration, thunderstorms. These
storms more frequently occur in the summer months of July and
August, but may occur in the fall and winter months. They are

difficult to predict and consequently there is insufficient
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time tb evacuate or temporarily protect against the resulting
floods.

The torrential type flows from the steep mountain
slopes are moderately debris and rock laden when they reach
the flatter slopes of the fans. On the fans, they lose their
burden and disperse into the many braided rivulets. As the
flood flows develop on and flow over the alluvial plains,
they cross back and forth over the little divides between the
many small channels until they might be considered sheet
flows.

The flows across the alluvial fans are only inter-
rupted and concentrated at times by man-made structures such
as the 01d Verde Canal dike, individual surface drainage
systems, and by roads and streets. Due to numerous small flow
paths, the roads and streets generally are not protected by
drainage structures but suffer inundation and scour damages
from all runoff. This flow condition continues until the
waters are collected in the Indian Bend Wash main channel above
the Arizona Canal. After reaching the main channel, floods
are then contained in that channel and its immediate flood
plain through Scottsdale and Tempe, below the Arizona Canal
to the Salt River.

History. The U. S. Geological Survey has operated

a recording stream gage on Indian Bend Wash just upstream

17




from the Arizona Canal at Indian Bend Road in Scottsdale,
Arizona since 1961. No major flows have occurred during that
time. The highest peaks have resulted, from (1) an intense
thunderstorm on the early morning of September 13, 1966, and
(2) a wide spread winter storm of December 13 - 20, 1967.
Data for the latter storm are not fully available as this
report goes to press.

Although the estimated peak discharge at the gage
was only 573 cfs, during the September 1966 storm, consider-
able damage was caused upstream from the Arizona Canal by
ponding, inundation, and interruption of traffic.

A major flood occurred in August 1943 which breached
the Arizona Canal in numerous places causing damages down-
stream from the Canal by overflow and inundation. The Salt
River Project office estimated a peak discharge of 10,000 cfs,
at the Arizona Canal, and the Corp of Engineers estimated
15,000 cfs at Thomas Road. Project records indicate that an
even larger flood may have occurred on Indian Bend Wash in
1959.

Potential. The storm of September 13, 1966 had
unofficial measurements in Indian Bend Wash watershed of 3.0
inches and 5.0 inches of rainfall in approximately six hours
reported in the area north of the Arizona Canal and near the

east edge of the basin. If these measurements are accurate

18




and had this storm centered just a few miles farther north
and west with a somewhat shorter storm duration, it is
believed a major flood would have occurred.

The Corps of Engineers transposed the August 19,
1954, Queen Creek storm, about 35 miles west and 22 miles
north to center it over Indian Bend Wash watershed. Their
report indicates that storm would have resulted in 5.0
inches average rainfall in a three hour period. Our estima-
ted flood hydrograph from a 5.0 inch rainfall in three hours
over the Indian Bend Wash watershed would have a peak dis-
charge of 42,000 cfs and a hydrograph volume of 25,000 acre
feet at the Arizona Canal. The Corps of Engineer storm was
estimated to produce 4.2 inches of runoff and have a volume
of 30,400 acre feet.

It should be noted that future development of the
lands will increase the potential flooding due to encroach-
ment and increased amount of runoff from all storms.

Frequencies. The U. S. Weather Bureau, Technical

Paper No. 40 indicates that three hour storms in this area
of 3.5 inches and 4.0 inches would have a recurrence fre-
quency of 50 and 100 years, respectively, while the 5.0
inches-three hour storm would approach the 500 year recur-
rence interval. It is estimated that these precipitation

amounts, when adjusted down to average values over the Indian

19




Bend Wash basin, would result in floods at the Arizona Canal
of 21,000 cfs, 28,000 cfs and 42,000 cfs peak discharges,
respectively.

Possible recurrence frequencies of major floods
have been reviewed extensively during these studies; espe-
cially with reference to the soils studies, actual observa-
tions in August and September 1966 and in December 1967, and
from volume-peak relationships applied to Salt River Project
data dating back to 1922.

