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SYLLABUS 

This interim report ,  submitted pursuant t o  a c t  of Congress, 
Public Law 761, 75th Congress, approved June 28, 1938, considers 
the flood problerns along Indian Bend 'dash, located i n  and adjacent 
t o  Scottsdale, Ar iz . ,  about 10 miles eas t  of Phoenix, Ariz. 

The d i s t r i c t  engineer f inds  t ha t  a serious flood problem 
exis t s  along Indian Bend Wash. The exis t ing stream channel is 
inadequate i n  capacity, and on the recurrence of floodflows over- 
flow w i l l  take place causing recurrent damage of major proportions 
t o  urban developinents located along the wash. Serious darnage 
would a l so  be incurred by public, transportation, and u t i l i t y  
properties located i n  the path of the floodwaters. Floodflows 
r.rill cause f a r  greater damage i n  the future than has occurred i n  
the past  because of the great  growth tha t  has occurred i n  the area 
since 1950 and because such growth i s  continuing. 

After consideration of the plans proposed by loca l  i n t e r e s t s ,  
the d i s t r i c t  engineer f inds  t h a t  economically feasible  protection 
can be provided by the construction of a channel improvement 
along Indian Bend Wash from the Arizona canal t o  the Sa l t  River 
t o  control  a l l  floods up t o  and including 40,000 cubic f e e t  per 
second. He r inds  t h a t  the proposed plan of improvement ~gould 
prevent about 96 percent of the po ten t ia l  damages i n  the area. 

The d i s t r i c t  engineer estimates the t o t a l  Federal f i r s t  cost  
of the project  a t  $7,250,000 (November 1961) f o r  construction and 
the t o t a l  nowFederal f i r s t  cost  a t  $1,770,000 (November 1961). 
He estimates the t o t a l  average annual charges a t  $292,000, 
including an average of $22,000 annually for  maintenance and 
operation of the improvement. iie estimates the average annual 
benefits  t ha t  would accrue from the prevention of flood damages 
a t  $530,000. iIe s t a t e s  t ha t  the r a t i o  of average annual benef i ts  
t o  average annual charges would be 1.8 t o  1 on the basis of 
tangible benef i ts  alone. Intangible benefits  would add weight 
to  the just i f icat ion.  

The d i s t r i c t  engineer recommends tha t  the United States 
adopt a project  f o r  the control  of floods along Indian Bend Wash 
i n  the v i c in i ty  of Scottsdale, Ariz., as  outlined above, subject  
t o  the condition t h a t  loca l  i n t e r e s t s  furnish assurances 
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sahisfactory t o  the Secretary of the Army tha t  they w i l l  acquire and 
provide, without cost  t o  the United States,  a l l  lands, easements, and 
rights-of-way necessary f o r  the construction and subsequent mainten- 
ance and operation of the Lnprovenient a t  a cost  estimated a t  $700,000 
(November 1961); perform, without cos t  t o  the United States ,  a l l  
necessary construction or relocations of highways, roads, bridges, 
u t i l i t i e s ,  i r r i ga t ion  and drainage f a c i l i t i e s ,  and a l l  necessaqy 
s t r e e t  and i r r iga t ion  f a c i l i t y  modifications required i n  connection 
with the project a t  a cost  estimated a t  $1,070,000 (November 1961); 
hold and save the United States f r ee  from damages due t o  the 
construction works; maintain and operate a l l  the works, a f t e r  
co~npletion, i n  accordance with regulations t o  be prescribed by the 
Secretary of the Army a t  an average annual cost  estimated a t  $22,000; 
and prevent any encroachment upon the improved channel t ha t  would 
reduce i ts  flood-carrying capacity. 
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U. S. ARMY ENGINEER DISTRICT. LOS ANGZLES. 
CORPS OF KNGINEE%, 

OFFICE OF TIIE DISTRICT ENGINEER, 
Los Anpeles. Calif. , h r i l  15. 1962. 

Subject: Interim report  on survey f o r  flood control, Indian Bend 
Wash, Gila River basin, Ariz. 

Through: The Division Engineer, U. S. Army Engineer IJivision, 
South Pacific,  San Francisco, Calif, 

To: The Chief of Engineers, Department of the Army, Liashington, 
D. C. 

AUTHORITY 

1. This report i s  submitted pursuant t o  a c t  of Congress, 
Public Law 761, Seventy-fifth Congress, approved June 28, 1938, 
which reads i n  par t  as follows: 

SEC. 6.  The Secretary of gar is hereby authorized 
and directed t o  cause preliminary examinations and 
surveys fo r  flood control including floods aggravated 
by or due t o  t i d a l  e f fec t  a t  the following-named 
l o c a l i t i e s ,  * * * 

Gila River and t r ibu tar ies ,  Arizona and New Mexico 

2. The survey fo r  the Gila River basin is being covered i n  
11 interim reports,  3 review reports,  and a f i n a l  comprehensive 
report. Five of those interim reports have been submitted t o  
Congress, a s  follows: (a) Tucson, Ariz., and v ic in i ty ,  dated 
November 20, 1945; (h) Queen Creek, Ariz. , dated February 2, 1946; 
(c) Gila River and t r ibu ta r i e s  below Gillespie Dam, Ariz., dated 
September 1, 1948; (4) Lower Agua Fria River and v ic in i ty ,  Arizona, 
dated December 10, 1952: and ( 2 )  Gila and S a l t  Rivers, Gillespie 
Dam t o  ~IcDowelZ damsite, Arizona, dated December 4, 1957. Two of 
the three review reports have a l so  been submitted t o  Congress, as  
follows: (a) Gila River, Camelsback Reservoir s i t e  t o  Sa l t  River, 
Arizona, dated December 31, 1957; and (b) Tucson, Ariz., and 
vicini ty ,  dated January 26, 1959. 



3. Five interim reports,  i n  addition t o  the one under con- 
sideration, a re  now i n  preparation, as follows: (&) Gila River 
with par t icular  reference t o  a dam a t  or near the Camelsback s i t e ,  
Ariz. ; (b) Pinal Creek and t r ibu tar ies ,  Arizona; (2 )  Santa Rosa 
Wash, Ariz. ; (4) Phoenix, Ariz., and v ic in i ty ,  including the New 
River; and (e)  Willcox, Ariz., and vicinity.  Work a l so  is under 
way on the t h i r d  review report, which considers the flood problem 
along the Gila River downstream from Painted Rock Reservoir, Ariz. 

4. This interim report  considers Indian Bend Wash. The f i n a l  
comprehensive report  w i l l  include summaries of findings and con- 
clusions i n  a l l  interim and review reports,  consideration of prob- 
lems i n  areas not covered i n  any interim report ,  and analysis of 
the in te r re la t ion  of problems and plans of improvement i n  a l l  par ts  
of the Gila River basin. 



SCOPE 

5. Geographical scope.--The Flood Control Act of June 28, 
1938. authorized the wrewaration of a survey f o r  flood control i n  - -  , . - 
the  en t i r e  drainage area of the Gila River and t r ibu tar ies ,  Arizona 
and New Mexico. On the basis  of the authorization i n  tha t  ac t ,  the 
Chief of Engineers, on February 13, 1961, authorized an interim 
survey of Indian Bend Wash, Ariz. 

6. An inspection of the Indian Bend Wash basin showed tha t  
the  major flood problems a r e  along the Indian Bend Wash from the 
Arizona canal t o  the S a l t  River. The l imited economic development 
subject t o  flood damage upstream from the Arizona canal is not 
suf f ic ien t  t o  jus t i fy  improvements fo r  flood control a t  t h i s  time. 
Therefore, detai led consideration i n  t h i s  report  is generally 
l imited t o  the flood problems of urban and agricul tural  areas 
between the canal and the S a l t  River. 

7. Functional scope.--The interim survey described i n  t h i s  
report  was made t o  consider, i n  the most par t ,  the  need f o r  flood 
control and the  solution of flood problems i n  the affected areas. 
Water conservation a s  a purpose fo r  the project was not considered 
because of the inadequacy of flow i n  the area and the lack of 
adequate s i t e s  fo r  storage. However, l oca l  i n t e re s t s  have been 
using floodflows, intercepted by the Arizona canal, a s  a supple- 
ment t o  i r r iga t ion  flows i n  the canal. Consideration was given t o  
the incorporation of features  i n  the recommended improvement t o  
permit interception of floodwaters i n to  the canal. The development 
of hydroelectric power was not considered because the runoff from 
t h i s  re la t ive ly  dry drainage area,  which has a high evaporation 
r a t e ,  would be inadequate f o r  the generation of power. The lack of 
adequate s i t e s  f o r  water storage a l so  precluded consideration of 
recreational development a s  a purpose fo r  the project. 

PRIOR RXPORTS 

8. No prior survey report  on flood control i n  the Indian Bend 
Wash basin has been submitted t o  Congress by the U. S. Army Corps 
of Engineers. 



DESCRIPTION 

9. Location and extent.--The Indian Bend Wash Basin, which 
i s  a small par t  of the 58,200-square-mile drainage area of the 
Gila River, comprises about 224 square miles i n  south-central 
Arizona about 10 miles ea s t  and northeast of Phoenix. Indian 
Bend Wash i s  t r ibutary t o  the Sa l t  River upstream from Phoenix. 
The basin, which i s  en t i r e ly  within Maricopa County and par t ly  
within the Phoenix metropolitan area,  i s  an elongated area with a 
maximum north-south length of about 26 miles and a maximum east- 
west width of about 15 miles. (See index map, pl. 1, a t  end of 
the main report .)  

10. Streams.--Indian Bend Wash, the main stream i n  the 
drainage area,  r i s e s  on the southwestern slopes of the McDowell 
Nountains and flows generally southward f o r  about 32 miles t o  the 
Sa l t  River. Several unnamed streams are  t r ibu ta ry  t o  Indian Bend 
Wash upstream from the point a t  which the Arizona cana l  crosses the 
wash near Scottsdale. Because t h a t  canal continues across the 
Indian Bend Wash basin, several  other unnamed streams tha t  or igi-  
nate t o  the ea s t  of the wash and tha t  formerly entered Indian Bend 
liash downstream from the canal crossing a re  now intercepted by tha t  
canal. Flow i n  these streams reaches Indian Bend Wash, j u s t  upstream 
of Van Buren S t ree t ,  only i n  the event of breaks i n  the canal. 
Because of the natural  low divides between streams and because of 
topographical changes due t o  grading f o r  roads and f o r  agr icu l tura l  
purposes, some of t h i s  flow would enter the S a l t  River before it 
reaches Indian Bend Wash. Surface flow i n  a l l  streams i n  the 
Indian Bend Wash basin i s  intermittent.  

11. In general, stream slopes are  steep i n  the mountains and 
moderate i n  the valleys. Stream slopes range from about 100 f e e t  
per mile i n  the  mountains t o  about 20 f e e t  per mile near the con- 
fluence of Indian Bend Wash and the Sa l t  River. Downstream from 
the base of the mountains, the streams generally flow i n  poorly 
defined channels t h a t  a r e  generally adequate f o r  only small flows. 

12. Granite Reef Dam and the Ar'izona canal ,  which extends 
across the Indian Bend Wash basin, are  operated so t h a t  the canal 
can intercept  a l l  flows i n  the stream channels ranging up t o  about 
2,000 cubic f e e t  per second i n  the reach between the Evergreen and 
Indian Bend Wash wasteways. The Evergreen wasteway is  operated t o  
release intercepted flows i n  excess of 2,090 cubic f e e t  per second 
in to  a wash located about 5 miles ea s t  of Indian Bend Wash, and the 
Indian Bend Wash wasteway i s  operated t o  release intercepted flows 
i n  excess of 2,000 cubic f e e t  per second in to  Indian Bend Wash up- 
stream from Scottsdale. The canal bank may be breached a t  almost 
any point by larger  flows. The capacity of the exis t ing Indian 
Bend Wash channel downstream from the canal is about 1,500 cubic 
f e e t  per second. 



13. Topo~raphv and vegetation.--Elevations i n  the  drainage 
area range from 1,200 f e e t  a t  the S a l t  River t o  about 3,000 f e e t  
i n  the mountains. The elevation of Scottsdale is about 1,250 feet .  
About 20 percent of the area i s  mountainous, the remainder being a 
gently ro l l i ng  desert  plain. The plain has a general slope t o  the 
southwest, which ranges from about 40 f e e t  per mile i n  the lower 
reaches t o  about 150 f e e t  per mile i n  the upper reaches a t  the  
base of the mountains. 

14. Vegetation i n  the  Indian Bend Wash drainage area above 
the Arizona canal i s  sparse. Cactus, creosote bush, sagebrush, 
and paloverde a r e  the dominant desert  plants. The area downstream 
from the Arizona canal i s  served with i r r iga t ion  water by the canal 
and has been developed in to  productive farmland and landscaped 
resident ia l  t rac t s .  
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ECOiJO14IC DEVELOPIDMT 

15. Population.--The pr incipal  area affected by improvements 
considered i n  t h i s  report  extends f o r  about 7 miles along both 
sides of Indian Bend Wash from the Arizona canal t o  the Sa l t  River. 
The area includes the eastern pa r t  of the town of Scottsdale. 
According t o  the U. S. Census, the population of the town of 
Scottsdale increased from 2,032 i n  1950 t o  10,026 in 1960, repre- 
senting a 10-year increase of nearly 400 percent. Estimates by the 
?.faricopa County Planning and Zoning Department indicate t h a t  the 
Scottsdale area with a 1950 population of l e s s  than 5,000 and a 
1960 population of 32,700 would have a population of 86,000 by 1980, 

a 
which would represent a 20-year increase of about 160 percent. 

16. Occupations and industries.--The economy of the Scotts- 
dale area i s  closely interwoven with t ha t  of the Phoenix urban area. 
Studies indicate t ha t  about 30 percent of the estimated 10,000 
employed persons residing i n  the Scottsdale area commute t o  jobs 
outside tha t  area. In the  Scottsdale area ,  the  d i s t r ibu t ion  of 
remaining employed persons i s  about a s  follows: manufacturing, 28 
percent; resor t s ,  hotels,  and t o u r i s t  apartments, 16 percent; r e t a i l  
t rade,  16 percent; construction, 13 percent; personal services,  19 
percent; and Government, schools, and u t i l i t i e s ,  8 percent. 

17. PIanufacturing establishments i n  the Scottsdale area  
include a major e lectronics  center and research laboratory of 
I40torola~ Inc., and many small plants  providing ceramics, handi- 
c r a f t s ,  t e x t i l e s ,  and lea ther  goods for  the large t o u r i s t  trade. 
Another major occupation i s  the lodging, feeding, and entertain- 
ment of the many tour i s t s  who v i s i t  the area ,  especially during 
the winter season. 1:iore than 2,000 r en t a l  un i t s  a r e  avai lable  i n  
apartments, motels, and resor ts .  During the winter season alone, 
the  average length of s tay i s  10 weeks i n  apartment un i t s  and 3 
weeks i n  resor t  units .  

18. The overflow area of Indian Bend Wash contains a large 
number of residences, 2 schools, and a major shopping center with 11 
shops and a service station.  

19. Land use and development.--Intensive agr icu l tura l  devel- 
opment within the Indian Bend Wash basin stems from the Reclamation 
Act of 1902 and the subsequent authorization of the Sa l t  River 
project. Urban development i n  the basin began with the establish- 
ment of the townsite of Scottsdale i n  1913. a 

20. The ava i l ab i l i t y  of i r r i ga t ion  water from the S a l t  River 
project  f a c i l i t i e s  resulted i n  ail increasing agr icu l tura l  develop- 
ment not only f o r  the Scottsdale area but a l so  f o r  the e n t i r e  Phoenix 
area. The arnount of project  land under cul t ivat ion reached a high 
of 227,000 acres in 1940. For years,  Scottsdale was primarily an 
important center f o r  the surrounding intensively developed 
agr icu l tura l  land. 
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21. Shortly a f t e r  World War 11, the Phoenix metropolitan 
area,  including the Scottsdale area, began a trememdous urban, 
commercial, and indus t r ia l  expansion. fis a r e su l t ,  the economic 
l i f e  of the Scottsdale area became more closely associated with 
t h a t  of the en t i r e  Phoenix area. Because of the increasing urban 
development, agr icu l tura l  ac t iv i ty  decreased and most of the 
agr icu l tura l  development continuing i n  the Indian Bend Wash basin 
i s  now confined t o  the Sa l t  River Indian Reservation, which l i e s  
t o  the eas t  of Indian Bend Wash. The value of agr icul tural  land 
along Indian Bend Wash r e f l ec t s  i t s  prospective use fo r  residen- 
t i a l  purposes. 

22. Water and power.--Domestic water f o r  the Scottsdale area 
is supplied by the c i t y  of Phoenix water system and private water 
companies. I r r iga t ion  water f o r  the Scottsdale area i s  obtained 
d i rec t ly  from Sal t  River project f a c i l i t i e s  (Arizona canal and 
appurtenant l a t e ra l s )  and by pumping from underground supplies. 
Electr ic  power i s  available from the Sa l t  River project and from 
the Arizona Public Service Company. 

23. Transportation facil i t ies.--Soottsdale i s  served by an 
adequate net  of loca l  and State highways. U. S. highways fo r  
transcontinental t r a f f i c  pass through nearby Tempe and Phoenix. 
A main l i ne  of the Southern Pacific ra i l road serves the area with 
trackage through Phoenix and Ten~pe. The Sky iiarbor Airport, 
about 7 miles southwest of Scottsdale, provides complete loca l  
and transcontinental a i r  service. 



24. General.--The climate of the Indian Bend Wash drainage 
area is subtropical and arid. Winters are  mild with pract ical ly  
no snowfall, and the summers a re  hot. The average length of the 
growing season between f r o s t s  is about 280 days. Average wind 
ve loc i t ies  a re  low t o  moderate except t ha t  high gusty winds may 
accompany thunderstorms, usually occurring during July and August. 
U. S. Weather Bureau records fo r  nearby s ta t ions  indicate  a long- 
term average temperature of about 70 degrees Fahrenheit, with the 
temperature ranging from 17 degrees Fahrenheit i n  winter t o  118 
degrees Fahrenheit i n  summer. 

25. Precipitation records.--Precipitation records are  avail-  
able fo r  18 r a i n f a l l  s ta t ions i n  and near the Indian Bend Wash 
drainage area. The only s ta t ion  i n  the drainage area i s  i n  Para- 
d i se  Valley, with records beginning i n  1955. The longest record 
i n  the general area i s  fo r  Phoenix Post Office, with 84 complete 
years of record during the period 1876-1960, inclusive. Two 
recording gages a re  a l so  near the area, the longest record - 
beginning i n  1901 - being a l so  f o r  the Phoenix Post Office. 

26. The 90-year mean annual precipi ta t ion f o r  s ta t ions i n  the 
general area with records of more than 5 complete years ranges from 
7.26 inches per year a t  Phoenix Indian School, about 10 miles west 
of the basin, t o  11.71 inches per year a t  Ba r t l e t t  Dam, about 15 
miles northeast of the headwaters of the basin. The 90-year mean 
annual precipi ta t ion ranges from about 8 inches a t  the mouth of 
Indian Bend Wash t o  about 14 inches i n  the headwaters, with an 
average of about 9 i  inches fo r  the basin. 

27. Storms.--Three types of storms produce r a in  i n  the Indian 
Bend Wash drainage area - general winter storms, general summer 
storms, and loca l  thunderstorms. The general winter storms, which 
originate over the  Pacific Ocean, a re  composed of polar Pacific and 
t ropica l  Pacific a i r  masses moving eastward. Such storms, which 
occur during the winter, r e f l ec t  an orographic influence and, 
though low i n  intensi ty ,  may l a s t  several  days and cover the en t i r e  
basin. General summer storms r e su l t  from an inf lux of moist tropi-  
ca l  a i r  from the Pacific Ocean or from the Gulf of 'iexico. These 
storms approach the Indian Bend Wash drainage area from the south 
or southeast and produce heavy precipi ta t ion on large areas. Such 
storms r e f l e c t  some orographic influence. They usually occur during 
l a t e  summer or ear ly  f a l l ,  and occasionally a s  early a s  July or as  
l a t e  a s  February. Local thunderstorms, which a r e  frequent summer 
phenomena, cover comparatively small areas and have high r a i n f a l l  
i n t ens i t i e s  of short  duration, usually 3 hours or less. 



28. Floods may re su l t  from any of the three types of storms. 
The la rges t  flood on Indian Bend Wash f o r  which an estimate of 
peak discharge i s  available (August 1943) occurred a s  a r e su l t  of 
heavy r a in  from a summer thunderstorm. However, damaging floods 
of record i n  adjacent drainage areas have resulted from general 
winter storms and general summer storms. 

29. Runoff data.--No runoff records a r e  available f o r  any 
streams i n  the Indian Bend Wash drainage area. A recording stream- 
gaging s t a t ion  sponsored by the Corps of Engineers was ins ta l led  by 
the U. S. Geological Survey i n  1961 on Indian Bend Wash, near 
Scottsdale, mile upstream from the Arizona canal. 



FLOODS 

30. Floods of record.--Records of discharge measurements f o r  
past  floods on Indian Bend Wash a re  l imited t o  the flood of August 
1943. The peak discharge of t h i s  flood was estimated a t  15,000 
cubic f e e t  per second a t  the Arizona canal. 

1 .  However, because floodflows along Indian Bend Wash would 
be comparable t o  those along Cave Creek, a contiguous drainage area 
t o  the west, the magnitude of past  floods on Indian Bend Wash i s  
indicated t o  some extent by incomplete records of past  floods on Cave 
Creek. Large floods are  lcnown t o  have occurred along Cave Creek i n  
February 1905 and August 1921; small t o  medium floods i n  September 
1916, iilovernber 1919, January 1922, and August 1943; and minor floods 
i n  3-9359 1939, 1945, 1951, 1955, 1957, and 1959. 

32. Flood characteristics.--1~lost floods i n  the Indian aend 
Mash basin a r e  of the thunderstorm type tha t  occur unexpectedly, 
with l i t t l e  time to  warn affected communities of impending danger 
t h a t  may r e su l t  i n  loss  of l i f e  and damage t o  property. However, 
flooding can a l so  occur from e i ther  general summer storms or  general 
winter storms over the area. Duration of flooding from thunder- 
storms rarely  l a s t s  more than a few hours. L i t t l e  streamflow occurs 
except immediately following the heavier ra ins ,  because climatic and 
drainage-area character is t ics  a r e  not conducive t o  continuous runoff. 

33. Because of steep gradients, streamflow i n  the mountains 
increases rapidly i n  response t o  high-intensity r a i n f a l l  and causes 
high-peak debris-laden floods t o  debouch onto the valley plains  
below. As the flow reaches the valley plains ,  it spreads out a s  
overland flow, and a considerable amount of flow i s  l o s t  t o  strearn- 
bed percolation. The stream channels a r e  generally poorly defined 
and a re  adequate t o  accommodate only minor flows. The percentage 
of impervious area,  especially i n  the lower reaches of the drainage 
basin, is increasing appreciably because of the urban developments 
taking place. Vegetation, being sparse, has a negligible e f f e c t  
on flood runoff. 

34. Flood frequencies.--Because of the lack of adequate strearn- 
flow data f o r  the Indian Bend Wash drainaae area. discharge-freauencv 
curves were developed by making adjustments i n  the discharge- 
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frequency curve f o r  Whitlow Ranch Dam on nearby Queen Creek t o  
r e f l e c t  differences i n  drainage-area characterist ics.  The discharge- 
frequency curve and more detai led information on i t s  development are  
included i n  appendix 4. The estjmated frequencies of uncontrolled 
floods of various magnitudes f o r  Indian Bend Wash a t  Thomas Road are  
l i s t e d  i n  the following table: 



Estimated flood freauencies, Indian Bend Wash a t  Thomas Road 
- -- 

Number of times t h a t  flood would be : Uncontrolled peak 
equaled o r  exceeded i n  100 years : discharges 

: Cubic f e e t  
per second 

0.23..........................................: 72,000* 

* Standard project flood. 
** Nondamaging. 

35. Standard oro.iect flood.--A standard project flood is an 
estimated or hypothetical flood tha t  might be expected from the 
most severe combination of meteorological and hydrological condi- 
t ions t h a t  a re  considered reasonably character is t ic  of the  geo- 
graphical region involved, excluding extraordinarily r a r e  combina- 
tions. Such a flood could occur i n  the  area considered i n  t h i s  
report  i f  a storm equivalent i n  magnitude t o  tha t  of the la rges t  
storm of record i n  the  general region were t o  center c r i t i c a l l y  
over the  drainage area when ground conditions were conducive t o  a 
high r a t e  of runoff. The magnitude of such a flood const i tutes  a 
reasonable appraisal  of the flood-producing po ten t i a l i t i e s  of the 
wash and is considered a reasonable upper l i m i t  i n  determining the 
s i ze  of the flood f o r  which flood-control improvements might be 
designed. 

36. Estimates of the  magnitude of the standard project  flood 
i n  the  area considered i n  t h i s  report are  based on calculations of 
runoff t h a t  would r e su l t  i f  a storm having character is t ics  of the 
August 19, 1954, thunderstorm, which centered over the Queen Creek 
drainage area,  were t o  center over the Indian Bend Wash drainage 
area. Detailed information on the determination of the standard 
project flood is given i n  appendix 1. The peak discharges of the 
standard project flood a t  pertinent points along Indian Bend Wash 
a r e  given i n  the following table: 



Estimated peak discharges of standard project  flood on Indian Bend 
Wash, Arizona 

Location 
: Peak 
: discharge 

: Cubic f e e t  
Along Indian Bend Wash: : per second 

A t  Arizona canal (stream mile 7). ................... : 72,000 
A t  Thomas Road (stream mile 3). ..................... : 72,000 
A t  mouth (excluding t r ibu ta ry  flow entering the 

wash a t  Van Buren St. ). ........................... : 73,000 



EXTWT Aim CHARACTER OF OVERFLOW AREA 

37. Location and extent.--The overflow area affected by the 
iniarovements considered i n  t h i s  report  corlsists of 3.100 acres 
a h g  Indian Bend Wash from the Arizona canal t o  ~ a i t  River, a 
distance of about 7 miles. (See pl. 3.) 

