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SYLrnUS 

This interim report, submitted pursuant t o  act  of Congress, 
Fublic Law 761, 75th Congress, approved June 28, 1938, considers 
the  flood problems i n  the Phoenix, Ariz., metropolitan area. 

The d i s t r i c t  engineer f inds  t h a t  a serious flood problem 
ex i s t s  along Dreamy Draw, Cave Creek, and Skunk Creek, and along 
the New and the Agua F r i a  Rivers where intensively developed urban 
and agr icul tural  areas within and adjacent t o  the c i t y  of Phoenix 
are subject  t o  damage. The flood channels of Dreamy Draw and Cave 
Creek disappear a t  the Arizona Canal and not even a t race of a 
stream i s  evident downstream. The area downstream from the canal 
is now intensively developed with urban-type property - predomi- 
nantly res ident ia l ,  commercial, and indus t r i a l  improvements. 
Floods d o n g  Skunk Creek md  along the New and the Agua F r i a  Rivers 
cause damage mostly t o  agricultural-type property, except i n  the 
communities of Peoria and Avondale. Because of the continued rapid 
growth i n  the overflow area, damages under future  conditions w i l l  
be considerably greater  than under present conditions. 

After consideration of the plans proposed by l o c a l  in te res t s ,  
the  d i s t r i c t  engineer - i n  cooperation with the Flood Control 
D i s t r i c t  of Maricopa County - developed a comprehensive flood- 
control  plan f o r  the Phoenix metropolitan area t o  serve as a frame- 
work f o r  all flood-control work i n  the  area. A report  covering 
phase A of t h a t  plan - comprising a flood channel along Indian 
Bend Wash from the Arizona Canal t o  the S a l t  River - was completed 
Apri l  15, 1962. The d i s t r i c t  engineer now finds t h a t  economically 
feasible  protection can be provided by the construction of phase B 
of the comprehensive plan, comprising (1) the Cave Creek, the 
Skunk Creek, the  New River, and the Dreamy Draw Dams; (2) the  Union 
Hi l l s  and the Arizona Canal diversion channels; and ( 3 )  the Cave 
Creek, the Dreamy Draw, the Skunk Creek, the New River, and the 
Agua F r i a  River channel improvements. He f inds  t ha t  the proposed 
plan of improvement would prevent about 89 percent of the  po ten t ia l  
damage 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  $59,680,000 (0ctob.er 1963 prices) f o r  construction and 
the t o t a l  non-~ederal  f i r s t  cost a t  $l'L,120,000 (octohr 1963 pr ices)  . 
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He estimates the t o t a l  average annual charges a t  $~ ,~ ] Io ,ooo ,  i ndud-  • 
ing an average charge of $228,000 annually for maintenance and opera- 
t i on  of the  iinproveinents. He estilnates the average annual beaei'its 
t h a t  vrould accrue from the prevention of flood damages and froin the 
increased u t i l i z a t i o n  of land a t  $8,210,000. He estimates t ha t  the 
r a t i o  of average annual benef i ts  t o  average annual charges would be 
3.0 t o  1 on the basis of tangible benefits  alone. Intangible bene- @ 
f i t s  would add weight t o  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  for  the  control  of floods along Cave and Slcunlr Creeks 
and along the New and the Agua Firia Rivers within the metropolitan 
area of Phoenix, Ariz., as  previously described, subject  t o  the  
condition tha t  l oca l  i n t e r e s t s  supply assurances sa.tisfac-tory t o  tile 
Secretary of the Army t h a t  they w i l l  provide - without cost t o  the 
Urited States  - a l l  lands, easements, and rights-of-tray necessary 
for  the construction and subsequent maintenance and operation of 
the project  a t  a cost estimated a t  $7,320,000; perform - without 
cost t o  the United States  - a l l  necessary construction or  relocation 0 
of highways, roads, bridges, u t i l i t i e s ,  and a l l  necessary s t r e e t  
modifications requi-fed i n  connection with the project ,  a t  a cost 
estimated a t  $3,800,000; hold and save the United States  f ree  from 
damages due t o  the construction worlrs; maintain and operate a l l  the 
worlrs, 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  $228,000; prevent any encroachment upon the improved 
channels or  within the detention-basin areas t h a t  trould reduce 
t h e i r  flood-conveying or storage capacit ies;  and hold and save the 
United States  free from a l l  damages a r i s ing  from water-rights claims 
resul t ing from construction, maintenance, and operation of the 
project  . * 