Confirmation of the analysis of water-soils rela-
tionships estimated from the soils survey was established
during the September 1966 storm. Moderately high peaks were
observed in the channels crossing Shea Boulevard from Tatum
Boulevard to Pima Road and Pima Road from Shea Boulevard
southwest to the Arizona Canal. Channels from the Phoenix
Mountains and Mummy Mountain flowing into the main channel
of the Wash also carried moderately high peaks. The com-
bined flows are estimated to have approximated 10,000 cfs,
but would not reach the gaging station at Indian Bend Road
concurrently. The recorded peak was one-twentieth of the
estimated combined peak in-flows.

The area above the gaging station which is bounded
by Tatum and Shea Boulevards and Pima Road is approximately

11 square miles. Out of the flood in-flow and rain falling

20




directly on the area, it is estimated that the soils absorbed
approximately 15 inches of water during the September 1966
storm. This infiltration capability of the soils in that
area has a significant effect on the occurrence of peaks at
the Arizona Canal and downstream therefrom. Based on the
soil characteristics and storage capability of the area be-
low Shea Boulevard, the peak discharges for selected fre-
quency were computed. A detailed explanation of the deri-
vation of discharge frequencies is contained in Appendix 1.

Urban development above the Arizona Canal will
progressively influence the magnitude of the floods, until
a flood control plan can be implemented. Therefore, the cal-
culated flood recurrence intervals should be considered as
only relatively indicative of magnitude and frequency.

The principal purpose of frequencies is to deter-
mine benefits from control of floods and to establish channel
sizes for a channel improvement plan. In this instance, the
area of inundation in the lower channel is not significantly
reduced by the frequency magnitude of floods at the Arizona
Canal when compared with the Corps of Engineers frequencies
at Thomas Road, as applied to project benefits.

Also, the use of frequencies for channel sizing
becomes unnecessary under the proposed plan of interceptor

floodways and detention reservoirs. All structures have been
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designed for 4.0 inches of runoff from a three hour storm. 1If
it should become necessary to increase the design criteria to
4.2 inches of runoff, the change would have only a minor effect
on the plan suggested herein. Structures are protected by
spillways designed to carry a flood caused by maximum possible

precipitation.

11. Nature and Extent of Flooding.

The principal flood plains are along the 15 miles of
Indian Bend Wash from Greenway Road in Northeast Phoenix to the
Salt River in Scottsdale. The estimated flood flow from a
storm of 5.0 inches in three hours which the Corps of Engineers
selected as their Standard Project Storm would cover an area
about 0.5 mile wide throughout the entire 15 miles. The area
of about 4,600 acres would be subjected to severe scour and
inundation. The inundation would vary from one to nine feet
in depth.

Since the Corps of Engineers report on Indian Bend Wash
and the Yost-Gardner report previously referenced were completed,
the City of Scottsdale has made an effective effort to delay
developments in the flood plains. As a result of these efforts,
these wide flood plains remain virtually undeveloped.

This condition should be viewed as a direct annual
flood damage to the individual property owners and to Mari-

copa County and the cities of Scottsdale, Phoenix and Para-
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dise Valley. The property owners are denied the profits of
successful developments and public interests from increased
annual revenues. A flood control project or projects which
would eliminate the flood hazard would derive those benefits.
In addition, approximately 55,000 acres on the
alluvial fans to the north of Indian Bend Wash and the Ari-
zona Canal are subject to unpredictable flood damages from
the maze of braided channels and resulting sheet flows. The
Salt River Indian Reservation has about 11,000 acres and the
area outside the Reservation is about 44,000 acres.
Following the flood of December 1967, extensive
areas where inundation occurred below the 0ld Verde Canal
were observed from the air and photos were made. It is evi-
dent from these photos that most of the area between the 01d
Verde Canal and the main channel of the Wash or the Arizona

Canal was inundated to some degree.