38. Wpe and value of property i n  overflow areas.--The devel- 
oped areas subject t o  overflow by floods along Indian Bend Wash 
include both urban and agricul tural  in~provements. Information on 
the type and value of improvements i n  the overflow area considered 
i s  given i n  the following subparagraphsn 

(a) The 3,100-acre overflow area along Indian Bend Wash 
ranges i n  width from about 2,000 f e e t  a t  tfcDowell Road t o  almost 
5,000 f e e t  jus t  downstream from the Arizona canal. In tha t  over- 
flow area,  the present value of res ident ia l  property - although 
occupying only about 9 percent of the area - i s  estimated a t  about 
48 percent of the t o t a l  value i n  the area. The res ident ia l  prop- 
e r ty  includes more than 900 homes, ranging i n  value from $10,000 
t o  $18,000. A similar comparison shows tha t  the present value of 
agr icul tural  property - although occupying about 48 percent of the 
area - i s  estimated a t  only about 26 percent of the t o t a l  value. 
Agricultural property includes land, crops, farm buildings 
(exclusive of dwellings) and equipment, fences, farm roads, and 
livestock. Commercial and public developments and u t i l i t y ,  s t r ee t ,  
and highway improvements account f o r  about 10 percent of the value 
and about 3 percent of the overflow area. About 40 percent of the 
overflow area i s  presently undeveloped. 

(b) Past growth i n  the area under consideration, the growth 
that iz now taking place, and forecasts of future  growth indicate 
t h a t  future  values over the next 100 years w i l l  be considerably 
greater than present values. Analysis was made of (1) population 
growth studies of the Phoenix urban area,  (2) economic analyses 
and projections for  the c i t y  of Phoenix and >faricopa County, (3) a 
co~nprehensive plan prepared fo r  the toxin of Scottsdale by the :~iari- 
copa Countx Planning and Zoning Department, and (4) estimates of 
available space f o r  expansion and of the avai labi l i t*  of water 
supply. Population projections were made fo r  a 50-year period f o r  
Ikricopa County, the Scottsdale area,  and the Indian Bend Wash 
overflow area. Because of the large growth expected t o  occur i n  
the area during the next 50 years and the lack of sui table  data t o  
predict  growth i n  t h i s  area beyond 50 years, it was conservatively 
assumed, f o r  the purpose of t h i s  report ,  tha t  the development and 
population would remain constant during the 50- t o  100-year period. 
These analqses indicated t h a t  average future values i n  ldiaricopa 
County over the next 100 years (assuming 1961 price levels)  fo r  



resident ia l ,  commercial, public, u t i l i t y ,  s t r e e t ,  and highway 
property would be about 115 percent greater than present values. 
These analyses a l so  indicated t h a t  growth i n  the  Scottsdale area 
would probably exceed the average growth i n  Maricopa County. It 
was fur ther  conservatively assumed fo r  the purpose of t h i s  report  
t ha t ,  over the next 100 years, the value of the property indicated 
above, i n  the overflow area of Indian Bend Wash, would follow the 
county pattern. The value of agr icul tural  and undeveloped property 
w i l l  decrease during the period t o  account fo r  the lands used i n  
the increased development. 

39. In order t o  r e f l e c t  the 100-year period of development, 
future  values were discounted by the application of present-worth 
factors. Additional information on the  present and considered 
average future  development i n  the overflow area i s  given i n  appendix 
4. A summary of the  value of property i n  the overflow area i s  given 
i n  the following table: 

Summary of estimated value of property sub.iect t o  damage by an uncon- 
t ro l led  standard project flood i n  the overflow area along Indian 
Bend Wash 

: Present : Average 
: (1961) : future  

Property : value of : value of 
: property : property* 

: ............................ Residential.. : $1$,200,000 : $32,800,000 ............................. Commercial.. : 2,000,000 : 4,300,000 ................................ Public.. .: 1,200,000 : 2,600,000 
Farmland and improvements.. .............. : **8,000,000 : **6,200,000 
Crops. ................................... : 300,000 : 200,000 
I r r iga t ion  works.........................: 400,000 : 400,000 
Highways, roads, and streets.............: 1,000,000 : 2,100,000 
Utilities................................: 1,300,000 : 2,800,000 
Undeveloped land.........................: ***2,400.000 : 1.800.000 

................ Total (3,100 acres). : 71,800,000 : 53,200,000 

* The value of average future  development fo r  period 1961-2060 
without additional flood control was discounted by using present- 
worth factors. ** Reflects the value of agr icu l tura l  land susceptible t o  sub- 
division f o r  urban development. *** 1,200 acres of undeveloped land under present conditions. 



FLOOD DAltWGES 

40. Damages from past floods.--No monetary estimates of 
damages from past  floods on Indian Bend Wash are  available,  prima- 
r i l xbecause  of the lack of major improvements i n  the overflow area 
prior t o  19.50. Since 1950, although developments have increased i n  
the overflow area,  only minor damages have been reported. iiowever, 
the occurrence of damaging floods i n  nearby ddrinage areas and the 
increasing development along Indian Bend Wash have aler ted loca l  
in te res t s  t o  the need for  protection against damage by similar 
floods i n  the Indian Bend ifash drainage area. The flood of August 
1943 caused considerable damage t o  the Arizona canal, but no mone- 
t a ry  estimate of damage t o  developments i n  the overflow areas was 
made. However, a theoret ical  study was made of the probable over- 
flow area resul t ing from a discharge of 15,000 cubic f e e t  per 
second reported a t  the Arizona canal fo r  the August 1943 flood. 
An analysis of damages tha t  would occur from such a flood t o  both 
presen.t and estimated future development was then made. It is 
estimated tha t  the August 1943 flood would cause t o t a l  damages 
amounting t o  $1,050,000 if it were t o  occur under present condi- 
t ions,  and $1,600,000 i f  it were t o  occur under average future 
conditions. 

41. Most of the developrnent along Indian Bend Wash has taken 
place during the l a s t  10 years. The occupants of t ha t  area have 
not witnessed a storm producing a large damaging discharge along 
Indian Bend Wash during tha t  time. The la rges t  damaging flood 
t h a t  occurred i n  recent years i n  the general area occurred i n  
August 1951 along Trilby Wash, about 20 miles west of Phoenix, 
Ariz. A t  t ha t  time, a general summer flood with a magnitude of 
34,000 cubic f e e t  per second caused damages estimated a t  
$2,850,000 (1951 pr ices)  t o  a predominantly agr icul tural  area. 
Since both areas a re  i n  the same region of meteorologicnl homogen- 
i e ty ,  it i s  possible and probable t h a t  a storm such as  the 1951 
storm could occur over the Indian Bend Wash area. I f  t h a t  storm 
had centered over the Indian Bend IJash drainage area,  tile resul t -  
ant  estimated discharge i n  Indian Bend Wash a t  the Arizona canal 
would have been about 22,000 cubic f e e t  per second, causing 
damages under present conditions of about $1,800,000. 

42. Damages from future floods.--;3ydraulic and economic 
studies were made t o  determine the effect  of floods of various 
magilitudes on present and future  development. In estimating the 
damage from a single flood, consideration was given t o  the probable 
extent of i ts  overflow area; the type and value of property subject 
t o  damage; and the extent of damage tha t  would occur t o  each type 
of property from floodwaters of computed depth and velocity. The 
selected flood magnitudes range from a discharge tha t  would cause 
a small amount of damage t o  the discharge of the standard project 
flood. The estimates of damages include physical damages, emer- 
gency costs,  and business and f inancial  losses tha t  would be 
caused i n  the overflow area by floods of various magnitudes. 
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43. In the following tables  are  given (a) pertinent informa- 
t ion on damages tha t ,  under present conditions, would occur t o  
various types of property as  a r e su l t  of the standard project  flood 
on Indian Bend and (b) a summary of estimates of damages from 
future  floods of various magnitudes i n  the overflow area. 

Estimated damage resul t ing from a standard project  flood along 
Indian Bend !$ash, Arizona 

Damages based on 
: Present 2 present 71961) conditions 

: Emergency : i (lg6') f Physical : costs and : : value : damages : business : Total 
- 

: losses  : . . . Residential.. ..: $15,200,000 $2,980,000 $300,000 $3,280,000 
Commercial.....: 2,000,000 : 300,000 : 80,000 : 380,000 
Public.........: 1,200,000 : 110,000 : 11,000 : 121,000 
Farmland and : 

improvements.. : 8,000,000 : 140,000 : 14,000 : 154,000 
Crops..........: 300,000 : 100,000 : 34,000 : 134,000 
I r r iga t ion  
works.........: 400,000 : ~ O , O O O  : 4,000 : 74,000 

Highways and : I : 
roads.....,...: 1,000,000 : 70,000 : 24,000 : 94,000 

Utilities......: 1,300,000 : 30,000 : 3,000 : 33,000 
Undeveloped : : 
land.. ........ : 2,400,000 : 0 : 0 : 0 

.... Total.. : 31,800,000 : 3,800,000 : 470,000 : 4,270,000 



Swunarv of the estimated damages from fu ture  floods of various magnitudes along 
Indian Bend Wash 

: ilanages based on present (1961) : Total damages 
: developments and pr ice  l eve l s  : based on 

: bhergency : : present worth 

Flood magnitude 
: Physical : costs and : : of average 
: danaees : business : : future  - 

1 OSSPS : : developments* . 
Cubic f e e t  ae r  second : 

**72.000.. ........ ;. ........ : $3,800,000 : $4-70,000 : $4,270,000 : $7,06o.o00 

* For period 1961-2060 without additional flood control (based on 1961 pr ice  levels).  
** Standard project flood. 

Note: Flood magnitudes a r e  measured a t  Thomas Road. - 



44. Average annual flood damages.--A curve was drawn showing 
the relationship between peak discharge and resul tant  damages 
under conditions of average future development fo r  the overflow 
area along Indian Bend Wash. The curve was combined with the 
discharge-frequency curve described under a preceding heading, 
jiFlood frequencies,:' t o  obtain a damage-frequency curve. The 
discharge-damage curve and the damage-frequency curve a re  shown 
on p la te  2 of appendix 4. 

45. The area under the damage-frequency curve represents the 
estimated average annual flood damage. The average annual flood 
damages, based on present and average future  value of development, 
a re  shown i n  the following table: 

Estimated average annual future damages i n  the overflow area along 
Indian Bend Wash. Arizona 

: Average annual 
damages 

; 
Under present (1961) development.. ............... : $330,000 ................. Under average future  development : *550,000 

* Based on (2)  the value of average future  development (1961- 
2060) a f t e r  discounting by using present-worth factors  and (k) 
1961 price levels.  

46. Intangible flood damages. --In addition t o  the tangible 
damages evaluated i n  t h i s  report ,  serious damages not susceptible 
of monetary evaluation would r e s u l t  from future  floods in  the over- 
flow areas considered i n  t h i s  report. Such intangible damages from 
future floods would r e s u l t  from los s  of l i f e ;  interruption of 
delivery of water through the Arizona canal, with resul tant  inter-  
ruption of del iver ies  of i r r iga t ion  water and of del iver ies  t o  the 
Phoenix municipal water system; isolat ion of the Indian Bend Wash 
area from the remainder of the metropolitan area of Phoenix; 
interruption of homelife and school and other normal community 
ac t iv i t i e s ;  and general lowering of community morale. 



EXISTING CORPS OF EiaGIlWERS FLOOD-CONTROL IMPROVDiENTS 

47. iio exis t ing flood-control project  i n  the Indian send 
Wash drainage area is under the jur isdict ion of the U. S. Army 
Corps of Engineers. The improvements being considered f o r  
construction would not be affected by any other improvements i n  
the Gila River basin. 

48. tIowever, discharges from the considered improvements 
would empty in to  the Sa l t  River channel t o  be cleared under the 
ex is t ing  Corps of Engineerso project  f o r  the G i l a  and Sa l t  Rivers 
levee and channel improvement. That project ,  which was authorized 
by the Flood Control Act of July 14, 1960, would include ( a )  
levees along the S a l t  River i n  the v ic in i ty  of Phoenix and-Tempe, 
Ariz., (b) a cleared floodway along the Sa l t  and Gila Rivers 
between Granite Reef and Gil lespie  Danls, and (2) low-flow or  
p i l o t  channels along par t s  of the cleared floodway. (See H. 
Doc. 279, 86th Cong., 2d sess. ) 

DPROVE2ENTS BY OTiER FJDERAL AND iTOM-FEii%RAL AGENCIES 

49. No improvements f o r  the control  of floods i n  the Indian 
Bend Wash basin have been constructed by e i the r  non-Federal 
agencies or  other Federal agencies. iIowever, the Arizona canal, 
a un i t  of the S a l t  River project  t h a t  conveys i r r i ga t ion  water 
from Granite Reef Dam on Sa l t  River t o  lands north of the r i ve r ,  
exte,ids i n  an east-west di rect ion across the drainage area and 
intercepts  flows not exceeding i ts  capacity. The canal has a 
capacity of about 2,000 cubic f e e t  per second i n  the reach 
between the Evergreen aiid Indian Bend wasteways. Its capacity t o  
handle floodflows i S  dependen-t upon the amount of water i n  the  
canal and the a b i l i t y  of operators of the canal t o  discharge 
i r r i ga t ion  water i n t o  the wasteways a t  tirne of floodflows. 
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IMPROVEMENTS DESIRED 

50. Public hearinq.--The district engineer held a public 
hearing at Phoenix, Ariz., on December 9, 1959. The hearing was 
attended by 178 persons, including interested private citizens and 
representatives of various agencies of the Federal Government, the 
State of Arizona, and Maricopa County. The hearing was held to 
gather information regarding flood control for Phoenix, Ariz., and 
vicinity, including New River. Indian Bend Wash is in the Phoenix 
metropolitan area. 

51. Improvements desired by local interests.--At the public 
hearing, local interests, including ivlarico~a County, the cities of 
phoenix and Scottsdale, and the ~ a i t  ~iver- project (all represented 
by the Flood Control District of Maricopa County), presented a plan 
of improvement providing for channelization of Indian Bend Wash. 

52. Reasons advanced in .justification of im~rovements desired.-- 
Representatives of local interests stressed the need for control of 
floods along Indian Bend Wash. Such flood control would (a) prevent 
inundation of a highly developed residential area in the town of 
Scottsdale and adjoining areas, (b) prevent interruption of the 
delivery of irrigation water in the Arizona canal, and (2 )  prevent 
interruption of highway and street traffic. 

FMOD PROBLEMS AND RELATED PROBLEMS 

53. A serious flood problem exists along Indian Bend Wash, 
especially downstream from the Arizona canal, because of the inade- 
quate capacity of the stream channel. Because the area is developing 
rapidly, future floodwaters could cause recurrent damage of much 
greater proportions to land and improvements along the wash than 
formerly occurred. Ilamage would be caused principally by inundation 
and by debris deposition. Nost of the damage would occur to resi- 
dential and business property. However, considerable damage also 
would occur to agricultural, irrigation, public, highway, and 
utility properties. Water-conservation problems or other problems 
related to flood problems are not of sufficient magnitude to warrant 
detailed investigation in connection with this flood-control survey. 



PLANS OF IIPROVEPEMT COIJSIDERED 

54. General.--Yecause of a lack of sui table  reservoir s i t e s  
and because of high evaporation ra tes  and re la t ive ly  low average 
annual r a in fa l l ,  no consideration was given t o  a Federalmultiple- 
purpose project  providing fo r  water conservation, hydroelectric 
power, f i s h  and wildl i fe  development, or recreational development 
i n  addition t o  flood control. However, interruption of delivery 
(via  the Arizona canal) of water diverted a t  Granite Reef Dam 
because of damages t o  the canal i n  and adjacent t o  the Indian 
Bend wasteway would be prevented bx operation of the recommended 

, 

improvements. 

55. Consideration was given t o  the construction of deten- 
t i on  basins. However, a reservoir located jus t  upstream from 
the Arizona canal would involve excessive rights-of-way costs 
and a high cost  of dam construction. I; reservoir located above 
the presently developed area would not provide an adequate 
degree of control of floods along Indian Bend Wash downstream 
from the Arizona canal. 

56. Plan ~roposed  by loca l  interests.--The plan proposed 
by local  i n t e re s t s  f o r  the protection of lands along Indian Bend 
Wash provides f o r  a channel extending f o r  about 16 iniles gener- 
a l l y  along Indian Bend Wash from a point i n  the v ic in i ty  of Bell  
Road (an east-west road about 4 miles north of Shea Blvd.) and 
48th Street  t o  the confluence with the Sa l t  River. 

57. Plans considered.--Two plans of improvement were 
considered fo r  the protection of the area. The recommended plan 
of improvement provides f o r  the construction of a channel improve- 
ment along Indian Bend Wash from the Arizona canal t o  the Sa l t  
River. Channelization of Indian Bend Ihsh north of the Arizona 
canal t o  Bel l  Road was considered but could not be economically 
justif ied.  The a l te rna t ive  plan considered would have provided 
fo r  the interception of Indian Bend Wash flows and the diversion 
of these flows i n  a southeasterly direct ion t o  the Sal t  River. 

58. Indian Bend Wash channel im~rovement (recommended 
-).--The Indian Bend Mash channel improvement meets the needs 
for  flood c o n t r o l i n  the Scottsdale area, a s  expressed by loca l  
interests .  The major feature of the recommended plan (see pl. 3 
of main report  and pls. 1, 2, and 3 of appendix 2)  would be a 
concrete-lined channel about 7 miles long, s t a r t i ng  a t  the 
Arizona canal and extending i n  a southerly direct ion t o  the Sa l t  
River. The design flood of 40,000 cubic f e e t  per second would 
be controlled by the improvement. 

59. Two ear th  levees would be required just  upstream from 
the Arizona canal t o  co l lec t  and d i rec t  the floodwaters toward 
the channel. The levees would be designed so a s  not t o  be over- 
topped by a standard project flood. The Arizona canal would be 
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siphoned under the channel improvement by means of a box culvert ,  
about 700 f e e t  long, comprising 4 - 11 by 11 f e e t  barrels.  The 
capacity o f t h e  siphon would be 2,000 cubic f e e t  per second. A 
gated s t ructure  would be provided a t  the head of the siphon t o  
control  canal flows. The headworks could be regulated t o  completely 
stop a l l  flow i n  the canal past  t h a t  point  and shunt it through a 
gated wasteway in to  the Indian Bend Wash channel. The concrete- 
l ined channel would be about 7 miles long and would have a trape- 
zoidal section with a bottom width of 14 f e e t  and s ide slopes of one 
ve r t i ca l  on 2+ horizontal. The depth of t he  channel would vary from 
23.5 f e e t  t o  26.5 feet .  The channel would be excavated en t i re ly  
below the natural  ground. A t  the downstream end, an ou t le t  t ransi-  
t ion consisting of a leveed channel section would be provided t o  
d i r ec t  the flows in to  the proposed cleared channel of the Sa l t  River 
and t o  dissipate: energy. The levees i n  the t rans i t ions  would be 
revetted on the channel side. The bottom of the ou t le t  t rans i t ion  
would be paved with stone. 

60. Bridges would be provided a t  Camelback Road, Indian School 
Road, Thomas Road, i4cDowell Road, and Van Buren Street .  A 1 1  sewer, 
water, gas, e l ec t r i c ,  and other u t i l i t y  l i nes  in te r fe r ing  with the 
construction would be relocated. A r e s t r i c t i ve  easement would be 
required f o r  a l l  lands between elevation 1,290 f e e t  and the collec- 
t ion levees i n  the area north of t he  Arizona canal t o  provide f o r  
ponding of water during design flood conditions. Permanent r ights-  
of-way would be required f o r  the col lect ing levees. Rights-of-way 
required f o r  the channel section would vary from 170 f e e t  t o  180 
f e e t  i n  width. 

61. Indian Bend Mash diversion levee (a l ternat ive plan con- 
sidered). --Consideration was a l so  given t o  a plan involving the 
diversion of floodflows above the Arizona canal from Indian Bend 
Wash southeasterly t o  the Sal t  River. The improvement would con- 
sist of an e a r t h f i l l  levee about 11 miles long and about 16 f e e t  
high above the natural  ground surface. The levee would cross the 
Arizona canal about 1,600 f e e t  upstream or  easter ly  of the Evergreen 
wasteway and would del iver  flow t o  the Sa l t  River jus t  upstrearn from 
tha t  point. Standard project  flows, ranging from 55,000 cubic f e e t  
per second a t  the upstreanl end t o  72,000 cubic f e e t  per second a t  the 
lower end of the levee, would be intercepted and diverted t o  the Sa l t  
River. In order t o  accomnlodate these flows behind the levee, a flood- 
way width varying from 2,200 f ee t  t o  2,400 f e e t  would be required. A 
bridge f o r  the Phoenix-Payson-Beeline Highway and s i x  road ramp cross- 
ings of the levee would be provided. 

62. Preliminary considerations indicated t h a t  t h i s  plan might be 
superior t o  the recommended plan. Preliminary estimates indicated tha t  
the cost of t h i s  a l te rna t ive  plan would be $4,600,000 (liovemnber 1961 
pr ices)  ,of which $2,400,000 would be f o r  construction, $1,500,000 for  
rights-of -way, and $700,000 f o r  relocations of u t i l i t i e s ,  highways, and 
i r r iga t ion  f a c i l i t i e s .  Average annual benefits  were estimated a t  
$630,000, of which $495,000 would accrue along Indian Bend Wash and 
$135,000 i n  the Evergreen area t o  the ea s t  of Indian Bend Wash. Average 



annual charges were estimated a t  $184,000 and the benefit-cost 
r a t i o  was computed a t  3.4 t o  1. Nowever, a large portion of 
the length of the diversion levee would have been located on 
lands within the Sa l t  River Pima-Ihricopa Indian Reservation, 
just  uphi l l  from the Arizona canal. When the al ternat ive plan 
was presented t o  loca l  in te res t s ,  strong objections were raised 
by the Sa l t  River Pima-l4arlcopa Indian Tribe and by the Bureau 
of Indian Affairs, a s  follows: 

(a)  The levee proposed under the al ternat ive plan would 
dissect  an area proposed by the Pima-Haricopa Tribe f o r  future 
development. ( A  master plan has since been developed f o r  the 
area,  embracing res ident ia l  and commercial developments. ) The 
Pima-iQricopa Community Council believes tha t  the diversion 
levee and the required easements fo r  its floodway (about 112 
mile wide) would impair the reservation Xands so t h a t  the 
development plan would not be workable. 

(b) The Pima-Maricopa Community Council s ta ted tha t  the 
adverse e f fec t  on the i r  land would be considerably greater 
than the beneficial  e f fec t  they would enjoy from flood control 
if the diversion levee were built .  They pointed out t ha t  
Indian Bend 'Wash flows originate on lands outside the Indian 
Reservation and they object t o  sacr i f ic ing the i r  lands t o  
provide protection primarily t o  non-Indian lands. They 
indicated tha t  a plan of improvement providing protection t o  
the i r  land should be located upstream from the i r  lands. 

(2 )  The Community Council did not agree with the e s t i -  
mated costs fo r  rights-of-way. They pointed out t ha t  the 
estimated average value per acre fo r  the rights-of-way 
amounted t o  about $300, whereas they believed t h a t  average 
values substant ia l ly  higher than t h a t  amount should be 
applied. They contended t h a t  a s  t he i r  development plan 
materializes (and they f e l t  ra ther  strongly that the plan 
would be realized) the Indian lands would achieve a value 
equal t o  t h a t  of desirable land i n  the Scottsdale area,  
worth about $3,500 per acre. 

(d) Land tenure arrangements i n  the reservation would 
complizate the si tuation. The lands through which the levee 
and floodway would pass a r e  a l lo t t ed  lands. If the diversion 
levee were t o  be b u i l t ,  reallocation of remaining reservation 
land would have t o  be made so tha t  individual affected 
members of the t r i b e  would receive other land allotments of 
equal value. The ramifications of t h i s  problem are very 
great since most of the desirable land i n  the reservation has 
been a l lo t t ed  and most of the remaining land i s  mountainous. 

63. Because of the strong objections raised by the Sal t  
1Ziver Pima-ikricopa Indian Tribe and by the Bureau of Indian 
Affairs, no fur ther  consideration was given t o  the diversion 
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levee plan. It was recognized t h a t  the diversion plan would not 
be consonant with the proposed developments being planned by the 
Community Council. An adequate estimate of the jus t i f ica t ion  of 
the diversion plan would be dependent t o  a large degree upon the 
actual  costs of rights-of-way. Recognizing the objections of the 
Indian t r ibe ,  it was realized tha t  actual  costs  f o r  rights-of-way 
would have t o  be determined by a Federal court  and i t  is impossible 
t o  forecast  an equity determination involving Indian land. I f  the 
court were t o  decide the rights-of-way costs  were i n  l i ne  with the 
values estimated by the Indian t r ibe ,  the diversion plan would not 
be a s  favorable, economically, a s  the recommended plan. The 
problem of acquiring necessary easements or rights-of-way without 
the cooperation of the Indian t r i b e  would become impracticable. 
Since the recommended plan provides economically feasible  protec- 
t ion  t o  the area along the Indian Bend Wash, fur ther  detai led 
studies were res t r ic ted  t o  t h a t  plan. 