The d i s t r i c t  engineer fur ther  recommends t h a t  the  recommended 
detention basins be modified t o  provide fish-and-wildlife and 
recreat ional  f a c i l i t i e s  upon the finding of economic jus t i f ica t ion  
by the Corps of Zngineers i n  cooperation with appropriate S ta te  
and Federal agencies. 
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U.S. ARMY ENGINEER DISTRICT, LOS ANGELES, 
CORPS OF ENGINEERS, 

OFFICE OF THE DISTRICT ENGINEER, 
Los Angeles, Cal i f . ,  January 15 ,  1964. 

Subject: Interim report  on survey f o r  flood control, Phoenix, Ariz., 
and v i c in i ty  (including New River), Gila River basin, Ariz. 

Throupa: The Division Engineer, U.S. Army Engineer Division, 
South Pacif ic ,  San Francisco, Cal i f .  

To: Tlie Chief of Engineers, Department of the Army, Washington, D.C.  

AUTHORIl'Y 

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  p a r t  as  follows: 

SEC. 6. The Secretary of War i s  hereby authorized and 
directed t o  cause preliminary examinations and surveys f o r  
flood control including floods aggravated by o r  due t o  
t i d a l  e f f ec t  a t  the  following-nmed l o c a l i t i e s ,  * * *: 
* Y. * * * -x Y 

Gila River and t r i bu ta r i e s ,  Arizona and New Mexico. 

* * * * * * .x 

2. The survey f o r  the Gila River basin i s  being coverea by 
means of interim reports,  revierr reports,  and a f i n a l  comprehensive 
report .  Seven interim reports have been submitted to  Congress, a s  
follows: ( a )  Tucson, Ariz . , and vicini ty ,  da:ted November 20, 1945; 
(b) Queen creek, Ariz.,  dated February 2, 1946; ( 2 )  Gila River and 
t r i bu ta r i e s  below Gillespie Dam, Ariz.,  dated September 1, 1948; 
(d) lower Agua Fr ia  River and v ic in i ty ,  .9rizona, dated December 10, 
1952; ( e )  Gila and S a l t  Rivers,  Gillespie Dam t o  McDowell damsite, 
Arizona; dated December 4, 1957; (2) Gila River with par t icu la r  
reference t o  a dam a t  or  near the  Camelsback s i t e ,  Arizona, dated 
May 1, 1960; and ( g )  Pinal  Creek and t r ibu ta r ies ,  Arizona, dated 
September 15, 1961. Three review reports have also been submiktea 
t o  Congress, a s  follows: (a) Gila River, Camelsback Reservoir s i t e  
t o  Sa l t  River, A r i z . ,  dated December 31, 1957; (b)  Tucson, Ariz. ,  
and v ic in i ty ,  dated January 26, 1959; and ( c )  ~ i i a  River and 
t r i bu ta r i e s  dawnstream from Fainted Rock ~ e g e r v o i r ,  Ariz., 
dated April 1, 1961. 
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3. Two interim reports have been completed by the U.S. Army 
Engineer Dis t r ic t ,  Los Angeles, and are being processed f o r  submis- 
sion t o  Congress, as follows: ( )  Indian Bend I;Jash, Ariz . ,  dated 
April 15, 1962, and (b) Santa Rosa Wash, Ariz., dated August 1, 
1962. Work on an in ter im report  f o r  Willcox, Ariz., and v i c in i ty  is 
under way. 

4. This interim report  considers the Phoenix metropolitan 
area. The f i n a l  comprehensive report  fo r  the en t i r e  Gila River 
basin w i l l  include summaries of findings and conclusions i n  a l l  
interim and review reports, consideration of problems 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  pa r t s  of the Gila River 
basin.  