12. Existing Flood Control Improvements.

There are no existing flood control projects in
the Indian Bend Wash basin. However, there are several sur-
face drainage interceptor ditches and/or dikes which appear
to provide some degree of control around isolated areas such
as the Scottsdale airport, several subdivisions and ranches.

In the event of a major flood runoff, these structures might
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tend to concentrate the flows and direct them in such a man-
ner as to cause higher flood damages.

The Arizona Canal as operated by the Salt River
Project provides some degree of flood control in Scottsdale
downstream from the Canal and in portions of Paradise Valley
and Phoenix, but also poses a hazard due to the release of
ponded flood waters in the event heavy flooding creates

washed out canal banks.

13. Flood and Related Problems.

It is essential for flood control projects, pro-
tecting areas in and around cities, to be coordinated with
several existing and foreseeable improvement needs. These
needs may consist of storm sewer, major drainage, transporta-
tion routes of all classes, parks and recreation facilities.
Further, flood control may become involved with improvements
for irrigation, domestic and industrial water supplies as
well as natural park preserves.

Flood control channels and floodways serve as excel-
lent outlets for storm sewers and major drainage facilities.
The rights-of-ways for divided thoroughfares, expressways,
freeways, etc. may be used for flood control channels. Very
often the areas needed for carrying or impounding infrequent

and short duration floods, such as occur in this area, can
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be left as natural parks and wildlife habitat or developed
as recreation parks, golf courses, etc. These various re-
lated problems will be described more specifically in subse-

quent paragraphs with the recommended flood control plans.

14. Methods of Flood Control.

There are four generally accepted methods of flood
control which may be developed effectively in any watershed.
If the areas are presently developed and suffering flood
damages, evacuation of sufficient area for a floodway might
be considered. In undeveloped areas, flood plain zoning to
control the development may be feasible. The more commonly
used methods are channel enlargement, leveed floodways and
reservoir regulation. In many cases, due to existing develop-
ments and demands for future developments caused by popula-
tion growth and concentrations, a combination of two or more

of the above methods is dictated.

15. Method Selected.

A detailed study has been made of the nature of the
existing and expected growth pattern of the cities of Scotts-
dale, Phoenix and Paradise Valley. Consideration also has
been given to needs and desires of the Salt River Indians

regarding their reservation lands lying principally to the
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north of the Arizona Canal.

The City Council and Planning Commission of Scotts-
dale have adopted a "General Plan'" as a guide for control of
the future development within the corporate limits and imme-
diately adjacent areas. This plan includes the type, density,
and classification of development to be encouraged in the
various locations and areas.

Further, it includes proposed transportation route
networks to serve Scottsdale's needs and at the same time to
blend in a suitable manner with the surrounding urban and
County plans. With Scottsdale's '"General Plan'" in mind, the
flood control method selected by studies for this report is
a combination of flood detention reservoirs with interceptor
floodways and some channel enlargement.

The interceptor floodways collect the sheet flows
and the flows in the hundreds of small shallow and braided
channels and funnel them into the detention reservoirs for
regulation. As future development demands, additional flood
control for areas upstream from the interceptor floodways may
be obtained by constructing major drainage channels on the
rights-of-ways of certain streets, roads, thoroughfares, free-
ways, etc. to carry the flood flows to the interceptor flood-
ways.

The detention reservoirs control the flood flows
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to an outflow capacity which will be non-damaging in the
existing channels downstream. However, intense storm run-
off from the uncontrolled drainage areas between the pro-
jects will cause some flooding. The authorized channel en-
largement project for lower Indian Bend Wash from the Arizona
Canal to the Salt River (Corps of Engineer plan) will be

greatly reduced by the use of detention reservoirs.

16. Recommended Plan.

The recommended flood control plan on Indian Bend
Wash consists of two detention reservoirs with their respec-
tive interceptor floodway systems, modification of the Indian
Bend Wasteway, and a minor channel enlargement from the Canal
to the Salt River. Another interceptor floodway for flood
protection of lands on the Salt River Indian Reservation imme-
diately east of Scottsdale is recommended. The locations of
these projects are shown on Plate 2.