XULTIPJi3-PURPOSE FEATURES 

64. No storage fo r  water conservation was included i n  
project plans. However, the recommended plan is designed i n  
such a way as t o  allow some floodflows or i r r iga t ion  return 
flows t o  be delivered t o  exis t ing canals downstream from the 
Arizona canal. 

65. A l l  lands fo r  the project would be supplied by loca l  
interests .  These lands would be administered by local  i n t e re s t s  
i n  connection with the i r  operation and maintenance of  the project. 

ESTLTJATES OF FIRST COST k i i  A\~IIJUAL C!IARGES 

66. Estimates of f i r s t  cost.--The estimated first costs of 
the recommended improvements include expenditures fo r  preauthori- 
zation studies; f o r  construction of channel works; f o r  construc- 
t ion,  relocation, or modification of roads, u t i l i t i e s ,  and 
bridges; and fo r  acquisit ion of rights-of-way. Estimates of the 
costs were based on prices prevailing in  November 1961. Allow- 
ances were made f o r  the cost  of engineering, overhead, inspection, 
and contingencies. 

67. Details of the estimated first cost  of the improvements 
under the recommended plan a re  given i n  appendix 3 and a summary 
of these costs i s  given i n  the following table.  

Estimated first costs of Indian Bend Wash channel improvement 
(recommended plan) - based on iqovember 1961 orices 

Plan : Cost 

Federal............................................ *$7,250,000 
Non-Federal..........................................: 1.770,OI 

 total......................................^ 9,020, 000 - I 

3 Does not include $60,000 expended f o r  preauthorization studies. 

68. Estimates of annual charges.--The estimates of annual 
charges for  the improvements considered i n  t h i s  report  include 
(a) in t e re s t  on the t o t a l  investment, (j?) amortization of the 
t o t a l  investment i n  100 years, and (2) average annual costs of 
maintenance and operation. The annual charges were computed using 
a 2-518 percent i n t e re s t  ra te .  Because the in t e re s t  r a t e  used is  
l e s s  than the f a i r  r a t e  of return (5 percent) of land i n  the area,  
an adjustment was made for  the net  loss  of productivity of land t o  
be used f o r  the improvement. 
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69. Construction of the recommended improvement i s  estimated 
a t  2 years. However, benefits  would accrue a s  construction proceeds 
and no in t e re s t  on the first cost  during construction was charged. 
Estimates of investment and of average annual charges fo r  the recom- 
mended plan a re  given i n  the following table: 

Zstimated investment and average annual charges. Indian Bend Ilash 
channel im~rovement. recommended plan (based on idovember 1961 
pr ices)  

(a) Federal f i r s t  cost  and t o t a l  investment .......... 
(b) Federal annual charges. 

(1) Interest ,  2-518 percent on item (2)  ......... 
(2) Amortization of Federal investment i n  

100 years a t  2-518 percent (.00213) 
times item (2) ............................ 

(3)  Total Federal annual charges............ 

(2) Non-Federal f i r s t  cost  and t o t a l  investment.. .... 
(ci) Non-Federal annual charges: 

(1) In te res t ,  2-518 percent on item (2) ......... 
(2) Amortization of non-Federal investment 

i n  100 years a t  2-518 percent (.00213) 
times item (2) ..................... .. .... 

(3) Net loss  of productivity of land, 
2-318 percent times $600,000.. ........... ................... (4) Maintenance and operation 

........ (5) Total non-Federal annual charges 

(e) Total annual charges: 
(1) Federal.. ............ ..... ....... ... ....... 
(2) Mon-Federal.......... ....................... 

.......... (3) Total annual charges.......... 
(4) (Say). .................................. 



70. Taneible benefits.--Tangible benefits  would accrue from 
the prevention of primary flood damages under the recommended plzn 
of improvement. The improvement would protect a l l  lands along 
Indian Bend Wash between the Arizona canal and the S a l t  River from 
damages from a l l  floods up t o  40,000 cubic f e e t  per second. Only 
those flows exceeding 40,000 cubic f e e t  per second would cause any 
damage and these flows would occur only on very r a re  occasions. 
On the occurrence of a flow exceeding 40,000 cubic f e e t  per second, 
the channel would s t i l l  provide a large degree of protection since 
only t h a t  portion of flow above 40,000 cubic f e e t  per second would 
cause damage. Within the protected area,  average annual damages 
prevented would amount t o  about $530,000, which i s  about 96 percent 
of the t o t a l  average annual potent ia l  damage. The flood-control 
channel would a l so  provide an out le t  f o r  a l l  storm drainage works 
which may be constructed by loca l  i n t e re s t s  i n  the area. 

71. Benefits resul t ing from interception of floodwaters f o r  
conservation ( i r r iga t ion)  purposes were not considered susceptible 
of tangible analysis because of the lack of a firm yield and because 
much of t h i s  water is presently being intercepted by the  existing 
canal system. Secondary benefits  were not estimated and were not 
considered i n  project evaluation. 

72. Intangible benefits.--Many benefits  not susceptible of 
monetary evaluation would accrue from the operation of the  improve- 
ments considered i n  t h i s  report. Such benefits  would include 
reduction of the danger of l o s s  of l i f e  from floods. No los s  of 
l i f e  has been reported from past floods along Indian Bend Wash, 
but l o s s  of l i f e  has occurred i n  the Phoenix area. With the high- 
velocity flows and the increasing development i n  the overflow area,  
the danger of l o s s  of l i f e  i s  increasing. Other intangible benefits  
would r e s u l t  from (2) the prevention of interruption of service 
from the Arizona canal, which serves the Phoenix domestic water- 
supply system, as  well as  agr icul tural  areas; (t~) the reduction i n  
the menace of epidemics caused by flood damage t o  sewer and water 
systems; ( 2 )  the  prevention of interruptions t o  business trans- 
actions,  t o  publ ic-ut i l i ty  services, t o  homelife, and t o  school 
and other normal community ac t iv i t i e s ;  and (2) the preservation of 
community morale by reducing the f ea r  of floods i n  the overflow 
areas. 

73. Summary of benefits.--The average annual beriefits t ha t  
would accrue under the recommended plan of improvement a r e  summa- 
r ized i n  the following table. Additional information on the 
development of such benefits  i s  given i n  appendix 4. 



Estimates of average annual benefits from the Indian Bend Wash 
channel imvrovement (recommended d a d  

: Average annual 
Item : damages 

Without flood-control improvements.. ............. : $550,000 
With flood-control improvements.... .............. : 20,000 

Prevented...................................: 530 9 000 



PROJECT FODIULATION AND JUSTIFICATIOM 

74. -.--A summary of the economics of 
the recommended plan of improvement i s  given i n  the following 
table. Secondary and intangible benefits  would add weight t o  
the just i f icat ion.  Consideration of such benefits  would not 
change the conclusions or recommendations of t h i s  report. 

Summary of economics fo r  1ndian Bend ifash channel 
irnprovement (recommended plan) 

Item Value 

................... Total f i r s t  cos t  (November 1961). : $9,020,000 
Total annual charges... ............................. : 292,000 
Average annual primary benefits. .................... : 530,000 
Benefit-cost ratio...,..............................: 1.8 t o  1 
Intangible benefits...........................,.....: Large 

75. Pro.iect formulation.--Construction of the improvements 
recommended i n  t h i s  report  would provide economical,ly feasible  
protection to  an intensely developed res ident ia l  area along Indian 
Bend Wash, i n  and adjacent t o  Scottsdale, Ariz. The recommended 
channel improvement would control a l l  floods up t o  the design 
flood (40,000 cubic f e e t  per second), which i s  expected t o  recur 
on the average of about once i n  100 years. A flood of t h i s  magni- 
tude, although only about 56 percent of the standard project flood, 
i s  more than 2-112 times a s  large a s  any known flood of record. 
The capacity of the channel would be more than 25 times the non- 
damaging capacity of the exis t ing wash. 

76. The design flood was selected on the basis of economic 
factors  and on the desired degree of prot,ection t o  be provided. 
The area subject t o  overflow along Indian Bend Wash i s  developing 
very rapidly t o  res ident ia l  and commercial occupancy. Control of 
a flood smaller than a 100-year flood would be undesirable, so 
long as 100-year control can be just i f ied.  The hazards of l o s s  of 
l i f e  and the e f fec ts  of disruption of conununity a c t i v i t i e s  on the 
occurrence of floods a re  great  and support the need f o r  a high degree 
of protection i n  the Indian Bend Wash overflow area. Consideration 
of a design discharge greater than a 100-year flood indicates,  how- 
ever, t ha t  increasing the design discharge could not be justif ied.  
The capacity of the recommended channel would be exceeded only a t  
very infrequent intervals  and residual average annual damages would 
be very small ($20,000 annually a s  compared t o  a t o t a l  of $550,000 
annually - l e s s  than 4 percent). Increasing the design discharge 
beyond 40,000 cubic f e e t  per second could not be jus t i f ied  by 
these small residual average annual damages. In addition, it was 
considered tha t  when the diversion works, contemplated by the 
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Bureau of Reclamation i n  connection with the  Centra l  Arizona p ro jec t ,  
a r e  b u i l t ,  those f a c i l i t i e s  would o f f e r  add i t iona l  f lood protec t ion  
t o  the  a r e a  s u b j e c t j t o  damage along Indian Bend Wash. The degree of 
protec t ion  t o  be provided i s  considered reasonable i n  l i g h t  of 
present  and f u t u r e  development expected i n  the  area. 

77. Local i n t e r e s t s  expressed agreement with the  recommended 
plan i n  t h a t  it meets the  needs f o r  f lood con t ro l  i n  the  Scot tsdale  
a rea ;  and they considered t h a t  the recommended plan would give 
adequate f lood protec t ion  t o  the  area.  I n  addi t ion ,  they f e l t  t h a t  
because of the  infrequency of overflo>r of t h e  recommended channel 
and the  small amount of r e s i d u a l  damages, they would no t  want t o  
spend the  l a r g e r  sums of money needed t o  bui ld  longer bridges f o r  a 
standard p ro jec t  f lood capaci ty  channel; nor would they want t o  l o s e  
the  add i t iona l  acreage of des i rab le  land required f o r  a l a r g e r  flood- 
con t ro l  channel. 

78. Control of such f loods  would prevent about 96 percent  of 
the  t o t a l  average annual damages i n  the  overflow area  along Indian 
Bend !.rash between t h e  Arizona canal  and the S a l t  River. iiowever, 
flows exceeding t h e  design f lood  would r e s u l t  i n  average annual 
damages amounting t o  $20,000. The recormended improvement would 
a l s o  provide a major o u t l e t  f o r  the l o c a l  storm drainage system. 

79. Preliminary considerat ion indica ted  t h a t  cons t ruct ion  of 
a channel improvement along Indian Bend Wash between Del l  Road and 
the  Arizona canal could not  be econoinically j u s t i f i e d  a t  t h i s  time 
because of the r e l a t i v e l y  small development i n  t h a t  area.  Also, 
under present  condit ions,  such an  improvement would do l i t t l e  t o  
prevent f lood damage because runoff e x i s t s  as widespread sheetflow 
along many r e l a t i v e l y  sinall >ashes ,  concentrat ing a t  the Arizona 
canal.  A channel i n  t h i s  reach, without adequate t r i b u t a r y  and 
c o l l e c t i n g  d ra ins ,  would therefore  have a small  e f f e c t  on reducing 
f lood damages. 

80. Such add i t iona l  information on t h e  recommended plan and 
considered plan a s  c a l l e d  f o r  by Senate Resolution 148, 85th 
Congress, 2d sess ion ,  adopted on January 28, 1958, is contained i n  
a supplement t o  tinis repor t .  
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RELATIONSHXP OF RECOMMENDED PLAN TO COMPR'EHENSIVE BASIN PLAN 

81. The recommended improvement, which provides protection 
t o  a serious local  flood-problem area, would be an integral  par t  
of the comprehensive basin plan for  the Gila River basin, a uni t  
of the Colorado River basin. It would provide economically 
jus t i f ied  flood protection along Indian Bend 1fTash i n  and adjacent 
t o  Scottsdale and permit the s tab i l iza t ion  of values within the 
flood plain. Removal of the flood hazard would permit optimum 
development i n  t h i s  fast-growing area. The flood problem along 
Indian Bend Wash i s  not interconnected with flood problems in  
other par t s  of the Gila River basin. Flood magnitudes along 
Indian Bend Wash are  s m a l l  compared with flood magnitudes along 
the Sa l t  River and floodflows along both streams are  generally not 
coincident. Floods along Indian Bend 1,Jash rarely cause damages 
along the Sa l t  River downstream from the mouth of Indian Bend Wash. 
In addition, the authorized Gila and Sa l t  Rivers levee and channel 
improvement w i l l  improve flow conditions downstream from Indian 
Bend Wash. 

82. The Bureau of Reclamation is now developing preliminary 
plans for  the Central Arizona Project. These plans include an 
aqueduct from the Colorado River t o  the Sa l t  River i n  the v ic in i ty  
of the Granite Reef Dam. This aqueduct, as  presently planned, 
would traverse the Indian Bend Wash drainage area several miles 
upstream from the Arizona canal. To provide flood protection to  
the aqueduct, the Bureau is giving consideration to  a levee up- 
stream from the aqueduct t o  diver t  flows away from the area. This 
diversion levee, i n  addition t o  providing protection t o  the aque- 
duct, would, i f  and when constructed, provide considerable flood 
protection t o  lands located north of the Arizona canal and would 
also reduce flood peaks downstream (south) of Arizona canal. This 
protection would be supplemental t o  the protection provided by the 
proposed improvement. Without the recommended Indian Bend Illash 
channel improvement, the diversion channel under consideration by 
the Bureau of Reclamation would reduce the standard project  flood 
a t  the Arizona canal from 72,000 cubic f e e t  per second t o  64,000 
cubic f e e t  per second, which would not, i n  i t s e l f ,  provide 
adequate protection t o  the  Scottsdale area. 

83. The recommended plan would provide needed flood protec- 
t ion t o  the Arizona canal, one of the main i r r iga t ion  canals i n  
the Sa l t  River Valley. Interruption of delivery of i r r iga t ion  
water and domestic water for  the Phoenix municipal water system 
would be lessened considerably with resul tant  beneficial  effects  
on the economy and morale i n  the valley. 



PROPOSED LOCAL COOPERATIOIt 

84. The loca l  cooperation tha t  would be required f o r  the pro- 
ject  i s  based on the requirements of applicable laws. A s  a. requis i te  
t o  construction of improvernents by the United States under the recom- 
mended plan, responsible loca l  i n t e re s t s  would be required to: 

(2)  Provide, without cost  t o  the United States, a l l  lands, 
easements, and rights-of-way necessary f o r  the construction and sub- 
sequent maintenance and operation of the project,  a t  a cost  estimated 
a t  $700,000 (November 1961). 

(b) Perform, without cost t o  the United States,  a l l  necessary 
construction or relocations of highways, roads, bridges, u t i l i t i e s ,  
i r r iga t ion  and drainage f a c i l i t i e s ,  and a l l  necessary s t r e e t  and 
i r r iga t ion- fac i l i ty  modifications required i n  connection with the 
~ r o j e c t ,  a t  a cost  presently estimated a t  $1,070,000 (iJovember 1961). 

(2) iIold and save the United States f ree  from damages due t o  
the construction works. 

(d) ib in ta in  and operate a l l  the works, a f t e r  con~pletion, i n  
accordance with regulations t o  be prescribed by the Secretary of the 
Army. 

(2) Prevent any encroachment upon the improved channel t h a t  
would reduce i t s  flood-carrying capacity. 

85. The Board of Supervisors of Earicopa County, Ariz., and 
the Board of Directors of the Flood Control ilistr ' ict of iiaricopa 
County, Ariz., by resolution dated 5 February 1962, indicated a 
r~ i l l ingness  t o  provide the items of loca l  cooperation l i s t e d  above. 
A copy of the resolution is included i n  appendix 6: Resolution by 
Local Interests .  Available information indicates t ha t  the Board 
of Supervisors of Naricopa County and the Directors of the Flood 
Control D i s t r i c t  of 3Iaricopa County, under exis t ing State law and 
through the i r  taxing authority,  a re  able t o  meet the specified 
local-cooperation requirements. 

86. The Department of Commerce has informed the Chief of 
Engineers t ha t  Federal-aid highway funds are  not available t o  defray 
any par t  of the costs of a l te r ing  Federal-aid highways fo r  flood- 
control projects,  where local  i n t e re s t s  a re  required t o  assume the 
cost  of such adjustment a s  par t  of the local-coopel-ation requirements. 
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COORDEfATIOM WITH OT!-ER AGDJCIXS 

87. The flood problem and possible remedial measures for  
Indian Bend Mash were discussed with representatives of agencies 
of Z$arioopa County, the State of Arizona, and interested Federal 
agencies. 

88. Pieetings were held i n  Phoenix, b i z . ,  on August 7,  1961, 
December 19, 1961, and February 2 ,  1962, t o  present the proposed 
plan t o  loca l  i n t e re s t s  and t o  Federal and State agencies; t o  
ascer ta in  the i r  views; and t o  insure t h a t  the recommended plan 
would be coordinate with any other plans under consideration. 

89. Prelkninary plans fo r  Indian Bend Wash diversion levee 
(the al ternat ive plan considered) were submitted t o  the Arizona 
Game and Fish Department and t o  the U. 3% Fish and i t i ldl i fe  
Service. Both agencies agreed tha t  no important f i s h  and wi ld l i fe  
resources were involved, inasmuch as the area is urbanized. After 
reviewing a d r a f t  of t h i s  report ,  each agency came t o  the same 
conclusion a s  above, but a l so  s ta ted  tha t  additional benefits  
could be realized i f  water could be impounded permanently a s  pa r t  
of the project. However, the lack of adequate s i t e s  precluded. 
consideration of water impoundment fo r  any of the purposes of the 
project. 

90. Draft copies of t h i s  report  were submitted to  a l l  
Federal and State agencies lcnown t o  have an in t e re s t  i n  the 
investigation. Comments received from those agencies and rep l ies  
by the U. S. Army Engineer Dis t r ic t ,  Los Angeles, where pertinent,  
a re  inclosed in  appendix 5. Plans fo r  the recoxnmended improve- 
ment do not conf l ic t  with the plans of other Federal or non-Federal 
agencies. A summary of s ignif icant  comments i s  given i n  the 
following subparagraphs: 

(a) The Bureau of Reclamation agreed t h a t  the basic plan 
would provide a much needed improvement fo r  the area. iuIinor 
changes i n  the plan suggested by the Bureau were incorporated 
in to  the recommended f a c i l i t i e s .  

(b) The Bureau of Indian Affairs indicated approval of the 
general plan of improvement. That agency suggested tha t  a inodi- 
f i ca t ion  of the crossing of the Arizona canal by Indian Uend bJash 
be considered so tha t  floodwater would not back up the canal t o  a 
dangerous elevation on the upstream Indian lands. The design 
shown i n  the report  should permit floodwaters i n  the canal t o  
pass in to  Inclian Bend liiash without detrimental e f fec t  on the up- 
stream Indian lands. i~ddi t iona l  analysis of the problem would 
be made a t  the t h e  of l a t e r  detai led design studies. 

(c) The Bureau of Land l'ianagexent noted tha t  cer ta in  lands 
near the out le t  of the proposed Indian Bend Wash channel were 
withdrawn by Secretar ia l  Order, dated January 25, 1923, fo r  the 
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Bureau of Reclamation. In response t o  inquiry by t h i s  office 
regarding those lands,  the Bureau of Reclamation s ta ted  tha t  they 
had informed local  i n t e re s t s  t ha t  an easement would be granted 
when flood-control works are  actual ly  inst i tuted.  

(cl) The ?Jational Park Service indicated a desire  t o  make an 
archeological survey of the area i f  the project i s  aathorized. 

(e) The U. S. Public Health Service noted t h a t  the reduction 
i n  flooding of lowland areas expected from the proposed flood- 
prevention measures should r e s u l t  i n  a reduction i n  natural  aquatic 
habi ta ts  which a re  favorable f o r  the production of mosquitoes of 
public health importance. It pointed out t ha t  appropriate preventa- 
t i ve  and control measures should be planned and b u i l t  in to  the 
project and continued a s  a par t  of the regular operation t o  prevent 
the development of man-made aquatic habi ta ts  highly favorable fo r  the 
production of mosquitoes. The Service recommended cer ta in  principles 
and practices i n  the design, construction, operation, and maintenance 
of the proposed project t o  minimize conditions which ~rould increase 
populations of mosquitoes of public health importance. These recom- 
mendations would be considered i n  l a t e r  detailed design studies and 
during construction of the project. 

(2) The Bureau of Public Roads affirmed the statement i n  the 
report  t ha t  Federal-aid highway funds a re  not avai lable  fo r  use on 
highways o r  bridges b u i l t  or reconstructed as  par t  of the local- 
cooperation requirements. 

( g )  The representative of the Governor of Arizona for  flood- 
control matters s ta ted t h a t  the Arizona Game and Fish Department, a s  
indicated above, is not concerned with the project a s  proposed since 
f i s h  and wildl i fe  benefits  w i l l  not be realized. iie concurred with 
the recommendations of the d i s t r i c t  engineer, since the project meets 
the needs f o r  flood control i n  the Scottsdale area a s  expressed by 
local  in te res t s ,  and since the project has been found t o  be economi- 
ca l ly  feasible. 



91. The d i s t r i c t  engineer concludes that: 

(a) A serious flood problem exis t s  along Indian Bend Wash 
where intensively developed urban areas are  subject t o  damage by 
floods. 

(b) The danger of l o s s  of l i f e  and of menace t o  health i s  
great. 

(g) Economically feasible  protection can be provided by 
the construction of a channel improvement along Indian Bend 
Wash from the Arizona canal t o  the Sa l t  River designed t o  
accommodate a discharge of 40,000 cubic f e e t  per second. This 
proposed plan of improvement would prevent about 96 percent of 
the potent ia l  damages i n  the area. 

(cl) The t o t a l  first cost  of the recommended improvement 
i s  estimated a t  $9,020,000 (idovember 1961 prices). Based on 
estimates of average annual charges of $292,000 and average 
annual tangible primary benefits  of $530,000, the benefit-cost 
r a t i o  i s  indicated t o  be 1.8 t o  1. 

( g )  The recommended improvement i s  feasible  from an 
engineering standpoint, i s  well just i f ied by the tangible 
primary benefits  alone, and i s  fur ther  jus t i f ied  by s igni f i -  
cant intangible benefits. 



RECOMMENDATIONS 

92. The d i s t r i c t  engineer recommends: 

(a) That the United States  adopt a project  f o r  the control  of 
floods-along Indian Bend Wash i n  the v ic in i ty  of Scottsdale, Ariz., 
a t  an estimated t o t a l  f irst  cost  of $9,020,000 (November 1961), 
and an average annual cost  of $22,000 f o r  operation and maintenance. 

(b) That construction of the recommended improvement at  a 
t o t a l  estimated cost  t o  the United States of $7,250,000 (November 
1961), be subject  t o  the condition that loca l  i n t e r e s t s  furnish 
assurances sat isfactory t o  the Secretary of the Army tha t  they w i l l :  
(1) provide f r ee  of cost  t o  the United States a l l  lands, easements, 
and rights-of-way necessary f o r  the construction and subsequent 
maintenance and operation of the project  a t  a cost  estimated a t  
$700,000 (November 1961); (2) perform, without cost  t o  the United 
States ,  a l l  necessary construction or relocations of highways, roads, 
bridges, u t i l i t i e s ,  i r r i ga t ion  and drainage f a c i l i t i e s ,  and a l l  
necessary s t r e e t  and i r r iga t ion- fac i l i ty  modifications required i n  
connection with the project  a t  a cost  estimated a t  $1,070,000 
(November 1961); (3)  hold and save the United States f r ee  from 
damages due t o  the construction works; (4) maintain and operate a l l  
works, a f t e r  completion, i n  accordance with regulations t o  be pre- 
scribed by the Secretary of the Army a t  an average annual cost  
estimated a t  $22,000; and (5) prevent any encroachment upon the 
improved channel that would reduce i t s  flood-carrying capacity. 
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H Y D R O L O G Y  

INDWU BEND WASH, ARIZONA 
GILA RIVER BASIN, ARIZ. AND li. lax. 

SCOPE 

1. This appendix contains descriptions of studies made t o  
determine the standard project flood as  required f o r  selected con- 
centration points i n  the Indian Bend Wash drainage area near Phoenix, 
Ariz.  These floods a re  pertinent t o  flood-control planning dis- 
cussed i n  the main report. The locations of the concentration 
points, the boundary of tile drainage area,  and drainage subareas 
a re  shown on plate  1. Locations on Indian Bend Wash fo r  which stand- 
ard project floods have been determined are  l i s t e d  i n  the  following 
table  : 

Concentration : : Drainage 
point number : Location* area 

: 
: Indian Bend Wash: : - miles 

I..............: A t  Sa l t  River near Tempe 203 
2.. ............ : A t  Van Buren St. 168 
'j.............. r A t  Arizona canal 152 

*See pl. 1 
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GENERAL DESCRIPTIOill OF DRAINAGE AREA 

2. Phvsio~raphic character$-s_.--Indian Bend Wash, a t r i b -  
utary of S a l t  River, i s  located. i n  pIaricopa County i n  the  cen t ra l  
par t  of Arizona, northeast rif Phoenix (see pl. 1 ) .  Indian Bend 
Wash drains i n to  the Sa l t  R;mr ?:)out 1-112 miles east  of the  Tempe 
bridge and i s  the pr incipal  drair;-.::-. fo r  Paradise Va.lley. The 
drainage area is bounded on the eas t  by the McDowell iqountains, on 
the north and west by the  Cave Creek drainage area,  the southwest 
by the Phoenix IVIountains and Camelback iqountain, and on the south 
by the S a l t  River. The drainage boundary between Cave Creek and 
Indian Bend Wash is i n  F:ome places indis t inct .  The Arizona Canal, 

a 
flowing from east  t o  west, runs through the lower par t  of the area 
and f o r  low f loxs  ac t s  as  a barr ier .  The mountain area is charac- 
te r ized  by rugged t e r r a in  and s teep gradients, while the lower par t  
of the area  i s  characterl.zed by f a i r l y  f l a t  valley land and regular 
all.uvia1 slopes. Approximately 24 percent of the area i s  mountain- 
ous and the remining 76 percent i s  on the a l l uv ia l  plains where 
the number of suburban developments is increasing. 