The 01d Verde Reservoir Unit is located in Sections

5, 6, 8 and 9, T3N, RSE along the northeast rights-of way of
the inter-regional power lines. It has a short interceptor
floodway on the east side to intercept the arroyos which
head in the McDowell Mountains to the north of Taliesin West.
To the north and west, an interceptor floodway will begin at

the divide between Indian Bend Wash and Cave Creek and run
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approximately six miles east-southeast into the reservoir.
This unit will control all flood flows up to and including
the estimated 100-year flood from 82 square miles of Indian
Bend Wash watershed above the 01d Verde Canal dike. The
reservoir to top of flood control pool will contain 10,500
acre feet of storage capacity which includes an estimated
S0-year sediment reserve. The reservoir levels will be con-
trolled by reinforced concrete conduits through the bottom
of the dam and an earth cut end around emergency spillway
located in the left abutment.

In addition to flood protection for areas in the
cities of Phoenix, Paradise Valley and Scottsdale, it will
protect about nine miles of the proposed Central Arizona
Project canal, if it is constructed. Further, it should be
noted this unit gives flood protection to the planned indus-
trial and residential areas around Thunderbird Air Field.

The Scottsdale Dam and Reservoir Unit is located

in Sections 28, 29, 32, 33 and 34, T3N, R4E. This unit will
consist of a dam and reservoir on the main water course of
Indian Bend Wash. The reservoir will have a capacity of
4,600 acre feet at top of the flood control pool. It will
control the 100-year flood runoff to a maximum outflow of
1,500 cubic feet per second. The reservoir capacity includes

an estimated 50-year sediment reserve. An interceptor flood-
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way will begin at Pima Road about one-quarter mile south of
Cactus Road and run westerly across the north end of the
Scottsdale Country Club and then southwesterly across Scotts-
dale Road to Invergordon Road at Shea Boulevard and south
into the reservoir. This is a total distance of about 3.5
miles. The reservoir levels will be controlled by reinforced
concrete conduits through the bottom of the dam and an earth
cut, end around emergency spillway in the left abutment.

This unit provides flood protection to about 1.5
square miles of area in Paradise Valley along the west side
of Scottsdale Road and several square miles in the City of
Scottsdale above the Arizona Canal.

The two detention reservoir projects will greatly
reduce the required capacity and consequently the costs of
the authorized Channel Project along Indian Bend Wash from
the Arizona Canal to the Salt River. The expensive training
levees and inverted syphon at the Arizona Canal could be
eliminated by modifying the existing canal, and the Indian
Bend Wash wasteway structures, to pass the outflow from the
Scottsdale Reservoir and the flood flows from the remaining
uncontrolled drainage area tributary to the Arizona Canal.

The lower 200 acres of the reservoir area could be
retained as a natural park and used as bridle paths, etc.

The upper 275 acres could be developed as a community park
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and golf course. The large capacity of the outlet conduit
will only make the upper area subject to inundation by floods
greater than those having a 20-year frequency and then only
for very short durations.

The Reservation Unit will protect the upper por-

tion of the Salt River Indian Reservation which has its
north boundary along the east-west Section line one mile
south of Shea Boulevard and its west boundary along Pima
Road to the Salt River. This area contains about 18 square
miles above the Arizona Canal which is an alluvial fan sub-
ject to flooding by runoff from the south McDowell Mountains.
Runoff across the area enters the Arizona Canal downstream
from the Evergreen Wasteway. Consequently, as in 1943,
major flood flows may breach the Canal and cause damages in
the improved area downstream from the Canal. If not, these
flows may contribute materially to flood flows and damages
in Scottsdale.