3. The drainage area above the considered channel a t  the  S a l t  
River comprises about 203 square miles. A se r ies  of variable 
length,  pa ra l l e l ,  ep!ir?meral streanis descend the slopes of the  moun- 
ta ins  t o  the a l l u v i a l  pis ins  where the watercourses are not well 
defined and spread o ~ t  cver a large area. The length of the main 
watercourse i s  appraximateLy 31 miles. Elevations i n  the area  
range from about 4,000 f ee t  above mean sea leve l  a t  PIcDowell Peak 
t o  approximately 1,160 f e e t  a t  the  S a l t  River near Tempe. The 
gradient of the main stream ranges from about 100 f e e t  per mile i n  
the headwaters t o  about 20 f e e t  per mile a t  t he  lower end of the  
considered channel. The gradient of the headwaters of streams i n  
the  McDowell Mountains is about 1,000 f e e t  per mile. 

4. The rock materials i n  the  mountains vary widely i n  charac- 
ter .  Fine-grained, coarse-grained, and metamorphosed grani tes ,  
including gneiss and sch is t ;  sandstones, breccias,  and metamorphosed 
sedimentary rocks; and various lava rocks including basal t ,  andesite,  
rhyol i te ,  volcanic glass ,  and white tu f f  are  present. The s o i l s  are  
typical  of deser t  and semidesert regions, being mostly shallow, 
rocky, and poorly developed. The s o i l s  i n  the  mountains a r e  resid- 
ual. The valley area occupies a broad plain  t h a t  has been b u i l t  up 
from water-deposited soil-forming materials and rock debris. These 
s o i l s  consist of various forms of clays and loams. The s o i l s  range 
from coarse material  i n  the upper par t  t o  f i n e  material i n  the 
lover par t  of the area. The s o i l s  i n  the lower f o o t h i l l  and valley 

a 
areas a r e  a l l uv ia l  and i n  some places are  f a i r l y  well developed. 
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5. In general, the  vegetation is sparse. Cacti grow through- 
out the area along with other desert  shrubs on the f a i r l y  l eve l  
areas a t  the lower elevations. A few stunted t rees ,  including 
juniper, paloverde, mesquite, ironwood, and scrub oak, a r e  among 
the shrubs. The vegetation tends t o  be thicker along and adjacent 
t o  the stream courses. Perennial grasses form a negligible par t  
of the present vegetation, but good covers of annual grasses occur 
a f t e r  the winter rains. The natural  vegetation is being replaced 
by suburban development on the a l luv ia l  plains. 

6. H~drometeorological characteristics.--The climate is 
typical ly  deser t  i n  chma.cter, with short ,  mild winters and long, 
hot summers. High diurnal temperature variations are  characterist ic.  
A summary of climatologioal data at Phoenix i s  given i n  table  1. 
The prevailing winds a re  from the eas t  and are  usually l i g h t ,  
although severe wind storms occur a t  r a r e  intervals.  The 90-year 
mean annual precipi ta t ion ranges from about 7.8 inches a t  the  Sa l t  
River near Tempe t o  about 14.0 inches i n  the headwater area with 
an average of 9.5 inches fo r  the  drainage area (see pl. 1). Rain- 
f a l l  i s  divided about equally between the  summer and winter seasons 
(see table  1) .  

7. Three types of storms produce precipi ta t ion i n  the Indian 
Bend Wash area: general winter storms, general summer storms, and 
loca l  thunderstorms. A br ief  description of each storm type is 
given i n  the  following subparagraphs: 

(3)  General winter storms usually occur during the period 
from December t o  March, inclusive. They originate over the Pacific 
Ocean as  a r e s u l t  of the interact ion between polar Pacif ic  and trop- 
i c a l  Pacific airmasses and move eastward over the basin. These 
storms, which often l a s t  f o r  several  days, r e f l ec t  orographic 
influences and a r e  accompanied by widespread precipitation i n  the 
form of snow or rain. 

(b) General summer storms usually occur during the period 
from July t o  September, inclusive. They are  associated with an 
influx of t rop ica l  maritime a i r  originating over the Gulf of Nexico 
or the South Pacific Ocean and entering the  area from a southeast 
t o  a southwest direction. Usually the inf lux of t rop ica l  a i r  is 
caused by the circulat ion about a high pressure area centered i n  
southeastern United S ta tes ,  but occasionally it i s  caused by rem- 
nants of a t rop ica l  hurricane. General summer storms are  often 
accompanied by re la t ive ly  heavy r a i n f a l l  over large areas f o r  
periods up t o  24 hours, but showers may continue fo r  as  long as  3 
days. 



(2) Local thunderstorms can occur a t  any time of the year,  
e i ther  during general storms or  a s  i so la ted  phenomena. However, 
they are  most conmon during the period from July t o  September, 
inclusive,  when the basin is frequently covered by moist unstable 
a i r  originating over the Gulf of iqexico. The storms cover com- 
paratively small areas and r e su l t  i n  high-intensity r a i n f a l l  fo r  
durations of 3 hours or  less .  

8). Runoff character is t ics . - -Li t t le  streamflow occurs except 
immediately following the heavier ra ins ,  because climatic and 
drainage-area character is t ics  a r e  not conducive t o  continuous 
runoff. Because of steep gradients, streamflow i n  the mountains 
increases rapidly i n  response t o  high-intensity r a i n f a l l  and 
causes high-peak, debris-laden floods to  debouch onto the valley 
plains  below. \.ken the flood reaches the valley plains ,  the debris 
i s  deposited a s  it spreads out a s  overland flow and a considerable 
amoult of floodwater i s  l o s t  t o  percolation. The percentage of 
impervious area i s  increasing appreciably with the suburban develop- 
ment taking place i n  the area. Vegetation, being sparse, has 
negligible e f f e c t  on flood runoff. 

9. Existing structures.--&lo major flood control  s t ructures  
a r e  i n  the Indian Bend Xash drainage area. 



PRECIPITATION AND RUNOFF 

10. Precipitation records.--Precipitation records are  avail- 
able fo r  18 r a i n f a l l  s ta t ions  i n  and near the  drainage area of 
Indian Bend Wash. The longest record i s  f o r  Phoenix Post Office, 
which has 84 complete years of record during the period 1876-1960, 
inclusive. There a r e  two recording gages near the area,  of which 
the longest period i s  for  Phoenix Post Office, beginning i n  1901. 
The a rea l  coverage of precipi ta t ion s ta t ions i s  inadequate, as  there  
i s  only one act ive s ta t ion  i n  the area a t  present. The mean annual 
precipitation for  a l l  s ta t ions  with a t  l e a s t  5 years of record was 
determined by the least-squares method. The Tucson s ta t ion ,  with 
a 90-year continuous record, was selected as the base s ta t ion  fo r  
extrapolation of s ta t ions with short  duration t o  a common 90-year 
period (see pl. 1). Pertinent data on r a i n f a l l  s ta t ions  a re  given 
i n  tab le  2, and s ta t ion  locations a re  shown on plate  1. 

11. Runoff records.--No runoff records a r e  available for  any 
streams i n  the Indian Bend Wash drainage area. A recording stream- 
gaging s t a t ion  sponsored by the Corps of Engineers was ins ta l led  by 
U. S. Geological Survey i n  January 1961 on Indian Bend Wash, near 
Scottsdale, A r i z . ,  112 mile upstream from the Arizona Canal. 

12. Storms aqd floods of record.--Historical accounts indi-  
ca te  t h a t  many damaging floods have occurred i n  the  Gila River basin. 
Sizeable floods were produced by the general storms of February 1884, 
February 1891, January 1916, and February-14arch 1938, but available 
records and estimates of severi ty  a re  insuf f ic ien t  f o r  detailed 
analysis fo r  the considered drainage area. L i t t l e  or no hydrologic 
information i s  available concerning any floods i n  the drainage area 
of Indian Bend dash. General winter storms may cause flooding. 
Floods generally occur during the summer months when loca l  thunder- 
storms produce flows i n  excess of the capacity of the  stream chan- 
nels. Severe loca l  storms and floods occurred i n  the Phoenix area 
i n  1921, 1935s 1936, 19399 1943, 19519 1955, 1956, and 1957. 
Records fo r  these floods a re  scarce a s  are  records of other storms 
tha t  may have occurred i n  t h a t  period. Brief descriptions of the 
storms and floods of January 1916, July 24-26, 1936, August 3, 1943, 
August 26-29, 1951, together with the August 19, 1954, storm (south- 
eas t  of Phoenix) which was used t o  develop the design hydrology, 
a re  described i n  the  following subparagraphs: 

(2)  Storms and floods of January 1916. --Two general winter 
storms occurred over the Glla River basin i n  January 1916. The 
f i r s t  storm period extended from January 14-.21 and the second from 
January 25-30. Both storms originated over the Pacific Ocean. 
Both were centered i n  the area north of Roosevelt Reservoir, with 
secondary centers i n  the Pinal and Santa Catallna Mountains. The 
l a t e r  storm had another secondary center i n  the area t r ibu tary  t o  
Agua Fr ia  and Hassayampa Rivers. The f i r s t  storm, which was of 
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broader a rea l  extent than the second, produced the larger  flood. 
The isohyetal map on plate  2 shows the area dis t r ibut ion of the 
precipi ta t ion which occurred between January 14 and 21. Observed 
t o t a l  r a i n f a l l  a t  Phoenix f o r  the two storms was only 2.07 inches. 
Ground conditions were rather  severe owing t o  the occurrence of 
l i g h t  ra in  on January 10-12 and t o  the presence of snow cover over 
much of the mountain area. 

(IJ) There a r e  no records of runoff i n  the Indian Bend Wash 
drainage area. On the Sa l t  River near Roosevelt (drainage area 
4,310 sq. miles) the peak discharge of the f i r s t  flood was estimated 
a t  100,000 cubic f e e t  per second. 

a 
(c) 2 L - r ~  and flood of July 24-26, 1976.--This storm was 

characterized by showers and thunderstorms caused by an inflow of 
unstable, moist, t rop ica l  a i r .  A strong convergence zone developed 
over the area with the deepening of a low i n  western Arizona. 
Locally heavy showers, causing f lash  floods, occurred i n  the  vicin- 
i t y  of Camelback iqountain on the  24th. No measurements of t h i s  
r a in  a r e  available. The r a i n f a l l  fo r  July 25-26 i n  Phoenix was 
2.35 inches. On July 26 there  was recorded i n  Phoenix a r a i n f a l l  
in tens i ty  fo r  a 5-minute period of 5.16 inches per hour and fo r  a 
1-hour period of .97 inches. 

(d) No estimates of peak discharge a r e  available for  Indian 
Bend Wash. 

(2) Storm and flood of August 3, 1942.--The August 3, 1943, 
flood was caused by heavy rains resul t ing from thunderstorms over 
the desert  areas north and eas t  of Phoenix. The Phoenix 24-hour 
r a i n f a l l  f o r  August 3 was 2.12 inches. 

(2)  Runoff was heavy upstream of the Arizona Canal. A se r ies  
of 22 breaks occurred i n  the south bank levee of the canal i n  the 
v i c in i ty  of Indian Bend Wash. 

(g)  Storm and flood of August 26-29, 1951.--A t ropica l  hurri- 
cane entered the mainland of Mexico from the  eas t  i n  the v i c in i ty  
of Tampico on August 22. Moist a i r  associated with t h i s  storm 
(general summer type) crossed Mexico t o  the eastern coast of the 
Gulf of California. This moist a i r  began flowing in to  southwestern 
Arizona during the 26th, mostly i n  the v ic in i ty  of Organ Pipe 
Cactus National lqonument. By the morning of t h e  27th, r a i n f a l l  
had become quite general over southern and cent ra l  Arizona. Heavy 
rains spread northward and northeastward t o  the northern border of 

a 
Arizona by the 29th. Rainfal l  continued moderate t o  heavy from 
the 27th through the 29th. The storm was most severe eas t  and 
north of Phoenix, which had a t o t a l  storm precipi ta t ion of 3.85 
inches. Heaviest r a i n f a l l  f o r  the period was 13.55 inches at Crown 
King and 12.11 inches a t  Sunflower. About 65 percent of the t o t a l  
storm occurred during a 24-hour period. The storm isohyets a r e  
shown on plate  3. 
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(h) There was considerable flooding i n  the v i c in i ty  of Luke 
A i r  Force Base t o  the northwest of Phoenix and a t  various places 
i n  the principal storm area. No flood estimates are  available fo r  
Indian Bend Wash. 

(A) Storm and flood of jugust 19. 1954. --Very moist, warm, 
t ropical  a i r  t h a t  originated over the Gulf of Mexico entered 
Arizona and New Mexico from the south during the storm period, 
accompanied by widespread thunderstorm act ivi ty .  The storm and 
flood of August 19, 1954, were the  most severe of record within 
the Queen Creek drainage area,  approximately 50 miles east-southeast 
of Phoenix. Rain i n  the area occurred between 0100 and about O9OO 
hours on the  morning of the 19th of August i n  the Supersti t ion 
Mountains and Pinal Mountains areas. The r a in fa l l  in tens i t ies  were 
high during the  first 3 hours of the storm. Light precipi ta t ion 
prevailed generally fo r  another 3 hours. Boyce Thompson South 
Western Arboretum, located about 4 miles west of Superior, reported 
the highest r a i n f a l l  amount of 5.3 inches (most of it f a l l i n g  within 
3 hours). Florence Junction, located about 15 miles west of Superior, 
reported 1- and 6-hour amounts of 1.8 and 4.2 inches, respectively. 
An estimated 100 square miles of area had over 5 inches of r a in  and 
approximately 1,000 square miles had over 1 inch of ra infa l l .  The 
isohyets of t o t a l  precipi ta t ion a re  shown on plate  4. 

(2) Peak discharge a t  the gaging s ta t ion ,  Queen Creek a t  
Whitlow Ranch damsite near Superior, Ariz. (area,  143 sq. miles), 
was estimated a t  42,900 cubic f e e t  per second. No estimate i s  avail- 
able fo r  Indian Bend Wash. 

13. N a t i v e  magnitude of loca l  storms.--The re la t ive  magnitude 
of recorded loca l  storms i s  best  shown by area-depth and intensity- 
duration curves (see pl. 5). Curves shown represent the most severe 
major loca l  storms of record i n  the general region f o r  which adequate 
information i s  available. The curves indicate tha t  the August 19, 
1954, storm, which occurred i n  the Queen Creek basin, i s  one of the 
most severe storms of the group as  f a r  a s  area-depth relationships 
a r e  concerned. 
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14. General.--The standard project  flood i s  described i n  Elvi 
1110-2-1411. The standard-project-flood discharges presented herein 
were developed according t o  inst ruct ions  given i n  t ha t  manual. 

15. Determination of standacrJ pro.iect storm.--The standard 
project  storm f o r  the  areas above selected concentration noints was 
determined by evaluation of the assumed occurrence of the'most severe 
loca l  storm (thunderstorm) considered reasonably charac te r i s t ic  of 
the region, c r i t i c a l l y  centered over the pertinent area. Snowmelt 
was considered a negligible fac tor ,  because the most severe loca l  

a 
storms occur duri.ng the summar. 

16. S t a n d ~ r d  project  storm. --The August 19,  195be thunderstorm 
t h a t  centered generally i n  the  Queen Creek drainage area was deter- 
mined t o  be the storm with the most c r i t i c a l  precipi ta t ion factors  
t ha t  may reason2.bly be expected t o  occur over the drainage area. 
While the storm las ted  about 8 hours, loca l  observations during the 
storm indicated t h a t  most of the precipi ta t ion f e l l  during a 3-hour 
period. The assumption was therefore made tha t  the t o t a l  precipi- 
t a t i on  amount would f a l l  during a 3-hour period, and the standard 
project  storm was deve1.oped accordingly. The fur ther  assumption 
was made tha t  during the pr ior  3-hour period suf f ic ien t  ra in  (say 
0.5 t o  1.0 inch) t o  ccndil;.ion the ground f o r  runoff would occur. 
The method used t o  :totermino the a rea l  and time d is t r ibu t ion  of 
precipi ta t ion i s  explained i n  the following subparagraphs: 

(a) Precipitat23..--Precipitation was obtained from isohyets 
(see  pl. 4 5 f  the August 19, 19.54, thunderstorm, transposed and 
centered over pertinent areas. Depth-duration relationships f o r  
the areas above the concentration points are  3.3 inches and 5.0 
inches f o r  the maximum 1-hour and 3-hour durations, respectively. 

(b) Rainfall- intensity pattern.--The time d is t r ibu t ion  of 
r a i n f a l l  used f o r  t h i s  study was based on character is t ic  patterns 
f o r  13 thunderstorms tha t  occurred i n  Arizona, which varied i n  
length from 314 t o  3-112 hours. k time in te rva l  of 30 minutes was 
selected as  the  shortes t  time in te rva l  for  which r a i n f a l l  i n t ens i t i e s  
would be required t o  determine peak discharges. A typical  r a in fa l l -  
in tens i ty  pat tern i s  shown on p la te  6. 

17. Rainfall-r-unoff relationships.--Available r a i n f a l l  and 
runoff records a r e  inadequate for  an analysis of rainfall-runoff - 
relationships f o r  the  1ndian Bend Wash basin. The rainfall-runoff 
relationships t ha t  were adopted f o r  t h i s  study were based on infor- 
mation from hydrologic investigations made for  other flood-control 
reports f o r  comparable streams i n  southwestern United States. U n i t  
hydrographs, ra infal l - loss  r a t e s ,  base flow, and overland-flow 
percolation used t o  develop the standard project  floods are  explained 
i n  the  following subparagraphs: 



(a) Unit hydropraphs.--The method used t o  develop unit  hydro- 
eranhs i s  exnlained i n  oara~raohs  70-75. inclusive. of the d i s t r i c t  - ~ ~ - -  - ~ - ~ ~ ~ A~ ~ ~~ ~ ~~ 

engineervs report  t i t l g d  "~ id rb lo&,   an Gabriel ~ i v e r  and the Rio 
Hondo Above Whittier Narrows Flood-Control Basin with Addendum on 
the Hydrologic Effect of Diverting Outflow from Whittier Narrows 
~lood-control  Basin t o  Los lz!,<eles River Via the Rio Hondo,*' dated .. 
December 20, 1944, and revisrd July 10, 1946." The synthetic uni t  
hydrographs used f o r  a l l  subareas were determined by the use of a 
l ag  relationship curve (see pl. 7) derived from data developed i n  
studies of several  areas i n  the Gila River basin and i n  southern 
California, and an S-graph (see pl. 8) which was developed t o  apply 
t o  regional drainage areas of l e s s  than 1,500 square miles i n  the 
Gila River basin. The l ag  f o r  a l l  subareas (except subarea B) was 
increased by 25 percent, which i s  conservative, on the  basis t ha t  
there a re  no def in i te  entrenched channels; therefore, the flow 
would spread out essent ia l ly  as  sheet flow and the velocity would 
be reduced (estimates indicate a 50-60 percent reduction). Subarea 
B is i n  the developed suburban area and therefore the flow would 
not spread out as  sheet flow. The value of l ag  and pertinent ele- 
ments f o r  subareas t r ibu tary  t o  the selected concentration points 
a re  given i n  tab le  3. 

(b) Rainfall-loss rates.  --The selection of ra infal l - loss  
r a t e s  fo r  the 1nal;n Bend Nash drainage area was based on ra infa l l -  
loss-rate s tueies  fo r  areas i n  southwestern United States. As 
previ.ously s ta ted ,  a prior 3-hour ra in  was assumed t o  have sa t i s f i ed  
the expected i n i t i a l  loss. For the mountain areas, a variable-loss 
r a t e  was assumed fo r  the c r i t i c a l  3-hour period, ranging from 0.65 
t o  0.20 inch per hour, with an average lo s s  r a t e  of 0.35 inch per 
hour. The loss  r a t e  i n  the valley area (0.20 inch per hour) was 
assumed constant during the standard project storm. On the basis 
of previous studies of probable population increase and result ing 
urban development during the next 100 years, it was assumed tha t  
about 54 percent of the valley area (lower pa r t )  would become 
improved and tha t  25 percent of the improved valley area would 
become all-impervious. Therefore, i n  development of the standard 
project flood fo r  each concentration point, 25 percent of the 
assumed improved area of each valley subarea was considered a l l -  
impervious and the amounts of effect ive r a i n f a l l  ( t o t a l  r a i n f a l l  
minus r a i n f a l l  l o s s )  were computed accordingly. 

(r.) Base flow.--Base flow was assumed negligible during the 
standard project flood. 

*Report was approved by the Chief of Engineers i n  2nd Indorsement 
dated May 12, 1945, and 6th Indorsement dated October 1, 1946, t o  
basic l e t t e r  dated January 30, 1945, subject: "Kydrology, Whittier 
ivarrows Flood-Control Basin, Los Angeles County Drainage Area, 
California. " 



(d) %land-flow percolation loss.--In addition t o  precipi- 
t a t i on  losses,  there  a r e  losses  due t o  percolation in to  the 
a l luv ia l  fan areas. In  the  absence of def in i t ive  data f o r  these 
areas, r a t e s  were assumed on the  basis of derived estimates for  
other Arizona areas and comparative s o i l s  character is t ics .  The 
assumed r a t e s  (for valley are& 0r.i.y) a r e  0.50 cubic foot  per 
second per wetted acre for  the  uppc," one-fourth of the area and 
0.25 cubic foot  per second per wetted acre for  the  lower three- 
fourths of the area where the s o i l s  a r e  f i ne r  textured. 

18. Determination of' standard pro.ject flood.--The standard 
project  flood was determ5.ned a t  each of the selected concentration 

a 
points by the foll.owjng proceclures: (a)  determination of unit-time 
increments of r a i n f a l l  for  each subarea; (b) determination of effec- 
t i v e  r a i n f a l l  by subtraction of l o s s  r a t e  and application of the 
imperviousness factor ;  (c )  determination of subarea surface-runoff 
hydrograph by application of subarea synthetic unit-hydrograph 
values to  the efl"9ctive unit-period r a i n f a l l ;  and (d) determination 
of t o t a l  flood hydrcgraph for  the  concentration points by channel 
routing, subtraction of percolation losses  and combining subarea 
hydrographs. 

19. The routing of the  flood t o  and through the considered 
channel was accomplished by the successive average-lag method t h a t  
i s  described i n  EM 1110-2-1408. The t ravel  times a r e  given i n  
tab le  4. 

20. Standard-project-flood peak dischara . - -The standard- 
project-flood peak discharges f o r  the Indian Bend 'Jash diversion 
levee (a l te rna t ive  plan considered) were approved by the Chief of 
Engineers i n  2d indorsement dated June 8, 1961, t o  basic l e t t e r  
dated May 23, 1961, subject: *'Gila River and Tributaries,  Arizona 
and New Mexico, Interim Report on Survey f o r  Flood Control, Indian 
Bend Iiash, Arizona.'' The standard-project-flood peak discharges 
for  the channel improvement (recommended ~ l a n )  were developed by 
extending those basic studies. A typical  standard-project-flood 
hydrograph with pertinent data is shown on p l a t e  6. 

a 
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ADEQUACY OF STAIiDAKU PROJECT FLOOD 

21. Because of lack of streamflow records, the  adequacy of 
the  standard project  flood i s  best  appraised from the magnitude of 
the  factors  used i n  i ts  synthesis. The use of the August 19,  1954, 
storm transposed t o  produce the most c r i t i c a l  r a i n f a l l  over the 
drainage area,  as  well as  the use of a more intense r a i n f a l l  pat tern 
and comparatively low los s  r a t e s ,  represent a reasonably severe 
combination of factors.  Therefore, the standard project  flood as  
developed i s  of a magnitude tha t  would be exceeded only on ra re  
occasions. 

22. The adequacy of the standard-project-flood peak discharges 
i s  fur ther  indicated by comparison of those discharges with enveloping 
curves of peak discharge shown on p la te  10. It may be noted tha t  
the points t h a t  define the enveloping curve of recorded and e s t i -  
mated peaks a r e  f o r  discharges from areas of higher r a i n f a l l  than 
Phoenix. (See p la te  1 for  location.)  
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Sunnary of climatological data a t  Phoenix. Ariz.. Indian Bend Wash, Ariz. 

January............. ....... : 51.6 : 85 : 17 : 0.78 : 3.31 : 
February...................: 55.5 : 88 : 22 : .83 : 4.64. : .02 
March......................: 60.4 : 92 : 29 : .72 : 4.16 : 0 
April ....... r . . . . . . . . . . . . . . :  67.7 : 104 : 32 : . 42 : 3.36 : 0 
May................... ..... : 75.7 : 113 : 42 : .l5 : 1.31 : 0 
June.......................: 84.9 : 117 : 50 : .07 : -95 : 0 

I 
July... .................... : 90.4 : 118 : 61 : .94 : 6.47 : T 
August. .................... : 88.7 : 115 : 60 : 1.06 : 5.56 : .07 .................. v September : 83.4 : 118 : 49 : 

December...................: 52.4 : 88 : 22 : 3.94 : 0 

Period of record*..........: 70.2 : 118 : 17 : **7.73 : 6.47 : 0 . 