The flood control unit proposed for this area con-
sists of an interceptor floodway about 6.5 miles in length.
The floodway begins at the intersection of Cactus Road and
the power lines and runs southeasterly along the power lines
to the large arroyo just east of the power lines, and west

of the center of Section 12, T2N, RS5E.
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This arroyo is large enough to carry the 100-year
flood flow without damage south to the Canal and into the
Salt River. The Arizona Canal will be straightened and car-
ried across the floodway by a reinforced concrete trestle
flume about 500 feet long. This project will provide a high
degree of flood protection to approximately 14 square miles
of the reservation to the north of the Canal and adjacent to
Scottsdale, and a secondary degree of protection to the im-
proved portion of the reservation south of the Arizona Canal.

The Channel Improvement Unit is the fourth element

essential to the recommended plan and is an alternate to the
authorized channel project in the reach from the Arizona

Canal to the Salt River. With the previously described reser-
voirs and the Reservation Interceptor floodway constructed,
the estimated peak discharge of the 100-year design flood on
Indian Bend Wash at the Arizona Canal would be 1,700 cfs. It
is estimated that 1,300 cfs outflow from Scottsdale Reservoir
at the time would cause a design flood peak discharge at the
Canal of 3,000 cfs.

The existing Indian Bend Wasteway would be modified
to pass the 3,000 cfs into a natural earth excavated channel
to the Salt River. The channel would have a depth of four
feet, bottom width varying from 78 to 90 feet with five on

one bank slopes. The total length of channel would be 33,840
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feet with dips for all street crossings, except at Indian
School and McDowell Roads where low bridges would be pro-
vided. During floods, these streets would provide access
from east Scottsdale and the Indian reservation to the Civic
Center and commercial center of Scottsdale. The required
rights-of-way would vary in width from 118 feet to 130 feet.
It is suggested those amounts could be obtained without cost
as a permanent flood easement from the adjacent property

owners, as is done in many cities.

17. Possible Need for Interim Development.

All of the features of the recommended plan should
be constructed as a single project in order to provide the
best long-term flood control within the Indian Bend Wash drain-
age below the 01ld Verde Canal and the interregional power
lines. However, problems of coordination and financing could
force the City of Scottsdale to consideration of stage con-
struction of the Indian Bend Wash Project.

Because of such presently unresolved questions, an
interim plan has been suggested which would provide a high
degree of protection for the Scottsdale area, but provides
no protection to the Phoenix and Paradise Valley areas.

The Reservation Unit would be constructed without

modification regardless of how the remaining features might
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be staged.

A recommended interim plan follows. However, other
variations are possible which would give varying degress of
interim flood protection, or the interim plan could be

further broken into stages.

18. Recommended Interim Development.

The plan recommended for the first stage develop-
ment consists of the same projects included in the total plan
with some features deleted. It is recommended that the inter-
ceptor floodway for Scottsdale Reservoir be delayed. Further,
construction of the east interceptor for the 01d Verde Reser-
voir and the portion of the west interceptor west of Scotts-
dale Road would be delayed. Under this condition, the 01d
Verde Reservoir would have sufficient capacity to control
larger floods than the 100-year flood. The Scottsdale Reser-
voir would not quite control the 100-year flood but would
materially reduce the excess peak by forcing it through sur-
charge storage above the spillway crest. The Reservation
Interceptor floodway project should be built initially in
its entirety.

The interim development plan would provide flood
protection principally to areas within or surrounded by the

corporate limits of the City of Scottsdale and the Salt
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River Indian Reservation. The 01ld Verde and Scottsdale
Reservoir units would control 55 and 63 square miles, respec-
tively, for a total of 118 square miles of the 147 square
miles of Indian Bend Wash above the Arizona Canal. The
Reservation Interceptor Floodway would control 15 of the 40
square miles which are tributary to the Arizona Canal to

the east of Indian Bend Wash but downstream from the Ever-
green Wasteway.

This leaves a total of 54 square miles of water-
shed uncontrolled above the Arizona Canal. All of the
uncontrolled area is the lowest runoff or flood producing
area under study. Further 29 square miles in Indian Bend
Wash under the approved '"General Plan" for future develop-
men is zoned for low concentration dwelling units which
will increase the runoff factor little, if any.