I - Note.--Above data from U. S. Weather Bureau climatological data for Phoenix, Ariz. 



in and near Indian Bend Wash, Ariz. 

a : Computed : Period of record Com- : 90-year 
f f I plete . 

. 
: g e e s  : Degrees : : . 

and - 
es : minutes : : Inches 

v : School. 
31 : 112-03 :...........: 1905-15 : 3 : ......... 

w : (Phoenix 2). 

. - -  >L : ILL-U/ X . . . . . . . . . . . :  IY40- 

13-P-36 ... : Cave Creek Dam........: 1,630 : 33-43 : 112-03 :. .......... : 1950-60 : 10 : 9.65 
35 : 112-09 : ........... : 1950-60 : 9 : 8.37 

: 33-34 : 112-04 : ........... : 1948-60 :.. ...... :.. ....... 
: 33-33 : 111-58 : ........... : 1955-60 : 5 :......... .......... : 33-31 : 111-42 :. : 1889-1960 : 



Table 2 

Precipi ta t ion s t a t i ons  i n  and near Indian Bend Wash, Ark.--Continued 

: Period of record Cc 
; Y 

> l  1 * . 0, , . &.,. . -- , . . * I . .  . . - . .  . . ~- 
I p l e t e  , 

)m- : Computed 
r r ?O-year 

11- . years . . .. : annual 
a ~ a ~ l o n + -  IvmDer* . No- . mean u e v a u o n  . Latlzuae . Longltucie : Recording : 

: gage . r e c o r a u g  . or - rs" mc, 
: precipi-  

--?"'d : tation 

: Degrees : De,erees : ---- 
: p-d : and : -- 

: Feet : minutes : minutes : - : Inches 
14-P-49.. . : Tempe U. of A. Citrus : 1,180 : 33-25 : 111-58 :. . . . . . . .. .. : 1943-60 : 14 : 7.74 

: Experiment Station. : . 
14-P-60 ... : Camelback.. . . .. . . . .. ..: 1,250 : 33-29 : 111-58 :.. .. ... . . . .: 1920-60 : 29 : 8.00 

I s * Stations numbered i n  accordance with quadrangle-index system of the  U. S. h y  Zngineer D i s t r i c t ,  
Los Angeles, Corps of Engineers. 

** See pl. 1 f o r  location. 

Note.--Above data,  except s t a t i on  number and 90-year mean annual precipi ta t ion,  obtained from publications - 
of the U. S. Weather Bureau. 



Table 3 

Lac! and pertinent elementsJrnIran Bend-h, Ariz. 

: L.Lca ' 
: Drainage : 

Subarea* : area : f i s 

Square : : F e e t :  . 
: mi1.s : Miles : Lia : per mile : : - Hours 

A.. ........ : 3 4 . 6 : m :  8 . 5 :  118: 1 2 . 2 :  3.6 
B.. ........ : 1 6 . 3 :  7 . 8 :  3 . 2 :  168 : 1.9 : ***1.4 
c .......... : 2 ~ ~ 3  : 11.4 : 7.1 : 200 : 5.7 : 2.6 
D., ........ : 32.5: 1 4 . 6 :  7 . 9 :  1 0 2 :  11.4: 3.5 
E .......... : 53.3 : 19.3 : 9.5 : 77 : 20.8 : 4.4 
F .......... : 41.8 : 17.8 : 6.7 : 58 : 15.6 : 4.0 

+ See pl. 1 f o r  location. 
+* See pl. 7 for  l ag  curve. Lag values have been increased 

25 percent which i s  conservative on the basis t ha t  there are  no 
def in i te  entrenched channels; therefore, the flow would spread 
out essen t ia l ly  zs sileet flow and the veloci ty  would be reduced 
(estimates indicate  a 50-60 percent recluction). *** Not increased 25 percent ( i n  developed suburban area) .  

Table 4 

Travel times used f o r  channel routinp, Indian Bend Wash, Ariz, 

Concentration point number* : Travel time i n  hours 
From To 

* See pl. 1 f o r  location. 
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- --  TERMINOLOGY 
MILES MILES F HOURS 

; L = LENGTH OF LONGEST WATERCOURSE. 
I. SAN GABRIEL RIVER AT SAN GABRIEL DAM,CALIF.* 162 23.2 11.6 350  3.3 

2. WEST FORK SAN GABRIEL RIVER 4T COGSWELL DAM,CALIF. 40.4 9.3 4.2 4 5 0  1.6 Lca = LENGTH ALONG WATERCOURSE, 

3. SANTA ANITA CREEK AT SANTA ANITA DAM, CALLF. 2.5 6 9 0  
MEASURED UPSTREAM, TO POINT 

4. SAN DIMAS CREEK AT SAN DIMAS DAM,CALIF. OPPOSITE CENTER OF AREA. 

5. CATON WASH AT EATON WASH DAM, CALIF. 
6. MURRIETA CREEK AT TEMECULA, CALIF. BETWEEN HEADWATERS AND 
7. SANTA CLARA RIVER NEAR SAUGUS,CALIF. ++ COLLECTION POINT. 

a 8. TEMECULA CREEK AT PAUBA CANYON, CALIF. 
9. SANTA MARGARITA RlVER NEAR FALLBROOK, CALIF. 
10. EAST FULLERTON CREEK AT FULLERTON DAM, CALIF, 

UNIT RAINFALL TO INSTANT THAT 

I I. TUJUNGA CREEK AT BIG TUJUNGA DAM NO.1, CALIF. SUMMATION HYDROGRAPH REACHES 

12. SANTA MARGARITA RIVER AT YSIDORA, CALIF. 5 0 %  OF ULTIMATE DISCHARGE. 
13. LOS ANGELES RlVER AT SEPULVEDA DAM,CALIF. 
14. PACOIMA WASH AT PACOIMA DAM, CALIF .  
15. GILA RlVER AT CONNER N0.4 DAM SITE, ARIZ. 
16. SAN FRANCISCO RlVER ATJUNCTION WITH BLUE RlVER,ARIZ. 
17. BLUE RlVER NEAR CLIFTON, ARIZ.*** 
18. SAN VICENTE CREEK AT FOSTER,CALIFT * EXCLUDES AREA ABOVE COGSWELL 

19. SANTA ANA RlVER AT PRADO DAM, CALIF* 
20. SALT RlVER NEAR ROOSEVELT, ARIZ. 

AREA IS 319 SQUARE MILES, OF WHICH 
151 SQUARE MILES DID NOT CONTRIBUTE 
APPRECIABLE FLOOD FLOWS DURING 
THE FLOODS ANALYZED. 

*** UNIT-GRAPH STUDY BASED ON RUNOFF 
RECORDS FOR SAN FRANCISCO RlVER 
AT CLIFTON (DRAINAGE AREA = 2 7 9 0  

# EXCLUDED 25 SQUARE MILES TRIBU- 
TARY TO BALDWIN LAKE AND 767 
SQUARE MILES TRIBUTARY TO LAKE 

LAG RELATIONSHIPS 
S T R E A M S  IN ARIZONA AND 

SOUTHERN CALIFORNIA 

U.S. ARMY ENGINEER DISTRICT 
LOS ANGELES, CORPS OF ENGINEERS 

TO ACCOMPANY R E P O R T  DATED: APRIL 15,1962 
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INDIAN BEhV WASH, ARIZONA 
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B A S Z S  F O R  U E S I G I J  

INDIld BEND iTASIi, ARIZONA 
GILA RIVER BASIJ, A R I Z .  AiVil :$lo  EX^ 

1. General.--This appendix covers the  engineering aspects  of 
the  channel improvements recommended f o r  t h e  con t ro l  of f loods  
along Indian Bend Idash a t  Sco-ttsdale i n  llaricopn County, Arizona. 
The recom~nended plan would con t ro l  a f lood discharge of 40,000 
cubic f e e t  per secocd. The i~nproverient i s  shown on p l a t e  3 a t  
the  end of, the  t e x t  of the  main repor t  and d e t a i l s  of the improve- 
ment a r e  shown on p l a t e s  1 through 3 of t h i s  appendix. 

2. -- Recommended plan,--The recommended plan  would provide f o r  
channel imprcven~ents of Indian Bend Vash, including (a) channel- 
i n l e t  wing levees ,  (b) Arizona canal  crossing,  (2) about 7 miles 
of improved channel fro111 Arizona canal  t o  S a l t  River, and (9) 
r e loca t ion  of u t i l i t i e s ,  s t r e e t s ,  and highways. 

3 T o p o ~ : r a p I ~  and cleo1om.--The Indian Bend ?lash improve- 
ment is located  on an  a l l u v i a l  p l a i n  bounded by the  Phoenix 
iciountains on the  so-clhwest and the  EcDcwell ?4ountains on the  
northeast .  The maxj-xum thickness of the  a l l u v i a l  ma te r i a l  i n  
the  p l a i n  i s  not, known, The a l l u v i a l  p la in  a t  the p ro jec t  a l i n e -  
rnent has a s lope of .004 t o  .008 towards the  southwest. 

4. Foundation conditions.--The e n t i r e  p ro jec t  i s  underlain 
by a l l u v i a l  mater ia ls .  Iii genera l ,  the  surface  s o i l s  a r e  silts 
and s i l t y  sands. Near the upstream end of the  p ro jec t ,  the  s o i l s  
a r e  sands and gravel ly  sands. Coarse gravel ly  sand i s  exposed i n  
the  banlcs of t h e  arroyos and of t h e  S a l t  River a t  the  downstream 
end of t h e  projec t .  )Ihere the  g rave l ly  sand i s  exposed i n  the  
banks, it i s  over la in  by about 10 f e e t  of silts and s i l t y  sand. 
While groundwater t a b l e  l e v e l s  w i l l  vary from year  t o  p a r ,  it i s  
necessary t o  provide a subdrainage system which w i l l  r e l i e v e  and 
prevent u p l i f t  under the  t rapezoidal  channel. 

5. Channel i n l e t  levees. --Revetted ea r th f  ill levees would 
be provided a t  the  upstream end of t h e  p ro jec t  t o  d i r e c t  f lood 
flows i n t o  t h e  concrete channel. The r i g h t  wing levee,  about 
2,500 f e e t  long, would extend upstream t o  and along Indian Bend 
Road; the  l e f t  wing levee,  about 5,000 f e e t  long, would c ross  
Indian Bend Road. Access t o  levee  berrns would be by ramps from 
e x i s t i n g  adjacent  s t r e e t s .  B a r r i e r s  would be placed across tne  
ramps t o  prevent access by unauthorized vehicles.  

6. Arizona canal w o e . - - A  gated,  box siphon, with 4 - 
11 x 11 f e e t  b a r r e l s ,  would be constructed t o  pass t h e  Arizona 
canal under t h e  Indian Bend. !$ash fioodxiay. Upstream of t h e  
siphon i n  t h e  canal ,  a gated wasteway x,~ould be provided from t h e  
canal t o  t h e  proposed Indian Bend iiash channel. 
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7. Channel.--The trapezoidal channel would be about 35,400 
f e e t  long. ApproximateSy 33,500 f e e t  would be l ined with concrete 
and have a bottom width of 14 f e e t  and. an average depth of about 
25 feet .  The side slopes would be 1 ve r t i ca l  on 2.25 horizontal. 
For the most part ,  the concrete chaznel would be below the sur- 
rounding ground surface. The concrete-lined portion of the channel 
~ o u l d  extend from the intake wing levees a t  the Arizona canal t o  
the out le t  t rans i t ion  a t  Sal t  River. The out le t  t rans i t ion  would 
be about 1,860 f e e t  long and consist  of grouted stone i n  the upper 
portion and dumped stone i n  the lower portion. a 

a. Street  ancl hj.phwa?,r re10cat ions~ --The proposed plan provides 
for  f ive  clear-span s t r e e t  and highwqy bridges. 

9. Ut i1 i t j . e~  rej.ocation. --Util i ty l ines ,  including power, 
r,rater, gas, and two Phoenix water supply l i nes  (60- and 45-inch), 
wouli be relocated t o  c lear  the channel construction. 

LO. iivcirau1.i~ design, general.--The improvertent under consider- 
a t ion  would co l lec t  the design storm of 40,000 cubic f e e t  per second 
and confine it i n  a 14-foot-base-width trapezoidal channel, termin- 
a t ing  a t  the Sa l t  River. 

(a) &sting cha,&.--Upstrean from the Arizona cana1,the 
Indian Bend Wash channel i s  the thalweg of a broad valley which 
intersects  numerous small gu l l ies  and washes from the mountains. 
The channel i s  not well defined, and flow would occupy a very wide 
cross section. Downstream froin the Arizona canal the channel cuts 
through a broad plain t o  the Sal t  River. Some reaches of the channel 
downstream froin the canal have been obl i terated by extension of farm 
uni ts  and other land development. 

(b) Channel a l i n e m d  and cross section.--The alinement of the 
proposed bnprovement would follow the h is tor ic  water course. The 
type and s ize  of channel cross sections were selected a f t e r  giving 
consideration t o  maintaining exis t ing s t r e e t  grades, clear-span 
bridges, minimum excavation, u t i l i za t ion  o t  the most e f f i c i en t  
hydraulic section, a s  well a s  rights-of-way considerations. 
Selected channel cross sections from the upstream t o  the downstream 
end of the project are: two col lector  wing levees, a concrete- 
l ined trapezoidal t ransi t ion,  a 14-foot-base-width concrete-lined 
trapezoidal channel about 33,500 f e e t  long, and a stone-lined 
t rans i t ion  t o  the Sa l t  River. 

(2) Bridges.--All bridges i n  the project would be clear  span 
and would present no interference t o  flow. 

(cl) Channel inlet.--The channel i n l e t  would consist  of two 
wing levees separated by about 7,300 f ee t  a t  the upper end and con- 
verging t o  425 f e e t  a t  the Arizona canal. The top of these levees 
would be above the standard-project-flood (72,000 c f s )  water-surface 
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. prof i le .  However, downstream of t h e  Arizona canal  standard- 
project-f lood flows would no t  be contained i n  the t r a n s i t i o n  
o r  the  channel downstream. 

(2) Arizona canal .--Structures on and p e r t i n e n t  t o  the  Ariz- 
ona canal  would c o n s i s t  of (1 )  4-barre l  box siphon, whose 
hydraulic capaci ty  would be 2,000 cubic f e e t  pe r  second, (2) gated 
head works, and (3) a gated wasteway i n t o  t h e  Indian Bend Wash 
channel. The head works a t  the siphon could be regula ted  t o  
completely s t o p  a l l  flow i n  t h e  canal  p a s t  t h a t  point ,  and shunt 
it throilgh a gated wasteway i n t o  Indian Bend Xash channel. The 
top  of the  wasteway gates  would be s e t  so  t h a t  i n  t h e  closed 
pos i t ion  the  top  of t h e  ga tes  would a c t  a s  a skimfling weir t o  
waste any flow i n  the  canal  i n  excess of 2,000 cubic f e e t  per  
second. 

ownstreani terminus.--A stone-l ined t r a n s i t i o n  s e c t i o n  (2) D--2- 
having a divergence r a t i o  of 1:20 would join t h e  14-foot-base- 
width channel t o  t h e  S a l t  River. The upper reach,  860 f e e t  long, 
would be grouted stone. The lower reach, 1,000 f e e t  long, 
would be l i n e d  wi th  dumped stone,  and the  base width a t  the  
junction with the  S a l t  River would be 200 f e e t ,  Downstream of 
t h e  formal levee s e c t i o n  a 200-foot-base-width excavated channel 
would be continued t o  a po in t  i n  the  S a l t  River t h a t  would be 
compatible wit'n t h e  low flow channel authorized by the  Flood 
Control Act of 1960 (see 1-1. Doc. 279, 86th Congress, 2d sess . ,  
which contains the  in te r im survey repor t ,  G i l a  and S a l t  Rivers,  
Gi l l e sp ie  Dam t o  XcDowell Daiifl S i t e ,  Ariz. ), 

(g) Channel gradient.--?iith t h e  exception of t h e  i n l e t  and 
e x i t ,  the  channel s lopes would vary between 0.2 and 0.7 percent.  
These grades a r e  s t e e p  enough t o  produce s u p e r c r i t i c a l  flow i n  
t h e  channel. 

(h) Water surface  computations.--Friction losses  were 
evaluated by use of  the  Eianning formula, using ::n.: values of 
0.03, 0.014, and 0.04 a t  t h e  channel i n l e t ,  channel and t h e  
downstream t e r m i n ~ s ~ r e s p e c t i v e l y .  The water surface  p r o f i l e  
was determined by t h e  reach method. Flow t'mough the  i n l e t  would 
be s u b c r i t i c a l  wi th  t h e  c r i t i c a l  sec t ion  a t  the  downstream end of 
t h e  t r a n s i t i o n .  The maximuin ve loc i ty  i n  t h e  i n l e t  sec t ion  would 
be 11 f e e t  per  second. Flow i n  the  channel downstream of the  
i n l e t  would be s u p e r c r i t i c a l  with ve loc i ty  and depth of about 28 
f e e t  pe r  second and 22 f e e t ,  respectively.  The t r a n s i t i o n  a t  t h e  
downstream end would be stone-l ined wi th  s u f f i c i e n t  p ro jec t ion  of 
the  s tones  t o  produce a roughness c o e f f i c i e n t  of 0.04 t o  a c t  a s  an  
energy d i s s ipa to r .  Flow i n  t h i s  reach would be undulating above 
and below c r i t f ~ c a l  depth. A t  the  downstream end, when the re  i s  no 
flow i n  t h e  S a l t  River, c r i t i c a l  depth would. occur with a maximum 
ve loc i ty  of about 16 f e e t  per  second. 
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(2) Superelevation and freeboard. --Superelevation of the water 
surface through the curved portion of the channel would be accommo- 
dated by ra i s ing  the walls. Freeboard would be a mink~ium of 2.5 
f e e t  fo r  the design discharge. 

11. Diversion and control o$ water.--Control of runoff during 
construction would be a minor problem. The duration of runoff 
rarely exceeds 6 hours. P a r t i a l  protection i s  afforded by the 
Arizona canal which may intercept  minor flood discharge runoff. 

12. ~ o n s t r u c t i o n  scb.edu1.e.--Construction would require approx- 
imately two years. 

13. &&+imces of const.ru.ction material. --Ample quant i t ies  of 
construction materials would be available from excavated materials 
a t  the project s i t e  and from commercial plants. Cobblestone fo r  
reverment could be obtained from rock processing plants on the Sal t  
River about 4 miles from the project s i te .  There a re  no known 
operating quarry s i t e s  i n  the immediate vicinity- of the recornmended 
project. Xowever, granite quarrystone could be obtained from 
]..fcDotrell Pass 8 rniles northeast of the project. Basalt from 
iIcDowell 'fountains, about 5 miles from the project,  mas prove t o  
be suitable fo r  revetment. Portland cement would be available from 
plants a t  I t i l l i t o  or Clarksdale, located about 125 rniles from the 
project s i t e .  Aggregates fo r  concrete construction would be avail-  
able from sources previously approved f o r  other construction. 
These sources include rock processing plants located i n  the Sal t  
River Valley about 4 miles from the project s i t e .  

14. Rights-of-way.--Permanent rights-of-way would be required 
fo r  land on which the channel would be constructed. A flowage ease- 
ment would be required a t  the upper end of the project where the 
wing levees a re  concentrating the waterflow in to  the concrete 
channel. Easements would be required fo r  contractor work area and 
fo r  spoi l  disposal area. 
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C O S T  Z S T I i 4 A T E S  

INDIAN BEND WASH, ARIZONA 
GILA RIVm BASIN, MIZ. AiJD N. MEX, 

1. General.--This appendix presents the detai led estimate 
of construction and maintenance costs  of the recommended Indian 
Bend tlash channel improvernents f o r  flood control  a t  Scottsdale, 
Ariz . 

2. The estimated f irst  cos t s  include estimates f o r  construc- 
t ion,  relocations,  rights-of-way, engineering and. design, and 
supervision and administration. Construction costs  inclucle allow- 
ances f o r  contingencies. Costs of preauthorization studies a r e  
not included i n  the estimate. 

3. Unit prices.--Concrete pr ices  were developed from 
available information and by using typ ica l  un i t  prices for  
work involved. Unit prices f o r  s t ructures  were based on 
current material  and labor cost  typical  of work of t h i s  
nature i n  the v i c in i ty  of t he  project. A l l  un i t  prices a r e  
based on prices prevail ing i n  November 1961. 

4. Construction period.--Construction would require about 
two years. 

5. iiaintenance and operation, --Average annual maintenance 
charges f o r  the  recommended project  a r e  estimated a t  $22,000. 
Phintenance would require periodic inspection of the work, 
removal of debris found within the channel area ,  and repair  of 
damage t o  the concrete channel and levees. 

6. Eights-of-wax.--The s i t e  of t he  proposed improvement 
was inspected i n  February and ?lay of 1961. The r e a l  es ta te  
market concerned was analyzed t o  make an appraisal  of cost. 
The estimate f o r  rights-of-way includes an item f o r  acquisition. 



Cost es t ina te  fo r  recommended Indian Bend Wash channel, Indian Bend Wash, b i z .  

cost  : 
acct. : Description : Unit : Estimated : Unit : Amount 
No. : : quantity : price : Subtotal : Total 

FEDERAL COSTS 

09. : Channel: 
: Clearing and grubbing.. .... : Job.. ... : Job.. ..... : Lump sum : $15,000 :. .......... 
: Excavation.............. ... : Cu. yd..: 2,820,000 : .50 : 1,410,000 : ........... 
: F i l l ,  compacted. ........... : Cu. yd..: 415,500 : .20 : 83,100 :........... 
: Concrete, invert...........: Cy. yd..: 20,200 : 12.00 : 242,400 :........... 
: Concrete, side slopes ...... : Cu. yd..: 97,200 : 13.50 : 1,312,200 t.. . . . . . . . . .  
: Revetment stone............: Cu. yd..: 39,500 : 6.00 : 237,000 : ........... 
: Gravel, filter.............: Cu. yd..: 20,500 : 4.60 : 94,3CO z . . . . . . . . . . .  
: Grouting, stone revetment..: Cu. yd..: 2,450 : 12.00 : 29,4CO t........... 

w : Cement.....................: Bbl... ..: 181,000 : 4.30 : 778,3CO 2.. ......... 
I ........... ...... .... N : Reinforcement steel.... : Lb :10,254,000 : .10 : 1,025,400 : 

: Subdrain system.. .......... : Job.....: Job.......: Lump sum : 70,000 :........... 
: Fencing .................... : Lin. Ft.: 72,000 : 1.00 : 72,000 ............ 
: Contingencies .............. r.........:...........:........ 1,070,900 :........... . 

Total, channel.. ...... :. ........ :. .......... :. ......... :. ........... : $6,440,000 

30. : Engineering and design. ...... ............................................... U0,000 
31. : Supervision and 

: Administration.............:.........:...........:..........:............: 370,000 

Total  project  cost....:.........:...........:..........:............: *7,250,000 
t o  the United States : 

a 



acct. : Description : Unit : Estimated : Unit : Amount 
No. : : quantity : price : Subtotal : Total 

NOX-FZDERAL COSTS 

: Rights-of-way ................ .................................. $700,000 :........... 
: Relocations: 
: Roads and bridges,. ........ z . . . . . . . . . : . . . . . . . . . . . : . . . . . . . . . . :  350,000 :........... 
: Utilities..................:.........:...........:..........: 50,000 z........... 
Irrigation facilities.. ...... :. ........ :. . .. ...... : ......... 670,000 :. .......... 

I Total project cost.. .. :. ........ :.. ......... :. .. ................... : $1,770,000 
to local interests : : 

k-' Total project cost....:...,.....:...........:.........:............: 9,020,000 

I * Does not ii~clude costs of $60,000 for preauthorization studies. 



APPENDIX 4 - BENEFITS FROM FLOOD CONTROL 

INDIAN BEND MASH, ARIZONA 
GILA RIVER BASIN, ARIZ. ANil N. PJEX. 

Scope .................................................. .................................... Flood frequencies.. 
Preszat at!d future development of property in overflow 
area.....o..o......~.~~~....~~.~~e.oo.o........~~~... 

llamages from future floods............................. 

Title - 
No. - 
1. Discharge-frequency curve, Indian Bend gash. 
2. Damage-discharge and damage-frequency curve, Indian Bend Wash 

channel improvement overflow area. 
3. Population curves. 



B E X E F I T S  F R O 9  F L O O D  C O N T R O L  

INDIAN BElJD WASH, lL?IZOiik 
GILA RIVER BASIiV, ARIZ, AiKJ d. IDX. 

1. This appendix presents supplemental material on the 
determination of flood frequencies and on the evaluation of 
flood-control benef i ts  from construction of the recommended 
Indian Bend Wash channel. 

FLOOD FP3QUENCIES 

2, Runoff records f o r  Indian Bend Wash are  insuf f ic ien t  f o r  
the development of discharge-frequency relationships.  Only one 
estimate of flow along Indian Bend Wash i s  a v a i l a b l e -  f o r  the 
flood of August 1943. Although general information i s  available 
regarding floods on Cave Creek t o  the west of Indian Bend Wash, 
suf f ic ien t  quanti tat ive estimates of discharge are  not available 
t o  develop a discharge-frequency rela t ionship f o r  t ha t  stream. 
I n  adclition, flows on Cave Creek have been affected by the 
exis t ing Cave Creek ilam and the peak disc'harge of natural  inflows 
i n t o  the dam could not be determined. Discharge-frequency 
re la t ions  for  Indian Bend illash were therefore developed on the 
basis of (a) synthetic rainfall-runoff relationships f o r  the area, 
and (b) correla t ion witin the  discharge-frequency curve f o r  Queen 
Creek a t  Whitlow Ranch Reservoir. 

3. Flood peaks for  50-and 10-year frequency were computed 
using rainfall-runoff relationships explained i n  the hydrology 
appendix and rainfall-frequency data given i n  U. S. Weather 
Bureau Technical Paper Ido. 28 t i t l e d  ' ;Rainfall i n t ens i t i e s  f o r  
Local Drainage Design i n  Western United States  f o r  Durations 
of 20 Minutes t o  24 Sours and 1 t o  100 Year Return Periods,,, 
and dated ~'ovember 1956. Points representing the resul t ing 
peaks a r e  shorrn on p la te  1 of the appendix. 

4. The discharge-frequency curve f o r  Queen Creek a t  Whit- 
low Ranch Reservoir was selected f o r  comparison inasmuch a s  
Queen Creek i s  within the same region of meteorological homo- 
geneity a s  Indian Bend ifash and has one of the longest combined 
h i s to r i ca l  and actual  records i n  the region. Peak discharge 
data  used t o  develop the discharge-frequency curve f o r  Queen 
Creek a t  Whitlow Ranch Reservoir a r e  given in the following 
table  : 





A p a r t i a l  duration discharge-frequency curve was prepared on loga- 
rithmic probabi1i . t~  paper from the preceding tabulated data by 
using the equation f = 100 (n-0.5), i n  which f i s  the number of 

t 
times i n  100 years t ha t  the d-ischarge i s  equalled or exceeded, n i s  
the se r ies  number of flood i n  order of decreasing magnitude, and t 
i s  the number of years of reczrd - 38 years i n  t h i s  case. The 
discharge-frequency curve shown on p l a t e  1 of t h i s  appendix is 
based on records of (a) Queen Creek a t  14hitlow Ranch f o r  the  years 
1949 t o  date,  (b) Queen Creek near Florence Junction for  years 1896, 
1897, 1899, 19lg-20, inclusive,  and 1925, and (c) estimates of peak 
discharges (adjusted for  s i z e  of area) of Queen-creek near Roosevelt 
Canal f o r  years 1931-33, inclusive,  1935-37p inclusive,  and 1939. 
The assumption whs made t h a t  the above years of record were consecu- 
t i ve  and a re  representative of floods for  the en t i re  period because 
of the following reasnns: (a) the lowest flow l i s t e d  i n  the previous 
tab le  i s  480 cubic f e e t  per second, and it i s  reasonable t o  assume 
tha t  the flows i n  the missing years would be similar t o  those l i s t e d ;  
(b) the records of floods on other streams i n  the general v ic in i ty  
OF Queen Creek show floods i n  some of t he  years tha t  a r e  missing f o r  
Queen Creek; and (2 )  i n  obtaining records of floods from people and 
newspapers, it i s  reasonable t o  assume t h a t  they only remember or  
record the floods tha t  affected them; therefore, it i s  impossible 
t o  say what the magnitude is of the missing floods. 

5. In  the drawing of the frequency curve (pl . l )  f o r  Indian 
Bend Wash a t  the Arizona canal, consideration was given t o  (a) the 
computed frequency flood peaks; and (b) the  assumption tha t  The 
frequency of the  standard-pro ject-flood peak (72,000 c. f .s. ) f o r  
Indian Bend Wash a t  Arizona canal i s  s imilar  t o  the frequency of 
the standard-pro ject-flood peak (110,000 c. f.  s. ) f o r  Queen Creek 
a t  Whitlow Ranch Reservoir; and (2 )  t he  assumption t h a t  the upper 
end of the frequency curve would be pa ra l l e l  t o  the  upper end of 
the frequency curve for  Queen Creek. The lower end of the  Idhitlow 
Ranch curve is not considered applicable because the flow i n  
Indian Bend Wash i s  not confined to  entrenched channels. On the 
recurrence of small flows, considerable sheetflow would r e su l t  with 
consequent losses  due to  percolation. The curve i n  the lower end 
was therefore drawn by extending the s t r a igh t  l i n e  ra ther  than 
curving upward. 
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PRESENT AND FUTURE DEVELOPMEIVI' OF PROPERTY I N  OVERFLOW AREA 

5. Two estimates were made fo r  property values i n  the over- 
flow areas along Indian Bend Wash. The f i r s t  estimate i s  based on 
present (1961) development, and the second on the average future  
development over the next 100-year period. dstimates of the 1961 
values of land and imprsvements subject t o  flood damage were made 
by use of ( 2 )  assessed valuations, adjusted t o  market value of the 
property, (b) val-uation data supplied by loca l  in te res t s ,  and (2 )  
f i e l d  inspections and appraisals of the present development i n  the 
overflow areas. Zstimat-d average future  values were made princi- 
pal ly  by using population, res ident ia l ,  and business trends i n  the  
overflow areas considered. The space available fo r  fu ture  expan- 
sion was also considered. The future development studies f o r  t h i s  
report  were based on data and estimates supplied by the Maricopa 
County Planning and Zoning Commission and by private interests .  

6. Plate 3 of t h i s  appendix shows a curve of 90-year popula- 
t ion  growth (1920-2010) fo r  Maricopa County, Scottsdale, and the 
overflow area. The town of Scottsdale was not incorporated u n t i l  
1951. Records of population i n  the overflow area pr ior  t o  1960 a r e  
very limited. Those tha t  do ex i s t  a r e  combined with records of 
other areas i n  such a way t h a t  accurate separations cannot be made. 
The curve fo r  the Indian Bend Wash overflow area was assumed t o  be 
pa ra l l e l  t o  the curve fo r  Maricopa County. This i s  considered t o  
be conservative. I f  the overflow area developed i n  the same pro- 
portion a s  p r e d i c t ~ d  by the estimates of the Maricopa County Plan- 
ning and Zoning Commission i n  t h e i r  report  covering the Scottsdale 
area,  the 1980 population would be 130 percent of t h a t  assumed i n  
t h i s  report. A study of the future  land use plan and population 
density for  the Scottsdale area indicates suf f ic ien t  space i n  the  
overflow area t o  accommodate a maximum population of 34,000, which 
i s  over ten times the present population. The population a t  the 
end of 50 years, as  indicated by the curve, i s  13,600, or four times 
present population. Because of the  lack of sui table  data t o  predict  
growth i n  t h i s  area beyond 50 years, it was assumed, fo r  the purpose 
of t h i s  report ,  t h a t  no substant ia l  increase i n  population would 
occur a f t e r  the 50th year. 

7. Property valuations over the  next 100-year period fo r  
res ident ia l ,  business, public, u t i l i t y  and highway properties i n  
the overflow area w i l l  generally follow the population growth. No 
appreciable change i n  the value of i r r iga t ion  works would take 
place. A decrease i n  farmland and farm values would occur due t o  
the  use of these lands fo r  res ident ia l  and associated developments. 
In  order t o  provide the space needed fo r  increased resident ia l ,  
business, public, u t i l i t y  and highway developments along Indian 
Bend Wash, it was estimated t h a t  about 1,000 acres of land w i l l  be 
taken out of agr icul tural  production over the next 50 years. This 
change i n  land use is due t o  developments t h a t  w i l l  occur i n  the  
overflow area whether or not flood-control improvements are  con- 
s t ruc ted. 
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8. The values of average future developments were discounted 
to present-worth amounts. In order to determine present worth of 
estimated future values in the overflow area, an analysis was made 
for 10-year intervals on the ba.sis of future developments increas- 
ing in the same ratio as the estimated population increase. The 
methods established in ZPI 11120-2-118, appendix 11, were used in the 
development of present-worth factors. 

9. The results of this analysis indicate that over the next 
100-year pe-i.od the value of average future development of (a) 
residential, business, public, utility and highway properties would 
be 215 percent of the value of present developments, (b) irrigation 
facilities would be thz same as present values, and (2J farmland 
and ferm values would be 80 percent of present values. Undeveloped 
land supplied some of the land required for the increase in resi- 
dential and associated developments. 

10. A sulnrnary of average future values is given in the main 
report, included under the paragraph heading "Type and value of 
property in overflow area.i' 

DAMAGES FROiq FUTURE FLOODS 

11. A summary of estimates of damage that would result from 
future floods of various magnitudes along Indian Bend Wash is given 
in the main report. A curve showing the relationship between peak 
discharges in cubic feet per second and total damage in dollars 
under average future conditions is shown on plate 2. The discharge- 
damage curve was combined with the discharge-frequency curve shown 
on plate 1 to obtain the damage-frequency curve (plate 2). The area 
under the damage-frequency curve represents the estimated total 
flood damages during a 100-year period for the overflow area; that 
total divided by 100 is the estimated average annual damage for the 
area. 
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SCOPE 

This appendix includes the  comments of 
Federal and S ta te  agencies on t h i s  report. 
Where pe- t inen t ,  rep l ies  of the  U. S. Arqy 
Engineer D i s t r i c t ,  Los Angeles, a re  included. 



UNITED STATES 
DEPAUTWNT OF THE INTERIOR 

BUREAU OF RECLAMATION 
REGION 3 

BOULDER CITY, NEVADA 

April 23, 1962 
In reply 
r e f e r  to:  3-700 

a 
Dis t r i c t  Engineer 
U. S. Army Engineer 

Dis t r ic t ,  Los Angeles 
P. 0. Box 17277, Foy Station 
Los Angeles 17, California 

Dear S i r :  

We have reviewed your proposed interim report  on survey f o r  flood 
control, Indian Bend Wash, Arizona and have the following comments. 

We agree t h a t  the basic plan would provide a much needed improvement 
for  the  area. It would a l so  furnish a drainage channel in to  which 
surface o r  piped runoff from the adjacent areas and s t r e e t s  could 
be routed. With the protection provided by the channel, loca l  
improvements could, and no doubt would, be completed by the community 
and pr ivate  i n i t i a t i v e .  A t  present, a variable width band of low- 
lying land adjacent t o  the  i l l -def ined wash i s  undeveloped or  
p a r t i a l l y  occupied by low cost structures.  Many of these buildings 
present a very unsightly appearance and depreciate the  value of 
adjacent areas. 

It i s  believed t h a t  the proposed plan of routing flood waters across 
the Arizona Canal and sp i l l i ng  over the south bank would create serious 
operating d i f f i cu l t i e s .  The most c r i t i c a l  s i tua t ion  would occur a f t e r  
a heavy flow had passed over the  open section of the canal. It i s  
conceivable t h a t  debris and sediment could be deposited i n  the canal 
t o  such an extent t h a t  scheduled del iver ies  could not be resumed 
u n t i l  a cleanup operation had been completed, possibly requiring 
several days. This could be c r i t i c a l  during the summer f lash  flood 
period i n  regard t o  both agr icul tural  and municipal water needs. 
The City of Phoenix diver ts  water from the Arizona Canal t o  i t s  
Squaw Peak pur i f ica t ion  p lan t  (located between 22nd and 24th 
S t ree t s ) .  It i s  our understanding t h a t  other similar plants  
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possibly may be built by other municipalities. We seriously 
question the advisability of dumping sediment and debris laden 
flood flows directly into the Arizona Canal. 

It is suggested that further consideration be given to plans which 
would provide desired protection with a minimum of interference with 
operation of the canal. !Chis might be accomplished by an overchute 
to carry the flood waters across the canal or by siphoning the canal 
under the wash. %is would require the construction of new wasteway 
facilities in the Arizona Canal to replace the existing Indian Bend 
wasteway. 

The original design capacity of the Arizona Canal at Granite Reef 
Diversion D m  was 2,000 second-feet. It is believed that this 
capacity should be maintained to the bifurcation works at Cross Cut 
Canal. Permanent limitation to a lesser capacity by a new structure 
at Indian Bend would not be advisable, particularly with the possi- 
bility of increased flows in the canal which could occur with the 
construction of the potential Central Arizona Project. The Interim 
Report indicates, on page 19 and elsewhere by inference, that the 
capacity of the Arizona Canal at Indian Bend is 1,500 cfs. 

The Interim Report does not detail the items for which the $300,000 
for irrigation structures will be expended (~ppendix 3-3). Therefore, 
we are unable to conment on these features. We wish to call your 
attention to the fact that the Indian Bend Wash has for years been 
used by the Salt River Project as a wasteway for return irrigation 
flows and, from Thomas Road south, it is used to convey the flow 
from several irrigation pumps. The total waste and pumped flow are 
diverted into what is known as Indian Bend Pump Lateral, which 
eventually connects with the Grand Canal in the sfi of Section 9, 
T. 1 N., R. 4 E. For orientation purposes, this ditch crosses 
Scottsdale Road at Princess Road. Possibly arrangements could be 
made for this water to be conveyed in the proposed flood channel if 
suitable means could be provided to divert the flow into the Indian 
Bend Pump Lateral. If such an arrangement could be provided, it 
would also be possible to intercept, for irrigation use, some of 
the minor storm runoff resulting mostly from street and area drainage 
mentioned previously. If diversion could not be provided from the 
proposed flood channel to the lateral, a parallel conveyance channel 
(pipe or open ditch) would be needed. h e  to the rapid development 



of the area and conversion of i r r iga ted  land t o  homesites, it is 
expected that ,  i n  the near future,  l i t t l e  waste water w i l l  be 
involved; however, operation o f  the i r r iga t ion  pumps w i l l  be 
continued. The poss ib i l i t y  ex i s t s  tha t  one of the wells, located 
approximately one-half mile south of Van Buren Street ,  may be 
within the desired right-of-way and may have t o  be relocated. 

We appreciate the opportunity t o  review and comment on your report. 

Sincerely yours, 

/s/ R. S. WELSH 

For A. B. WEST 
Regional Director 

In duplicate 



SPLGP-F 

U. S. ARPE ENGIiWER DISTRICT, LOS AiiGELES 
CORPS OF EilG11il3ERS 

751 South Figueroa S t r e e t  
Los Angeles 17, Ca l i fo rn ia  

13  June 1962 

i.k. A. B. West 
Regional Direc tor ,  Region 3 
Bureau of Reclamation 
U, S, Department of the  I n t e r i o r  
Boulder City,  Nevada 

Dear M r Y  liiest: 

Reference i s  made t o  your l e t t e r  dated 23 Apr i l  1962 containing 
comments t o  our proposed in ter im repor t  on survey f o r  f lood con t ro l ,  
Indian Bend Wash, Arizona. 

lie have given f u r t h e r  considerat ion t o  t h e  design of the  pro- 
posed f lood channel crossing of the  Arizona Canal and a r e  changing 
the design shown i n  the  proposed r e p o r t  so  t h a t  the  canal  w i l l  be 
siphoned under t h e  channel. 

You ind ica te  i n  your l e t t e r  t h a t  the o r i g i n a l  design capaci ty  
of t h e  Arizona Canal of 2,000 cubic f e e t  per  second should be main- 
t a ined  a t  Indian Bend Wash. I n  our ana lys i s ,  we d i d  not  in tend t o  
change the present  capacity of t h e  canal  and a r e  using 2,000 cubic 
f e e t  per  second i n  the design of the  siphon. We a r e  a l s o  rev i s ing  
the  r e p o r t  t o  i n d i c a t e  t h a t  the  capaci ty  of the  Arizona Canal i s  
about 2,000 cubic f e e t  per  second. 

You mention a poss ib le  arrangement t o  d i v e r t  both r e t u r n  irri- 
ga t ion  flows and minor storm runoff from the proposed channel i n t o  
the  Indian Bend Pump La te ra l ,  j u s t  south of Van Buren S t ree t .  Design 
s t u d i e s  show t h a t  such a f a c i l i t y  could be provided. This f e a t u r e  
w i l l  be indica ted  on the  p l a t e s  i n  the  completed i s s u e  of t h e  repor t .  

S incere ly  yours, 

/s/ EDWARD l(0E:QI 
Chief,  Engineering Division 



UNITED STATES 
DEPARTMENT OF THE INTERIOR 
FISH AND WILDLIFE SERVICE 

BUREAU OF SPORT FISHERIES AND WILDLIFE 
P. 0. Box 1306 

Albuquerque, New Mexico 

April 3, 1962 

District Engineer 
Corps of Engineers, U. S. Army 
P. 0. Box 17277, Foy Station 
Los Angeles, California 

Dear Sir: 

Reference is made to your letter of March 16, 1962, transmitting 
for our review a copy of your Interim Report on Indian Bend Wash, 
Arizona. The changes made in your report do not materially change 
the analysis presented in our letter report of August 14, 1961. 
The area is urbanized and no important fish and wildlife resources 
are involved. Extensive benefits could be realized, however, if 
a permanent water area suitable for fishing could be developed as 
part of the project. 

This opportunity to review your report is appreciated. 

Sincerely yours, 

/s/ CAREY H. BENNETT, Chief 
Division of Technical Services 

cc: 
Director, Arizona Game and Fish Department, Phoenix, Arizona 
Field Supervisor, Branch of River Basin Studies, Bureau of Sport 
~isherles and wildlife, Salt Lake City, Utah 



UNITED STATES 
DEPAR'IMENT OF THE INTERIOR 
FISH AND WILDLIFE SERVICE 

BUREAU OF SPORT FISHERIES AND WILDLIFE 
P. 0. BOX 1306 

Albuquerque, New Mexico 

August 14, 1961 

Di s t r i c t  Engineer 
Corps of Engineers, U. S. Army 
P. 0. Box 17277, Foy Stat ion 
Los Arigeles 17, California 

Dear S i r :  

This l e t t e r  const i tutes  our report  on your investigations of flood 
control problems along Indian Bend Wash, Vicinity of Scottsdale, 
Arizona. It has been prepared i n  accordance with the Fish and 
Wildlife Coordination Act (48 Stat,. 401, as amended; 16 U.S.C. 661 
e t  seq. ), and has received the concurrence of the Arizona Game 
and Fish Department by l e t t e r  dated August 7, 1961, signed by 
Director Robert J. Smith. 

It i s  our understanding t h a t  the  plan under consideration would 
comprise an ear th  diversion levee about 59,000 f e e t  long running 
north of the  Arizona canal from Indian Bend Wash eastward t o  a 
point near the Evergreen Wasteway and then on in to  the S a l t  River. 

The project  area  i s  l a rge ly  urbanized and no s ignif icant  f i s h  and 
wildl i fe  values are  involved. The project  i t s e l f  w i l l  cause no 
s ignif icant  losses  and no f i s h  and wi ld l i fe  benefits  w i l l  be 
realized.  If, however, study by your of f ice  should reveal the  
f e a s i b i l i t y  of impounding one or  more areas of permanent water 
sui table  f o r  f i sh  production, impontant benef i ts  could be achieved. 

Sincerely yours, 

/s/ JOHN C. GAmIN 
Regional Director 



Distribution: 

(2) Director, Arizona Game and Fish Department, Phoenix, Arizona 
(2) Field Supervisor, Branch of River Basin Studies, Bureau of 

Sport Fisheries and Wildlife, Salt Lake City, Utah 



Robert J. Smith 
Director 

ARIZONA GAME & FISH DEPAR'IMENT 
105 State Office Building 

Phoenix 7, Arizona 

Wendell Swauk 
Assistant Director 

August 7, lgbl 

District Engineer AIR MAIL 
U. S. Army Engineer District, Los Angeles 
P. 0. Box 17277, Foy Station 
Los Angeles 17, California File No. SPLGP-F 

Dear Sir: 

We appreciate having Mr. Thompson's letter and attached 
maps requesting our comments on the proposed Indian Bend Wash flood 
control project. 

It appears that an earth diversion levee some 59,000 feet 
long is proposed for construction from Indian Bend Wash west of Scotts- 
dale Road through the Salt River Indian Reservation to the Salt River. 

Much of the project area is urbanized or within the Indian 
Reservation and no significant wildlife values will be affected. It does 
not appear that any benefits to either fish or wildlife can be realized in 
connection with the proposal. Should it be determined as project plans 
develop that one or more areas for permanent water impoundment might 
be provided, important fish and recreational benefits could result and 
our office would appreciate being advised accordingly. 

Sincerely, 

a 
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R. J. SMITH, Director 

Is/ By: 0. N. ARRINGTON 
Lands Division 



In reply refer  to: 
UNITED STATES Land Operations 

DEPARTMENT OF THE INTERXR 
BUREAU OF INDIAN AFFAZS 

Phoenix Area Office 
P. 0. Box 7007 

Phoenix 11, Arizona 

April 16, 1962 

Your reference: SPLGP-F 

Dis t r ic t  Engineer 
U. S. Army Engineer Dis t r ic t ,  Los Angeles 
Corps of Engineers 
751 So. Figueroa S t .  
Los Angeles 17, Calif .  

Dear Sir :  

Reference i s  made t o  your l e t t e r  dated 16 March 1962, concerning 
the proposed interim report  fo r  flood control, Indian Bend Wash, 
Arizona. 

The plan proposed i n  the  report  f o r  a concrete-lined channel 
lying west of the  Sa l t  River Indian Reservation meets with the 
approval of the  Phoenix Area Office of the Bureau of Indian Affairs. 

The only suggestion which we have t o  of fe r  i s  tha t  some modification 
of the  crossing of Indian Bend Wash and the Arizona Canal be con- 
sidered which would permit flow of water from the north side of the 
canal i n t o  the proposed flood channel without backing up the canal 
t o  a dangerous elevation a s  t o  Indian lands upstream. 

Thank you f o r  the  opportunity t o  review t h i s  interim report .  

Sincerely yours, 

/s/ GEORGE W. HEDDEN 
Assistant Area Director 



U. S. ARMY ENGINEER DISTRICT, LOS ANGELES 
CORPS OF ENGINEERS 

751 South Figueroa S t ree t  
Los Angeles 17, California 

SPLGP-F 

M r .  George W. Hedden 
Assistant Area Director 
Phoenix Area Office 
Bureau of Indian Affairs 
U. S. Department of the Inter ior  
P. 0. Box 7007 
Phoenix 11, Arizona 

ATTENTION: Land Operations 

Dear Mr. Hedden: 

Reference is made t o  your l e t t e r  of 16 April 1962 regarding our 
interim report  on flood control, Indian Bend Wash, Arizona. 

You suggested tha t  a modification of the  crossing of Indian Bend 
Wash and Arizona Canal be considered. I f  the project  i s  authorized f o r  
construction, we w i l l  make detai led design studies t o  provide a canal 
crossing which w i l l  meet the  requirements of a l l  concerned agencies. 

Sincerely yours, 

/ s /  EDWARD KOEHM 
Chief, Engineering Division 



In reply refer  t o  
UNITED STATES E 

DEPARTMENT OF THE INTERIOR 
BUREAU OF LAND MANAGEIIENT 

STATE OFFICE 
3022 Federal Building 
Phoenix 25, Arizona 

March 28, 1962 

Mr.  H. W. Thompson 
Chief, Engineering Division 
U. S. Army Engineer D i s t r i c t  
751 South Figueroa St.  
Los Angeles 17, California 

Dear M r .  Thompson: 

We refer  t o  your Interim Report on Survey for  Flood Control 
Indian Bend Wash, Arizona, which was sent  t o  us by your 
l e t t e r  of March 16, 1962. 

Your proposed construction on the Indian Bend Wash a f f ec t s  the  
N+NE$ and the N"@ihJ+, and SW$NW$, sec. 14, T. 1 N., R. 4E. 
The above 160 acres a r e  Federal lands which were withdrawn by 
Secretar ia l  Order dated January 25, 1923 f o r  t he  Bureau of 
Reclamation. 

The above lands a r e  under t he  control of the  United States  
Bureau of Reclamation Sa l t  River Project. We suggest you obtain 
approval of t h a t  agency f o r  right-of-way and use of these lands. 

It would be helpful i f  t he  township and range l i n e s  were on your 
maps. 

Sincerely yours, 

/s/ FRED J. WEILER 
S ta t e  Director 



U. S. ARMY ENGINEER DISTRICT, LOS ANGELES 
CORPS OF ENGINEERS 

751 South Figueroa S t ree t  
Los Angeles 17, California 

Refer t o  F i le  No. 
SPLGP-F 

M r .  A. B. West 
Regional Director, Region 3 
Bureau of Reclamation 
U. S. Department of the Inter ior  
Boulder City, Nevada 

Dear M r .  West: 

30 April 1962 

We have been informed by the Arizona S ta te  Director of the  Bureau 
of Land Management t h a t  the @NE~, the NE+N#, and the s*N@, sec. 14, 
T. 1 N., R. 4 E., generally i n  the Sa l t  River a t  the mouth of Indian 
Bend Wash and just  northeast of Tempe, Arizona, are  Federal lands with- 
drawn by Secretar ia l  Order dated 25 January 1923 f o r  the Bureau of 
Reclamation. 

These lands are  a t  the ou t le t  of the proposed Indian Bend Wash 
channel project  described i n  the  Interim Report on Survey f o r  Flood 
Control, Indian Bend Wash, Arizona, copy of which was sent t o  you f o r  
review and comment on 16 March 1962. 

We would appreciate a statement of the present s t a tu s  of these 
lands and whether the  Bureau of Reclamation intends using them. Such a 
statement would be useful i n  our planning of the proposed Indian Bend 
Wash project .  