To pass the 100-year design flood runoff from this
uncontrolled area and the coincident outflow from Scottsdale
Reservoir, the Interim Plan includes the alternate for the
authorized Corps of Engineer project as described under the
Recommended Plan for Lower Indian Bend Wash.

The Lower Wash would be protected against all floods

up to and including those of a 50-year frequency. A calcu-

34




lated risk would be assumed that a larger flood would not

occur in the interval between construction of the interim

stage and final stage. Occurrence of a 100-year frequency
flood would involve bank overflow of the lower channel

amounting to about 1,600 cfs.

19. Other Projects Considered.

During the course of these studies, various other
units were considered which would exercise different degrees
of flood control and particularly on certain areas. These
units are described briefly as potentials in consideration
of all of the flood problems in Indian Bend Wash watershed
by all of the interested parties such as Phoenix, Paradise
Valley and the Maricopa County Flood Control District.

A smaller reservoir at the 01ld Verde dam site with
the west interceptor floodway going north along Pima Road to
Pinnacle Peak Road was considered in conjunction with a dam
and reservoir called Union Hills located in Section 29, T4N,
R4E. The Union Hills project had an interceptor floodway
beginning one mile east of Scottsdale Road running west to
the reservoir and a short one on the west beginning at the
Cave Creek divide. The reservoir area would be on State land.
The two projects would cost about $1,000,000 more than the

larger 0ld Verde Dam and Reservoir with the interceptor flood-
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way beginning at the Cave Creek divide.

Consideration was also given to using the 01d Verde
Canal bank alignment for an interceptor floodway but that
would require reversing the direction of flow and designing
for a very flat hydraulic slope.

As indicated by the Scottsdale '"General Plan'" and
discussed in the preliminary report, some reservoir storage
is desired on Indian Bend Wash at the Arizona Canal (desig-
nated as Canal Dam and Reservoir). It is evident by looking
at the topography and existing developments that only a reser-
voir with very limited capacity could be constructed at that
site.

In connection with a limited capacity Canal Dam and
Reservoir, Shea Dam and Reservoir was studied at two sites on
Indian Bend Wash. One in Section 20 and the other, one mile
upstream, in Sections 18 and 19, T3N, R4E. A small dam and
reservoir located in Section 30 was also studied. The small
project would detain the flood runoff from three square miles
of drainage area in the Phoenix Mountains. It would provide
flood control for about one square mile of developed area in
Phoenix and reduce the required flood control capacity in the
Canal Reservoir. - These three reservoirs when compared to the
recommended plan will provide the same degree of protection

in Scottsdale south of the Arizona Canal and a higher degree
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for certain areas in Phoenix and Paradise Valley. However,
they would cost millions of dollars more than the recommended
plan and provide a lower degree of protection for certain
areas in Scottsdale north of the Canal.

The reservoir at the Arizona Canal could be develop-
ed as part of the parks system under the "General Plan'" and
might create some incidental flood control benefits, parti- ‘
cularly under the suggested Interim Plan.

Detention reservoirs were also considered for pro-
tection of the Reservation. Specifically, detention sites
were considered in Sections 31 and 32, T2N, R5E, on the
Reservation; and off the Reservation in Section 29, T3N, RSE,
and in Section 30, T3N, R6E. These would have been in con-

junction with interceptor canals.

20. Relationship of Recommended Plan to Other Existing and
Planned Developments.

As briefly stated before, the recommended plan for
flood control has been devised to blend best with the '"General
Plan" which has been adopted by the City Council and Planning
Commission of Scottsdale. The Improved Channel from the
Arizona Canal to the Salt River will provide an outlet for
major drainage and storm sewer systems on the adjacent areas.

The Reservoir Units and the Indian Reservation
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interceptor floodways will provide outlets for major drainage
and flood control projects which may be needed when the areas
upstream from these projects are developed. The reservoir
areas may be used to supplement and extend planned park and
recreational areas.

The recommended projects will eliminate or greatly
reduce the need for drainage improvements on the existing and
planned streets and highways. They will eliminate the flood
hazard to the existing Arizona Canal and the planned Central

Arizona Project Canal.