Sincerely yours, 

/s/ EDWARD KOEHM 
Chief, Engineering Division 



U. S. ARMY ENGINEER DISTRICT, LOS ANGELES 
CORPS OF ENGINEERS 

751 South Figueroa S t ree t  
Los Angeles 17, California 

SPLGP-F 18 May 1962 

Mr. Fred J. Weiler 
Arizona S ta te  Director 
Bureau of Land Management 
U. S. Department of the In te r ior  
S ta te  Office, 3022 Federal Building 
Phoenix 25, Arizona 

Dear M r .  Weiler: Your reference "E" 

Reference is  made t o  your l e t t e r  of 28 March 1962, regarding our 
Interim Report on Survey for  Flood Control, Indian Bend Wash, Arizona. 

We have wri t ten the  Bureau of Reclamation regarding the  s ta tus  of 
the  lands you mentioned i n  your l e t t e r .  Further contact with t ha t  
agency w i l l  be made when the  need f o r  the  use of the lands a r i ses .  

The township and range l ines ,  as  you suggested i n  your l e t t e r ,  
w i l l  be shown on the design drawings i n  the report .  

Sincerely yours, 

/s/ EDWARD KOEHM 
Chief, Engineering Division 
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Your reference: 
SPLGP-F 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION - -  

Region 3 
Boulder City, Nevada 

D i s t r i c t  Engineer 
United States  Army Engineer D i s t r i c t ,  
Los Angeles 

P. 0. Box 17277, Foy Station 
Los Angeles 17, ~ a l i f o r n i a  

Attention: M r .  Edward Koehm 
Chief, Engineering Division 

Dear Sir:  

The following information i s  furnished i n  reply t o  the  l e t t e r  
from your of f ice  of April 30, 1962, concerning the land 
described as  the  N~NE*, NE:$N~~+, and the SW$M.J$, Section 14, 
T. 1 N., R. 4. E., G&SRM. These t r a c t s  of land a re  under 
Reclamation withdrawal and a re  being held as  potent ia l  material 
s i t e s  for  use i n  the  construction of the  Central Arizona Project. 
During the interim, permits have been granted t o  the Arizona 
Highway Department, Maricopa County, and the c i t y  of Phoenix, 
t o  remove sand and gravel from these lands. These lands a r e  
a l so  crossed by various u t i l i t i e s ,  rights-of-way f o r  which have 
been granted by t h i s  office.  I f  any fur ther  information i s  
necessary, please contact us. 

Sincerely yours, 

Is/ A. B. WEST 
Regional Director 



UNITED STATES 
DEPARTMENT OF THE INTERYOR 

BUREAU OF RECLAMATION 
Region 3 

Boulder City, Nevada 
3-420 

May 16, 1962 
Your reference: 
SPLGP-F 

Di s t r i c t  Engineer 
United S ta tes  Army Engineer Dis t r ic t ,  

Los Angeles 
P. 0. Box 17277, Foy Stat ion 
Los Angeles 17, California 

Attention: M r .  Edward Koehm 
Chief, Engineering Division 

Dear S i r :  

Since our reply of May 7, 1962, t o  your l e t t e r  of April 30, 
1962, it has been suggested t h a t  possibly t he  reason f o r  your 
inquiry concerning these lands was t h a t  they were needed 
f o r  right-of-way f o r  flood control works i n  Indian Bend 
Wash. In t h i s  connection, Maricopa County has previously 
contacted us requesting an easement f o r  flood control works 
across t he  Reclamation-withdrawn lands i n  Section 1 4 ,  T. 1 N.,  
R. 4 E., G&SRM. We have prepared a document for  an easement 
which was sa t i s fac tory  t o  t he  County, have informed it 
tha t  such docment would be executed i f  and when flood control 
works were ac tua l ly  ins t i tu ted .  

Sincerely yours, 

/s/ A. B. WEST 
Regional Director 



Office of 
Regional Director 

UNITED STATES 
DEPARrnNT OF THE INTERIOR 

BUREAU OF MINES 
Region I11 

224 New Custom House 
Denver 2, Colorado 

April lg, 1962 

District Engineer 
U. S. Army Engineer District, 
Los Angeles 

P. 0. Box 17277, Foy Station 
Los Angeles 17, California 

Dear Sir: 

Referring to your letter of March 16, 1962, File No. SPLGP-F, 
concerning the proposed interim report for flood control, Indian 
Bend Wash, Arizona, we transmit the following comments: 

Indian Bend Wash is the main drainage channel in Paradise Valley, 
which lies between the Phoenix Mountains and Camelback Mountains 
on the west and the McDowell Mountains on the east. Arizona Canal, 
one of the main canals of the Salt River system, draws water from 
Granite Reef Reservoir, flows westward and crosses Indian Bend 
Wash just north of Scottsdale. When Arizona Canal was built, the 
area along Indian Bend Wash, and between it and Salt River was 
being fanned, but now it includes the eastern part of Scottsdale, a 
town of about 10,000 people. The stream channels between Arizona 
Canal and Salt River are generally poorly defined and recurring 
heavy rainstorms flood the area. The District Engineer, U. S. Army 
Corps of Engineers, proposes to reduce flood hazards by constructing 
a channel along Indian Bend Wash from Arizona Canal to Salt River. 

The major source of sand and gravel used during the last ten years 
in construction in the Phoenix area has been the bed of the Salt 
River between Gilespie Dam and McDowell Reservoir. 

In a previous investigation (interim report on survey for flood 
control, Gila and Salt Rivers, Gilespie Dam to McDowell Dam site, 
Arizona) propofied Chamel improvements along the Salt River from 
Gilespie Dam to Mckwell Reservoir were investigated, and it was 
determined that there would be no ill effect on sand and gravel 



/s/ ROBERT W. GEEHAN 
Regional Director, Region I11 

operations i n  the area. Although channel improvements along the 
lower part of Indian Bend Wash w i l l  expediiie the runoff from t h i s  
area i n t o  the Sa l t  River, it is  believed tha t  the increase w i l l  not be 
suff ic ient  t o  materially change findings already reported. No other 
mineral commodities or ins ta l la t ions  a re  known i n  the affected area. 

Sincerely yours, 

l 

a 
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UNITED STATES 
DEPARTMENT OF THE INTERIOR 

NATIONAL PARK SERVICE 
Region Three 

Santa Fe, New Mexico 

April 4, 1962 

District Engineer 
U. S. Army Engineer District, Los Angeles 
P. 0. Box 17277, Foy Station 
Los Angeles 17, California 

Dear Sir: 

Thank you for the opportunity to review your proposed interim 
report for flood control, Indian Bend Wash, Arizona. 

Any construction along Indian Bend Wash will almost certainly 
damage or destroy prehistoric structures. If this project 
is authorized, an archeological survey of the area will be 
made by the National Park Service. 

Sincerely yours, 

/s/ THOMAS J. ALLEN 
Regional Director 



U. S. ARMY ENGINEER DISTRICT, LOS ANGELES 
CORE OF ENGl7VEEZlS 

751 South Figueroa Street 
Los Angeles 17, California 

SPLGP-F 30 April 1962 

Mr. Thomas J. Allen 
Regional Director, Region Three 
National Park Service 
U. S. Department of the Interior 
Santa Fe, New Mexico 

Dear Mr. Allen: 

Reference is made to your letter O f  4 April 1562 regarding our 
interim report for flood control, Indian Bend Wash, Arizona. 

If the project is authorized for construction, we will coordinate 
our plans to permit an archeological survey of the area by your agency. 

Sincerely yours, 

I s /  EDWARD KOEHM 
Chief, Engineering Division 

5-19 



UNIrnD STATES 
DEPARTMENT OF THE INTJ3RIOR 

GEOLCOICAL SURVEY 
TOPOGRAPHIC DIVISION 
345 MiCdlefield Road 

Menlo Pe.rk, California 
Davellport 5-6761 

April 3, 1962 

Memorandum 

To: H. W. Thompson, Chief, Engineering Division 
Corps of Engineers, Los Angeles 

From : R. 0, Davis, Geological Survey Member, PSFC 

Subject : Corps of Engineers report on "Indian Bend Wash, 
Arizona" 

Copies of the subject report have been given quick review in our 
field offices and no significant suggestions are made at this time. 

We appreciate the opportunity to review the report and are holding 
the three copies in our files for reference purposes. 

/s/ ROBERT 0. DAVIS 



DEPARTMENT OF 
HEALTH, EDUCATION, AND WbZFARE 

REGIONAL OFFICE 

April 12, 1962 

Public Health Service 
447 Federal Office Building 
San Francisco 2, California 

Colonel W. T Bradley 
Di s t r i c t  Engineer 
U. S. Army Engineer Dis t r ic t ,  Los Angeles 
Corps of Engineers 
P. 0. Box 17277, Foy Station 
Los Angeles 17, California 

Dear Colonel Bradley: 

In accordance w i t h  the pol ic ies  and procedures of the 
Federal Inter-Agency Committee on Water Resources, we 
have prepared the enclosed public health comments on 
your "Interim Report on Survey fo r  Flood Control, Indian 
Bend Wash, Arizona (with appendbes)". 

We appreciate the opportunity of reviewing the project, 
and wish t o  be kept informed of i t s  development. 

Sincerely yours, 

/s/ WILLIAM B. SCHREEDER 
Chief, Water Resources Development 
Section, DWS&PC, PHs, Region XX 

Enclosure 

cc: M r .  G. W. Maxx 
M r .  M. B. Rainey 
Mr. Charles E. Sponagle 
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PUBLIC HEALTH ASPECTS 

on 

INDIAN BEND WASH, ARIZONA 

INTXODUCTION 

In accordance with the pol ic ies  and procedures of the Federal Inter-  
Agency Committee on Water Resources, t h i s  off ice  has reviewed the 
"Interim Report on Survey for  Flood Control, Indian Bend Wash, 
Arizona, (with appendixes)", as  requested by the Corps of Engineers. 
The Public Health Service has requested and received the comments 
of the Arizona State  Department of Health. 

The Indian Bend Wash basin, which is  a small par t  of the  58,200-square- 
mile drainage area of the Gila River, comprises about 224 square miles 
i n  south-central Arizona about 10 miles eas t  and northeast of Phoenix. 
Indian Bend Wash is t r ibu ta ry  t o  the Sa l t  River upstream from Phoenix. 
The basin, which i s  en t i r e ly  within Maricopa County and pa r t ly  within 
the Phoenix metropolitan area, i s  an elongated area with a maximum 
north-south length of about 26 miles and a maximum east-west width 
of about 15  miles. 

The Arizona canal, which crosses the upper end of the project area, 
tends t o  intercept and diver t  minor flows (up t o  1,500 cubic f ee t  
per second) away from the developed areas. However, flows i n  excess 
of t ha t  amount breach the south bank of the canal and cause dmage 
of major proportions t o  res ident ia l ,  commercial, public, u t i l i t y ,  
i r r igat ion,  s t r e e t  and highway, and agricul tural  properties. 

The recommended plan of improvement provides f o r  a concrete l ined 
trapezoidal channel, extending along Indian Bend Wash from the Arizona 
canal t o  the S a l t  River, t o  control a flood of 40,000 cubic f e e t  per 
second. This s ize  flood i s  estimated t o  occur, on the average, about 
once i n  100 years. 

Two revetted earth levees would be required jus t  upstream from the 
Arizona canal t o  co l lec t  and d i rec t  the floodwaters toward the 
channel. The concrete channel would be about 7 miles long and would 
be excavated en t i r e ly  below the natural  ground. The channel section 
would have a bottom width of 14 f e e t  and side slopes of 1 ver t ica l  
on 2.25 horizontal. llhe depth of channel would vary from 23.5 f e e t  
t o  26.5 f ee t .  

A t  the  downstream end, an out le t  t rans i t ion  consisting of a leveed 
channel section would be provided t o  d i rec t  the flows in to  the cleared 
channel and the low flow channel of the  Sa l t  River. !he levees would 
be revetted on the channel side. Construction of the channel would 
require construction of bridges a t  Camelback Road, Indian School Road, 
Thomas Road, McDowell Road, and Van Buren Street ;  and the relocation 
of two City of Phoenix water supply mains and a l so  other u 6 i l i t i e s .  
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SANITARY EigGINEERING 

Water 

The proposed flood control improvements w i l l  not d iver t  or impound 
water applicable t o  municipal and indus t r ia l  use. Two Phoenix 
water l ines  (60- and 45-inch), however, would be relocated t o  c lear  
the channel construction. Such relocation should be directed i n  
accordance with State health regulations, and with a minimal 
discontinuance of service. 

Sewage Disposal 

Relocation of sewage f a c i l i t i e s  should similarly be directed i n  
accordance with State  health regulations, and with a minimal dis-  
continuance of service. 

Water Pollution Control 

By reducing the sediment load of flood waters through channel improve- 
ment, the proposed works should improve the p b s i o a l  qual i ty  of down- 
stream waters. Measures should be incorporated in the work plan t o  
protect  against the deposition of so l id  wastes in the channel. 

Low-Flow Augmentation 

Section 2b(2) of Public Law 660, amended by Public Law 87-88, is 
not applicable, a t  t h i s  time, t o  t h i s  project. 

General Sanitation 

All  construction f a c i l i t i e s ,  both permanent and temporary, sha l l  be 
constructed and operated i n  accordance t o  loca l  regulations govern- 
ing water supply, waste disposal, and public health and safety. 
Inspection of the works i s  desirable,  primarily a f t e r  each major 
flood, t o  determine the general sanitary improvements required. 

VECTOR PROBWIS 

Public Health and 
Socio-Economic Im~ortance 

itosquitoes a r e  the pr incipal  vectors which might be affected by the 
project. Several species of mosquitoes of public health importance 
may be produced i n  large numbers i n  the area when sui table  aquatic 
habi ta ts  a re  present. Encephalitis, commonly known a s  sleeping sick- 
ness or brain fever, is now the most important mosquito-borne disease 
i n  the United States  and the area i n  which the proposed project  w i l l  
be located. Mosquitoes transmit the encephalit is  viruses among birds  
and from them t o  humans and horses. There a r e  no effect ive chemo- 
therapeutic measures f o r  preventing or t rea t ing  human cases, and some 
individuals, par t icular ly  children, who recover from encephalit is  
often suffer permanent mental disabi l i ty .  
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Records of the U. S. Department of Agriculture show t h a t  equine enceph- 
a l i t i s  cases occurred i n  Naricopa County and/or wighboring counties 
during a l l  years of the 17-year period, 1739 througll 1955, for  which 
records a re  available. During 4 of these years, ?~Iaricopa County had 
an incidence i n  excess of 5 encephalit is  cases per 1,000 horses. 

According t o  personnel of the State health department, there were 
four human encephalit is  cases reported from PIaricopa County during 
1960: i n  the same year there were 25 eauine enceahalit is  cases , , " - A 

reported from the county. Both - Culex -- t a rsa l i s  and - Culex quinque- 
fasciatus  occur i n  the area and are  considered primary vectors of 
enceuhalitis. These mosauitoes a re  produced i n  a wide range of 
aquaiic habi ta ts  containing e i ther  fGesh or foul  water, such a s  
roadside ditches,  seepage pools, flooded depressions, and other 
semipermanent and permanent bodies of water. 

Several species of vicious-biting Aedes and Psorophora aiosquitoes, 
including Aedes vexans and Psorophora confinnis, a l so  occur i n  the 
area. Large numbers of these mosquitoes may create public health 
problems by interfer ing with the  healthful outdoor a c t i v i t i e s  of 
both children and adul t s  during the summer months. Individuals, 
par t icular ly  children, frequently require medical a t tent ion and some- 
times hospitalization f o r  treatment of secondary infections and 
a l le rg ic  reactions resul t ing from mosquito bites.  The and 
Psorophora mosquitoes may be produced i n  temporary surface pools and 
i n  ponds and reservoirs which have shallow vegetated areas subject 
t o  fluctuating water levels. Overflow pools along streams a l so  
provide favorable l a rva l  habitats for  several  species of the highly 
pestiferous and Psorophora mosquitoes. 

In addition t o  the i r  public health importance, large numbers of 
bi t ing mosquitoes a l so  cause severe economic losses by lowering meat 
and milk production, by reducing the efficiency of agr icu l tura l  and 
indus t r ia l  workers, by in te r fe r ing  with recreational enterprises,  
and by lowering the value of r e a l  estate.  

Anticipated Effects of the 
Project on Vector Problems 

The reduction in  flooding of lowland areas expected from the proposed 
flood prevention measures should r e s u l t  i n  a reduction i n  natural  
aquatic habi ta ts  which a r e  favorable f o r  the production of mosquitoes 
of public health importance. On the other hand, cer ta in  project 
elements may r e s u l t  i n  the development of man-made aquatic habitats 
highly favorable fo r  the production of mosquitoes unless appropriate 
preventive and control measures a r e  planned and b u i l t  in to  the project 
and continued a s  a par t  of the regular operation. The various types 
of aquatic habitats that may r e s u l t  i n  the production of mosquitoes 
have been discussed i n  previous sections of t h i s  report. By making 
provisions fo r  the prevention and control of man-made mosquito 
sources, the over-all benefi ts  from the project can be greatly increased. 



Recomendations 

In order t o  minimize public health hazards, every possible e f f c r t  should 
be made t o  avoid creating conditions which w i l l  increase populations 
of mosquitoes of public health importance. It i s  recommended tha t  
the following principles and pract ices  be adhered t o  i n  the design, 
construction, operation, and maintenance of the proposed project .  

Responsibility f o r  
Mosquito Control 

Responsibility f o r  mosquito prevention and control i s  normally associ- 
ated with land ownership or  operating r igh t s .  Therefore, the agency, 
group, o r  individuals responsible f o r  various aspects of the proposed 
project  should be prepared t o  accept f u l l  responsibi l i ty  f o r  the  pre- 
vention and control of mosquito problems resul t ing from the design, 
construction, operation, o r  maintenance of the  project .  

Prevention and Source 
Reduction Measures 

1. Borrow areas resul t ing from construction of the levees should be 
made self-draining. 

2 .  Excavated channel material  unsuitable f o r  levee construction or  
backf i l l  operations should be disposed of i n  sucb a way t h a t  it 
w i l l  not r e su l t  i n  ponding. 

3.  Adequate drains should be in s t a l l ed  t o  prevent ponding on berms 
or  behind spoi l  banks, levees, or concrete channels. 

4. Drainage ditches should be designed, constructed, and maintained 
so tha t  they w i l l  concentracte low flows and reduce s i l t  deposition 
and subsequent ponding, thereby insuring free  flows a t  a l l  times. 

5. Underdrains, culverts, in le t s ,  e tc . ,  should be placed on grade t o  
prevent ponding. 

6 .  A l l  areas of natural  drainageways t h a t  are  cut  off or  bypassed by 
the new channels should be f i l l e d  o r  provided with adequate drains. 

7. Inter ior  drainage f a c i l i t i e s  should be well maintained t o  avoid 
excessive ponding. 

Supplemental Chemical 
Control Measures 

In s i tuat ions  where adequate vector control i s  not obtained through the 
prevention and source reduction measures outlined above, provisions 
should be made f o r  supplemental use of insect ic ides  and rodenticides 
t o  achieve the desired l eve l  of control. 



ACCIDENT PRZVEIiTION 

Generally, the reduced flood danger should lead t o  a safer environ- 
ment; however, the following additions t o  the planned f a c i l i t i e s  
a r e  recommended: 

1. A l l  channels should be fenced through res ident ia l  areas 
and should be so designed a s  t o  prevent public access 
insofar a s  feasible;  and 

2. A 1 1  f a c i l i t i e s  sha l l  be sui tably posted t o  inform the 
public of any hazard or danger, including the f eas ib i l i t y  
of f lash  floods. 

It is fur ther  recommended t h a t  the U. S, Public Health Service and 
State of Arizona Department of Iiealth be forwarded two copies each 
of any revisions i n  workplans or construction fo r  a public health 
review and comment. 



SPLGP-F 

U. S. ARMY ENGINEER DISTRICT, LOS ANGELES 
CORPS OF ENGINEERS 

751 South Figueroa Street 
Los Angeles 17, California 

30 April 1962 

Mr. William B. Schreeder 
Chief, Water Resources Development Section 
Water Supply and Pollution Control 
Public Health Service, Region IX 
447 Federal Office Building 
San Francisco 2, California 

Dear Mr. Schreeder: 

Your comments inclosed with your letter of 12 April 1962 regarding 
our proposed interim report for flood control, Indian Bend Wash, Arizona, 
are appreciated. 

We note that the reduction in flooding of lowland areas expected 
from the proposed flood prevention measures should result in a reduction 
in natural aquatic habitats which are favorable for the production of 
mosquitoes of public health importance. 

Your comments also contain a number of recommendations regarding 
the prevention of man-made ponding. If the project, described in the 
report, is authorized, your recommendations will be taken into careful 
consideration at the time of later detailed design studies. 

Sincerely yours, 

/s/ EDWARD KOEHM 
Chief, Engineering Division 



U. S. DEPARlMENT OF COMMERCE 
BUREAU OF PUBLIC ROADS 

230 N. 1st Avenue 
Phoenix 25, Arizona 

Region Seven May 2, 1962 

Xn reply refer to: 
07-02.6 

U. S. Army Engineer District, 
Los Angeles 
Corps of Engineers 
751 South Figueroa Street 
Los Angeles 17, California 

Attn: Mr. Edward Koehm 
Chief, Engineering Division 

Dear Sir: 

Reference is made to your letter of April 30, 1962, concerning our 
comments on your interim report for flood control, Indian Bend 
Wash, Arizona. 

We have no comment to add to that already carried in Paragraph 85 
of the report wherein Federal-aid highway funds are stated to be 
ineligible for use on highways or bridges built or reconstructed as 
part of the local contribution to financing the project. 

Sincerely yours, 

W. H. BAUGH 
Division Engineer 

/ S /  by V. G. WATSON 
District Engineer 



U. S. ARMY ENGINEER DISTRICT, LOS ANGELES 
CORPS OF ENGINEERS 

751 South Figueroa S t ree t  
Los Angeles 17, California 

SPLGP-F 

M r .  J. van de Erve 
Western Area Engineer 
U. S. Weather Bureau 
650 Capitol Ave., . 1618 
Sacramento 14, California 

Dear M r .  van de Erve: 

18 May 1962 

Tnis w i l l  acknowledge receipt  of a copy of the l e t t e r  dated 
20 March 1962 from Mr. Louis R .  Jurwitz, Meteorologist i n  Charge, 
Weather Bureau, Phoenix, Arizona, regarding our interim report  
on flood control, Indian Eend Wash, Arizona. 

The correction i n  climatological data i n  t he  Hydrology 
appendix, indicated i n  M r .  Jurwitz'  l e t t e r ,  w i l l  be made i n  t he  
f i n a l  report .  

!l?~ank you f o r  the  comments. 

Sincerely yours, 

/s/ EDWARD KOEHM 
Chief, Engineering Division 

cc: Mr. Louis R. Jurwitz 



UNITEL, STATES 
DEPARWNNT OF CCNMERCE 

WEATHER BUREAU 
2800 Sky Harbor Blvd. 

Room 135 
Phoenix 34, Arizona 

March 20, 1962 

M r .  J. van de Erve 
Western Area Engineer 
U. S. Weather Bureau 
650 Capitol Avenue, Room 1618 
Sacramento 14, California 

Dear M r .  van de Erve: 

I have reviewed the copy of the Indian Bend Wash, Arizona, interim 
report  which M r .  Thompson so graciously provided with a copy of h i s  
l e t t e r  t o  you dated 16 March 1962. 

In checking climatological data i n  Table 1, pages 1-12 of Appendix 1- 
Hydrology, I f ind  t h a t  City Office records a t  Phoenix indicate 4.82 
inches of precipi ta t ion a s  the maximum monthly amount fo r  March. 
This occurred during March 1941. ( ~ i r ~ o r t  t o t a l  f o r  the month was 
4.16 inches). 

I believe the interim report  is quite comprehensive i n  view of the 
lack of specif ic  f i e l d  hydrologic data. It is hoped t h a t  the  recom- 
mended works can be constructed as  they w i l l  afford a great  measure 
of protection t o  properties i n  the eastern sections of Phoenix and 
i n  Scottsdale. 

Sincerely yours, 

/s/ LOUIS R. JURWITZ 
Meteorologist i n  Charge 

cc: Chief Engineer, 
Los Angeles Corps of Engineers 
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U. S .  DEPAR'IMENT OF COMMFRCE ~ ~ I / Z / A B C /  j w  
COAST AND GEODETIC SURVEY 

Washington 25, D. C. 

April 17, 1962 

M r .  H. W. Thompson 
Chief, Engineering Division 
U. S. Army Engineer D i s t r i c t  
Los Angeles Corps of Engineers 
751 South Figueroa S t ree t  
Los Angeles 17, California 

Dear S i r :  

Your l e t t e r  of March 16, 1962, and the enclosed proposed report  
f o r  flood control, Indian Bend Wash, Arizona, has been referred 
here from our Los Angeles D i s t r i c t  Office. 

Primary horizontal and ve r t i ca l  control now ex i s t s  In the area 
under consideration, and i s  considered adequate t o  meet project  
needs. 

Sincerely yours, 

/s/ JAMES C. TISON, JR.  
Rear Admiral, USC&GS 
Deputy Director 



U. S. DEPAR!iMENT OF COMME23CE 
COAST AND GEODETIC SURVEY 
417 South Hill, Room 535 
Los Angeles 13, California 

May 1, 1962 

U. S. Army Engineer District, 
Corps of Engineers 
751 South Figueroa Street 
Los Angeles 17, California 

Attention: Edward Koehm, 
Chief, Engineering Division 

Gentlemen : 

We refer to your File No. SPLGP-F, letter dated April 30, 192. 

We offer no comment on the proposed interim report for flood 
control, Indian Bend Wash, Arizona, submitted with your letter 
dated March 16, 1962. 

Sincerely yours, 

/s/ E. B. BROWN 
Captain, Cedis 
Los Angeles District Officer 



FEDERAL POWER COMMISSION 
REGIONAL OFFICE 

555 Battery Street ,  Room 415 
San Francisco 11, Calif. 

April 4, 1962 

Colonel W. T. Bradley 
Di s t r i c t  Engineer 
U. S. Army Engineer Dis t r ic t ,  Los Angeles 
Corps of Engineers 
P. 0. Box 17277, Foy Stat ion 
Los Angeles 17, California 

Dear Colonel Bradley: 

We have reviewed your proposed interim report  f o r  flood control, 
Indian Bend Wash, Arizona, sent us by M r .  Thompson's l e t t e r  of March 16, 
1962 ( f i l e  SPLGP-F). Your report  shows there  i s  a serious flood problem 
along Indian Bend Wash, and tha t  the exis t ing stream channel i s  inad- 
equate i n  capacity. You found t h a t  the construction of a channel 
improvement along Indian Bend.Wash from the Arizona Canal t o  t he  
Sa l t  River would control a l l  floods up t o  and including 40,000 cubic 
f ee t  per  second, and would prevent about 96 percent of the potent ia l  
damages i n  the  area. The t o t a l  f i r s t  cost  of the  improvement i s  
estimated a t  $8,500,000, and the benef i t -cos t  r a t i o ,  based on tangible 
benefits  alone, i s  about 1.8 t o  1. 

In your studies you a l so  gave consideration t o  the  use of reser -  
voirs  and detention basins, but found them e i the r  inadequate o r  high 
i n  cost. No consideration was given t o  a Federal multiple-purpose 
project  providing f o r  flood control, hydroelectric power, and other 
functions because of the lack of sui table  s i t e s  and other factors .  

Our review indicates  you have thoroughly studied the needs and 
solutions for  the flood control problem, and t h a t  the development 
of hydroelectric power i s  not involved i n  the  proposed improvement. 

We thank you f o r  making the proposed report  available for  our 
review. 

Sincerely yours, 

/s/ LESHER S. WING 
Regional Engineer 



Region V I  

HOUSING AND HOME FINANCE AGENCY 
OFFICE OF THE REGIONAL ADNINISTRATOR 

989 Market Street  
San Francisco 3, California 

Di s t r i c t  Engineer 
U. S. Army Engineer Dis t r ic t  
751 South Figueroa S t ree t  
Los Angeles 17, California 

Dear Sir: 

In reference t o  l e t t e r  f i l e  SPLGP-F, dated March 16, 1962, 

be advised tha t  there a re  no current projects  located i n  the 

area of Indian Bend Idash, Arizona. 

Sincerely yours, 

/s/ PAUL E3iMERT 
Regional Director 
Community Fac i l i t i e s  



UNITED STATES 
DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

2180 Milvia S t ree t  
Berkeley 4, California 

M r .  Edward Koehm, Chief 
Engineering Division 
Corps of Engineers 
U. S. Army Engineer Dis t r ic t ,  L. A. 
P. 0. Box 17277, Foy Stat ion 
Los Angeles 17, California 

Dear M r .  Koehm: 

Reference is made t o  your l e t t e r  of 30 April concerning the proposed 
interim report  fo r  flood control, Indian Bend Wash, Arizona sent t o  
us under date of 16 March f o r  review and comment. 

In accordance with prescribed procedures, d i s t r ibu t ion  of the  report  
was made t o  Robert V. Boyle, S ta te  Conservationist, So i l  Conservation 
Service, Phoenix, Arizona; and t o  Fred H. Kennedy, Regional Forester, 
U. S. Forest Service, Albuquerque, New Mexico. Comments from these 
off ices  were received and coordinated i n  t h i s  office, and the indi-  
vidual agency comments were furnished t o  your of f ice  under dates of 
23 March and 16 April respectively. 

This off ice  has reviewed the report  and f e e l s  t ha t  the  comments from 
Messrs. Boyle and Kennedy are  adequate considering the minimal e f fec t  
the  proposed works of improvement appear t o  have on the agr icul ture  
of the area. My comments are  l imited s t r i c t l y  t o  the  agr icul tural  
concepts presented i n  the report .  

Thanks f o r  the opportunity t o  review the report .  

Sincerely yours, 

/s/ K I R K  M. SANDALS 
River Basin Representative 



UNITED STATES 
DEPLR7NFK3F AGRICULT'RE 
SOII CONSERVATION SERV ICI: 
Arizona State Office 

Room 6015, Federal Building 
Phoenix 25, Arizona 

April 16, 1962 

AIR MAIL 

District Engineer 
U. S. Army Engineer District, L. A. 
P. 0. Box 17277, Foy Station 
Los Angeles 17, California 

Dear Sir: 

Reference is made to your letter of March 16, 1962, transmitting 
your Interim Report on the Survey for Flood Control of the Indian 
Bend Wash in Arizona. 

Any affects of this program on agriculture in the area would be 
insignificant. As you mentioned in the report - "Most of the 
agricultural development in the Indian Bend Wash Basin is now 
confined to the Salt River Indian reservation ---Ir. There are no 
soil conservation districts in this area. 

We appreciate the opportunity to review the subject reports. 

Sincerely yours, 

/s/ ROBERT V. BOYLE 
State Conservationist 
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UNITED STATES 
DEPARWNT OF AGRICULTURE 

FOREST SERVICE 
Southwestern Region 
517 Gold Ave . , SW 

Albuquerque, New Mexico 

March 23, 1962 

Mr. H. W. Thompson, Chief 
Engineering Division 
Corps of Engineers 
U. S. Army Engineer District 
Los Angeles, California 

Dear Mr. Thompson: 

Reference is made to your letter of March 16, in which you request 
comments on the Interim Report on Survey for Flood Control, Indian 
Bend Wash, Arizona. 

We have reviewed the report and find that the U. S. Forest Service 
administers no lands within the project area and thus we have no 
comments to make on the report. 

Sincerely yours, 

FRED H. KENNEDY 
Regional Forester 

/a/ By: 0. M. Jackson 



ARIZONA KIGHWAY DEPARTMENT 
Phoenix 7, Arizona 

9 April 1962 

Dis t r ic t  Engineer 
U. S. Army Engineer D i s t r i c t ,  

Los Angeles 
P. 0. Box 17277 - Foy Station 
Los Angeles 17, California 

Attention3 H. W. Thompson 
Chief, Engineering Division 

RE1 SPLGP-F 

Gentlemen: 

In  accordance with your l e t t e r  of 16 March, I 
have reviewed the proposed interim report  fo r  flood control, 
Indian Bend Wash, Arizona. 

The Arizona Game & Fish Department i s  not con- 
cerned with the project a s  proposed since f i s h  and wi ld l i fe  
benefits  w i l l  not be realized. Their specif ic  comments w i l l  
be forwarded d i r ec t ly  t o  your office. 

No comments o r  expressions of i n t e re s t  have been 
received from any other S ta t e  agency. 

Since the  recommended improvement meets the needs 
f o r  flood control i n  the Scottsdale area as  expressed by 
local  in te res t s ,  and since the  report  has shown the project 
t o  be feas ib le  and economical, I concur with the recommenda- 
t ions as  expressed therein. 

Very t r u l y  yours, 

/s/ MARTIN TONFY 
Engineer of Bridges and Dams 



ARIZONA GAME & FISH DEPARTMENT 
105 State Office Building 

Phoenix 7, Arizona 

April 9, 1.962 

District Engineer 
U. S. Army Engineer District, Los Angeles 
P. 0. Box 17277, Foy Station 
Los Angeles 17, California 

Dear Sir: 

We appreciate receiving a copy of your Interim Report on Survey 
for Flood Control, Indian Bend Wash, Arizona and your request of 
March 16, 1962, for any further comments we may have regarding this 
proposed project. 

The proposed project developments are within an area that is 
urbanized or rapidly becoming so and no significant fish and wildlife 
values are involved. As a result, our Department will have no concern 
unless your office determines prior to construction that it is feasible 
to Impound water permanently at some point which would be suitable for 
fish production. In that event inportant benefits could be achieved 
in one of the most desirable residential areas in the southwest. 

R. J. SMITH, Director 

/s/ By: 0. N. ARRINGTON, Chief 
Special Services Division 

cc: U. S. Fish and Wildlife Service, Albuquerque 
Martin Toney, Phoenix 



APPENDIX 6 - RESOLUTION BY LOCAL INTERESTS 

I N D I A N  BEiTD WASH, ARIZOIVA 
GILA RIVER BASIN, ARIZ. AND N. MEX. 

MURICOPA COUNTY RESOLUTION 

WHEREAS, Act of Congress, Public Law 761, Seventy-f i f  t h  
Congress, approved June 28, 1938, authorized a preliminary examina- 
t i on  and survey f o r  flood control on the Gila River and t r ibu tar ies ,  
Arizona and New Mexico; 

WHEREAS, a flood-control project  fo r  Indian Bend Mash i n  the 
v ic in i ty  of Scottsdale, Arizona, i s  being considered i n  an interim 
report  fo r  flood control on Indian Bend ~Jash, Arizona, and is being 
prepared by the  Dis t r ic t  Engineer, U. S. Army Corps of Engineers 
a t  Los Angeles , California; 

MEBREAS, protection against  flood damage would be provided t o  
property along Indian Bend Wash i n  and adjacent t o  Scottsdale, 
Arizona, by a channel improvement under consideration f o r  construc- 
t i on  by the United States;  

WEEREAS, Section 3 of Public Law 738, Seventy-fourth Congress, 
provides tha t  no money appropriated s h a l l  be expended on the con- 
s t ruct ion of any project u n t i l  States ,  p o l i t i c a l  subdivision thereof, 
or any other responsible loca l  agencies have given assurances sa t i s -  
factory t o  the  Secretary of the Army t h a t  they w i l l  assume cer ta in  
enumerated obligations; 

WHEREAS, T i t l e  45, Chapter 10, Section 45-2323 of the Arizona 
State  Water Code authorizes the Board of Supervisors of any county, 
separately or severally,  t o  cooperate with the  United States fo r  
the  construction of a flood-control project  within any such county 
o r  counties f o r  l oca l  flood-control protection; 

WHEREAS, the  Board of Supervisors of Maricopa County has con- 
sidered the need fo r  flood control along Indian Bend Wash i n  and 
adjacent t o  Scottsdale, Arizona, and has agreed t h a t  it go on record 
supporting the flood-control program under consideration by the 
United States  Army Engineers. 

NOW, THEREFORE, BE IT RESOLVED by the  Board of Supervisors of 
Maricopa County, Arizona and the Board of Directors of the  Flood 
Control Dis t r ic t  of h r i c o p a  County, Arizona, tha t ,  i f  a flood- 
control project  consisting of a channel improvement along Indian 
Bend Wash between the Arizona Canal and the S a l t  River be found 
economically feas ib le  and be authorized by Act of Congress, the  
County of Maricopa and the Flood Control Dis t r ic t  of Maricopa County 
w i l l  par t ic ipate  t o  the best of t he i r  a b i l i t y  by assuming the fo l -  
lowing obligations: 
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a. Acquire and provide, without cost  t o  the United States ,  
a l l  lands, easements, and rights-of-way necessary fo r  the construc- 
t i on  of the project,  a t  a cost  presently estimated a t  $700,000. 

b. Perform, without cost  t o  the United States ,  a l l  necessary 
relocations of highways and roads (including bridges), u t i l i t i e s ,  
drainage and i r r iga t ion  f a c i l i t i e s ,  and a l l  necessary s t r e e t  modi- 
f ica t ions  requS.red i n  connection with the project,  a t  a cost  
presently estimated a t  $700,000. 

c. Hold and save the United States or any instrumentality, 
department, or agency thoreof, f r e e  from any damages a r i s ing  from 
construction, maintenance, and operation of the work. 

d. Maintain and operate, upon completion a l l  works i n  accord- 
ance with regulations t o  be prescribed by the Secretary of the Army. 

e: Establish and enforce flood-channel l i m i t s  and. regulations, 
sat isfactory t o  the Secretary of the A r m y ,  fo r  the preservation of 
the flood-carrying capacity of the proposed improvement. 

BE I T  FURTHER RESOLVSD t h a t  t h i s  resolution be entered i n  the 
minutes of the Board of Supervisors of the County of Mzricopa and 
the  minutes of the Board of Directors of the Flood Control Uis t r ic t  
of Maricopa County and tliat the Clerk of sa id  County bo, and is hereby 
directed t o  forward a ce r t i f i ed  cocy of t h i s  reso1utio:l t o  the Di s t r i c t  
Engineer, U. S. Army Engineer Dis t r ic t ,  Los Angeles, Corps of Engineers, 
Post Office Box 17277, Foy Stat ion,  Los h g e l e s  17, California. 

PASSED AND APPROVED THIS 5 th  day of February, 1962. 

1.1 - Ruth A. 0,DNeil. 
Chairman of the Board of Directors 
of the Flood Control D i s t r i c t  of 
Maricopa County 

1.1 Ruth A. OvNeil 
Chairman of the Board of Supervisors 
of Naricopa County 

ATTEST: 

/s/Rhea Averill 
Clerk of the Board 



INDIAN BEND WASH, ARIZONA 
GILA RIVER BASIN, ARIZ. AND N. MEX. 

Information cal led for by 
Senate Resolution 148, 85th Congress 

Adopted January 28, 1958 

1. Problems considered.--This report  considers the flood ----- 
problem d o n g  Indian Bend Wash, i n  and near Scottsdale, Ariz. 
Indian Bend Wash i s  a t r ibutary of the Sal t  River just  upstream of 
Phoenix. The drainage area ccmprises about 224 square miles. The 
Arizona canal, which crosses the upper end of the developed area, 
tends t o  intercept  and d iver t  minor flows (up t o  2,000 cubic f e e t  
per second) away from the developed areas. However, flows i n  
excess of t h a t  amount breach the south bank of the canal and cause 
damage of major proportions t o  res ident ia l ,  commercial, public, 
u t i l i t y ,  i r r iga t ion ,  s t r e e t  and highway, and agricul tural  properties. 

2. Recommended imorovemeG. --(a) The recommended plan of 
improvement provides fo r  a concrete l ined trapezoidal channel, 
extending along Indian Bend Wash from the Arizona canal t o  the Sa l t  
River, t o  control a flood of ~10,000 cubic f e e t  per second. This 
s i ze  flood i s  estimated t o  occur, on the average, about once i n  100 
years. Suoh a flood, although about 56 percent of the standard 
project flood, i s  about 2-112 times a s  large as  any known flood of 
record and would be more than 25 times the average non-damaging 
capacity of the existing wash. About 96 percent of the average 
annual damages would be prevented by the recommended plan of 
improvement. 

(b) Two revetted ear th  levees would be required jus t  upstream 
from tFe Arizona canal t o  co l lec t  and d i r e c t  the floodwaters toward 
the channel. A concrete box culvert  would siphon canal flows under 
the channel. The concrete l ined channel would be about 7 miles long 
and would be excavated en t i re ly  below the  natural ground. The 
channel section would have a bottom width of 14 f e e t  and s ide  slopes 
of 1 ver t ica l  on 2.25 horizontal. The depth of channel would vary 
from 23.5 f e e t  t o  26.5 feet .  

(g) A t  the  downstream end, an ou t l e t  t ransi t ion consisting of 
a leveed channel section would be provided t o  d i rec t  the flows i n t o  
the cleared channel and the low flow channel of the Sa l t  River 
authorized by the Flood Control Act of 1960 (see H. Doc. 279, 86th 
Cong., 2d sess., which contains the interim survey report ,  flood 
control, Gila and Sa l t  Rivers, Gil lespie  Dam t o  McDowell Dam Si te ,  
Ariz.). The levees would be revetted on the channel side. The 
bottom of the out le t  t rans i t ion  would be paved with stone. 

(cl) Construction of the channel would require construction of 
bridges a t  Camelback Road, Indian School Road, Thomas Road, McDowell 
Road, and Van Buren Street: and the relocation of 2 c i t y  of Phoenix 
water supply mains and also other u t i l i t i e s .  
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3. Pro'ect  costs.--Estimated costs  for  the  recommended project ,  + based on November 19  1 prices ,  a r e  as  follows: 

Item : Estimated 
costs  

z 

Federal (construction of channel). ..................... : $7,250,000 
Non-Federal (rights-of-way and relocations). ........... : 1,770,000 

Total.. ...................................... : 9,020,000 

The average annual cost  ( a l l  non-Federal) fo r  operation and mainte- 
nance is  estimated a t  $22,000. Preauthorization costs  of $60,000 
already expended a re  not included i n  the  above estimates. 

4. -. Benefit-cost ratio.--Average annual costs  and benef i ts  and 
benefit-cost r a t i o s  f o r  the  recommended project ,  developed on the 
basis  of an economic l i f e  of 100 years as  well as  an economic l i f e  
of 50 years, a r e  given i n  the following table. An i n t e r e s t  r a t e  of 
2-518 percent was applied. November 1961 pr ices  were used. 

Item : Life  of project  
: 100 years: 50 years 

Average annual costs: 
In te res t  and amortization (Federal). ....... : $205,700 : $262,000 
In te res t  and amortization (non-Federal). ... : 64,750 : 78,250 
Maintenance and operation (non-Federal). ... : 22,000 : 22,000 

Total.. ................................. : 292,250 : 362,250 
(Say). .................................. : 292,000 : 362,000 

Average annual benefits: 
Prevention of flood damages................: 530,000 : 490,000 

: 
Ratio of benef i ts  to  costs.. ................. : 1.8 t o  1 : 1.4 t o  1 

5. Intangible pro.ject effects.--Many benefits  not susceptible 
of monetary evaluation would accrue t o  the  flood-control channel 
provided by the recommended plan. Such benef i ts  would include reduc- 
t i on  of hazards t o  l i f e ;  prevention of interrupt ions  t o  business, 
homelife, and other normal community ac t iv i t i es3  preservation of 
community morale by reducing fear  of floods; and reduction of the  
menace from epidemics caused by flood damage t o  sewer and water 
systems, These benef i ts  were not evaluated i n  monetary terms. 



6. Current and future  needs.--The recommended project  is 
feasible  from an engineering standpoint and would provide substan- 
t i a l  protection t o  res ident ia l ,  commercial, public, u t i l i t y ,  s t r e e t  
and highway, and i r r i ga t ion  properties i n  and adjacent t o  Scotts- 
dale, A r i z .  The plan of improvement should meet all the foreseeable 
jus t i f iab le  needs of Indian Bend Wash f o r  flood control. 

7. Allocation of costs.--The recommended plan would provide 
for  a single-purpose flood-control improvement, and no allocation 
of costs  between purposes would be involved. 

8. Local cooperation.--The terms of loca l  cooperation f o r  
the recommended project  would provide tha t ,  p r ior  t o  construction, 
local  i n t e r e s t s  furnish assurances sa t i s fac tory  t o  the  Secretary of 
the  Arw t h a t  they w i l l  (a) acquire and provide, without cost  t o  
the United States ,  a l l  lands, easements, and rights-of-way necessary 
f o r  the construction and subsequent maintenance and operation of t he  
project;  (b) perform, without cost  to  the United States,  a l l  neces- 
sary r e l o c ~ t i o n s  of highways, roads, bridges, i r r i ga t ion  f a c i l i t i e s ,  
and u t i l i t i e s  required i n  connection with construction of the flood- 
control works; (;) hold and save the United States  f r ee  from any 
damages due t o  the  construction works; (cl) maintain and operate a l l  
the works, a f t e r  comple-tion, i n  accordance rdth regulations t o  be 
prescribed by the Secretary of the Army; and (e) establ ish and 
enforce flood-channel l imi t s  and regulations, sa t i s fac tory  t o  the 
Secretary of the Army, for  the preservation of the flood-carrying 
capacity of the channel improvement. These terms a r e  i n  accordance 
with provisions of flood-control law for  local-protection projects. 

9. Extent of i n t e r e s t  i n  pr0,ject.--local i n t e r e s t s  desire  
protection along Indian Bend Wash t o  prevent flood losses  and 
eliminate interruptions t o  highway, i r r iga t ion ,  and u t i l i t y  services. 
They offer  t o  cooperate. 

10. Other plans considered.--(Z?) Preliminary consideration 
was given t o  channelization of Indian Bend Wash north of the  
Arizona canal t o  Bell  Road. Such an improvement could not be 
economically justif ied.  

(b) Consideration was given t o  the construction of detention 
basins, but  such plans were found t o  be infeasible.  

(c) Consideration was also given t o  a plan involving the 
diversion of floodflows above the Arizona canal from Indian Bend 
Wash southeasterly t o  t he  S a l t  River. The improvement would con- 
sist of an e a r t h f i l l  levee about 11 miles long and about 16 f e e t  
high above the natural ground surface. The levee would cross the 
Arizona canal about 1,600 f e e t  upstream or  easter ly  of the  Ever- 
green Wasteway. Standard project  flows, ranging from 55,000 cubic 
f e e t  per second a t  the upstream end t o  72,000 cubic f e e t  per second 
a t  the  lower end of the  levee, would be intercepted and diverted 

I t o  the  S a l t  River. In order to  accommodate -these flows behind the 
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levee, a floodway width varying from 2,200 f e e t  t o  2,400 f e e t  would 
be required. Preliminary considerations indicated tha t  t h i s  plan 
might be superior t o  the recommended plan. Preliminary estimates 
indicated t h a t  the cost  of t h i s  a l ternat ive plan would be $4,600,000 
(November 1961 pr ices) ,  of which $2,400,000 would be fo r  construction, 
$1,500,000 fo r  rights-of-way, and $700,000 fo r  relocations of u t i l -  
i t i e s ,  highways, and i r r iga t ion  f a c i l i t i e s .  Average annual benefits  
were estimated a t  $630,000, of which $495,000 would accrue along 
Indian Bend Wash and $135,000 on the Evergreen area t o  the e a s t  of 
Indian Bend Wash. Average annual charges were estimated a t  $1&,000 
and the benefit-cost r a t i o  was computed a t  3.4 t o  1. However, a 
large portion of the length of the diversion levee would have been 

a 
located on lands within the Sa l t  Xiver Pima-Maricopa Indian Reserva- 
t ion ,  jus t  uphi l l  from the Arizona canal. When the al ternat ive plan 
was presented t o  loca l  in te res t s ,  strong objections were raised by 
the Sa l t  River Pima-lfaricopa Indian Tribe and by the Bureau of Indian 
Affairs, a s  follows: 

(1) The levee proposed under the al ternat ive plan would 
d issec t  an area proposed by the Pima-Phricopa Tribe fo r  future develop- 
ment. (A  master plan has since been developed fo r  the area,  embracing 
res ident ia l  and commercial developments. ) The Pima-i4aricopa Community 
Council believes tha t  the diversion levee and the required easements 
f o r  i ts  floodway (about 112 mile wide) would impair the reservation 
lands so tha t  the development plan would not be workable. 

(2) The Pima-Maricopa Conununity Council s ta ted t h a t  the 
adverse e f f ec t  on the i r  land would be considerably greater than the 
beneficial  e f f ec t  they would enjoy from flood control i f  the diversion 
levee were bui l t .  They pointed out t h a t  Indian Bend Wash flows origi-  
nate on lands outside the Indian Reservation and they object t o  
sacr i f ic ing the i r  lands t o  provide protection pritnarily t o  non-Indian 
lands. They indicated t h a t  a plan of improvement providing protection 
t o  the i r  land should be located upstream from the i r  lands. 

(3) The Community Council did not  agree t o  the estimated 
costs f o r  rights-of-way. They pointed out t h a t  the estimated average 
value per acre fo r  the  rights-of-way amounted t o  $'~oo, whereas they 
believed tha t  average values substantially higher than tha t  ainount 
should be applied. They contended tha t  as the i r  developraent plan 
c~a te r i a l i ze s  (and they f e l t  ra ther  strongly tha t  the plan would be 
realized) the Indian lands would achieve a value equal t o  t h a t  of 
desirable land i n  the Scottsdale area,  worth about $3s500 per acre, a 

(4) Land tenure arrangements i n  the reservation would compli- 
cate  the si tuation. The lands through which the levee and floodway 
would pass a re  a l lo t t ed  lands. I f  the diversion levee were t o  be b u i l t ,  
reallocation of remaining reservation land would have t o  be made so that.  
individual affected members of the t r i b e  would receive other land a l l o t -  
ments of equal value. The ramifications of t h i s  problem a r e  very great 
since most of the desirable land i n  the reservation has been a l lo t t ed  



and most of the remaining land i s  mountainous. Because of the 
strong objections raised by the Sa l t  River Pima-~Yaricopa Indian 
Tribe and by the Bureau of Indian Affairs, no fur ther  considera- 
t ion was given t o  the diversion levee plan, it w a s  recognized 
t h a t  the diversion plan would not be consonant with the proposed 
developments being planned by the Community Council. ILn adequate 
estimate of the jus t i f ica t ion  of the diversion plan would be 
dependent t o  a large degree upon the actual  costs  of rights-of-way. 
Recognizing the objections of the Indian t r ibe ,  it was realized 
tha t  ac tua l  costs fo r  rights-of-way would have t o  be determined by 
a Federal court and it i s  impossible t o  foreoast an equity deter- 
mination involving Indian land. If the court were t o  decide the 
rights-of-way costs were i n  l i n e  with the values estimated by the 
Indian t r ibe ,  the diversion plan would not be a s  favorable, 
economically, as the recoinmended plan. The problem of acquiring 
necessary easements or rights-of-way without the cooperation of 
the Indian t r ibe  would become impracticable. Since the recommended 
plan provides economically feasible  protection t o  the area along 
the Indian Bend Wash, fur ther  detailed studies were r e s t r i c t ed  t o  
tna t  plan. 
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