21. Estimated Costs.

Estimated construction costs include the cost of
all facilities at 1967 prices and includes engineering,
supervision and contingencies. All land costs for channel
and reservoir rights-of-way or acquisition are based on two
independent appraisals. No allowances have been made for
the possibility of obtaining permanent flood easements from
adjoining property owners. Such easements could substantially
reduce the land acquisition costs.

Construction and land costs for each of the units

are as follows:
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CONSTRUCTION COSTS

RECOMMENDED PLAN

Facilities Land Total
01d Verde Unit $1,677,000. $ 860,000. $2,537,000.
Scottsdale Unit 1,602,000, 2,000,000. 3,602,000.
Improved Channel 394,000. 406,000. 800,000.

$3,673,000. $3,266,000. $6,939,000.

INTERIM PLAN

01d Verde Unit $1,639,200. $ 687,000. $2,326,200.
Scottsdale Unit 1,237,600 1,479,000. 2,716,600.
Improved Channel 394,000. 406,000. 800,000.

$3,270,800. $2,572,000. §$5,842,800.

Annual maintenance costs have been estimated on the

basis of present salary and operation of equipment levels as

follows:
01d Verde Unit $4,100.
Scottsdale Unit 3,500.
Improved Channel 1,000.
$8,600.
Reservation $3,000.*

*Might be done as Reservation Community Project.
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22. Project Benefits.

Benefits arising from the proposed flood control
plan include (1) the economic benefits to 3,100 acres in the
lower Wash, (2) the added benefits of a similar kind due to
a high degree of protection for about 34,000 acres of poten-
tial urban areas in Scottsdale, Phoenix, Paradise Valley and
Maricopa County in Indian Bend Wash drainage above the Arizona
Canal and (3) about 11,000 acres in the Reservation above the
Canal. Benefitted areas are shown on Plate 3.

The Corps of Engineers assigned a net average annual
benefit of $530,000. to the 3,100 acres of protected area in
the Lower Wash. The proposed plan would provide essentially
the same degree of protection that would be provided by the
authorized project. However, because of basic differences in
hydrologic concepts, it is assumed for the purpose of this
study that net average annual benefits to the Lower Wash
would be approximately one-half that computed by the Corps.
This is a conservative approach inasmuch as no adjustment has
been made for rising property values.

Applying the same methods to the Upper Wash, on a
greatly reduced scale of benefits, resulted in estimated

annual benefits to the 46,000 acres of $990,000.
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Total project benefits are estimated to be as

follows:
Average Annual

Preventable Damages

Lower Wash $265,000.
Upper Wash 500,000.
$765,000.

Other benefits to the community would include,
(a) a high degree of protection to the Arizona Canal,
(b) reduction of damages to roads and highways, (c) protec-
tion of water and sewer facilities, (d) elimination of
traffic stoppages, (3) protection of public-utilities ser-

vices, and (f) reduction of the hazards of loss of life from

floods.

23, Project Justificationy

Although the project is economically justified, on
formulas similar to those used by the Corps of Engineers,
adequate justification can be found, from the City's stand-
point and that of the Indian Community, in the freeing of
large areas of potential urban development from the hazards
of frequent flooding, and in the protection of all types of
facilities necessary to urban life and most of the functions
of community activity. The plan would insure orderly develor

ment under the "General Plan'" and present planning by the
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Indian Community.

On an economic basis, it was assumed that because
of higher interest rates, annual charges would approximate
those estimated by the Corps, or about $290,000., even
though capital cost of the proposed plan is less than that
of the authorized project. The cost benefit ratio is

approximately 2.6 to 1.
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APPENDIX NO. I.

HYDROLOGY

Hydrologic Studies

The hydrology of Indian Bend Wash was studied inten-
sively from April 1966 through December 1967. All available
data were reviewed and actual precipitation-runoff events were
observed and analy:zed.

Direct data are very limited. Other data in the same
gen