SCOPE 

5. Geographical sc0lj.e.--The Flood Control Act of June 28, 
1938, authorized an investigation f o r  flood control  i n  the e n t i r e  
drainage area of the Gila River znd tri.bu-Laries, Arizona and New 
Mexico. On the basis of the  authorization i n  t n a t  act, the Chief 
of Engineers, on November 20, 1.958, authorized an interim invest i -  
gation l imited t o  the New River, Ariz., and then on October 16, 
1959, authorized an interim investigation of Phoenix, Ariz., and q 
v ic in i ty  - combiuing it with the interim investigation on the 
New River. 

6. Investigations descr'-bed i n  t h i s  interim report  were made 
t o  (.) develop a comprehensive plan t h a t  w i l l  serve as a framework 
f o r  a l l  flood-control work i n  the Phcen5.x metropolitan area and 
(b_) develop i n  d e t a i l  t h a t  p a r t  of the comprehensive plan under 
which protection would be provided f o r  areas along Cave Creek, 
Dreamy Draw, unnamed washes i n  Deer Valley, Skunk Creek, the New 
River, and the Agua F r i a  River - a l l  of which have urgent flood 
problems. The plan of im.provement recommended i n  the interim 
report  fo r  Indian Bend >rash, Ariz., would be a p a r t  of the compre- 
hensive plan. A f i e l d  inspection of the Phoenix area was made by 
the d i s t r i c t  engineer. 

7. Functional scope.--Primary consideration was given t o  the 
need f o r  f lood control  and the solution of flood problems. Water- 
conservation features could not be developed because of the inade- 
quacy of flow i n  the area. The development of hydroelectric power 

8, 
was not considered because the runoff from the r e l a t i ve ly  dry 
drainage areas considered i n  t h i s  report, combined with the high 
evaporation rate,  would produce power of a negligible amount and 
of a highly intermit tent  nature 

8. Recreat,ion and fish-and-wil-dlife aspects were considered 
i n  the s tudies  f o r  t.hi.s p ~ o j e c t .  

R. 4/7/64. 2 
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PRIOR REPORTS 

9, Interim and review reports submitted o r  under preparation 
as  portions of a f i n a l  comprehensive report  of the  en t i r e  Gila River 
basin a re  l i s t e d  under a preceding heading, "Authority." O f  these 
reports, the  report  on Indian Bend Wash, Ariz., now nearing comple- 
t ion,  and the  report on G i l a  and Sa l t  Rivers, Gillespie Dam t o  
McDowell damsite, Arizona, dated December 4, 1957 (see H. Doc. 279, 
86th Cong., 1st aess. ), cover the  Phoenix metropolitan area. Per t i -  
nent information on each of these reports i s  given i n  t h e  following 
subparagraphs. 

(_a) Indian Bend Wash, Ariz .--The report  on Indian Bend Wash, 
Ariz., recommends 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 ee t  per second. 

(5) Gila and Sa l t  Rivers, Gillespie Dam t o  McDowell damsite, 
Arizona.--The improvements recommended i n  the report  on G i l a  and S d t  
Rivers, Gillespie Dam t o  McDowell damsite, Arizona, were authorized 
by the Flood Control Act of July 14, 1960. The project includes. 
(1) levees d o n g  the  Sa l t  River i n  t h e  v ic in i ty  of Phoenix and Tempe, 
A z .  (2) cleared floodway along the  Sa l t  and Gila Rivers between 
Granite Reef Dam and Gillespie Dam; end. (3) low-flow channels along 
par ts  of the cleared floodway. 

(c) Recent studies by the  Bureau of Reclamation, i n  cooperation 
with the Corps of Engineers, indicate the economic jus t i f ica t ion  of 
a multiple-purpose reservoir a t  the  Maxwell s i t e  (formerly call-ed 
~cDowell)  on the  Sa l t  River, jus t  below the mouth of the  Verde Rilrer. 
With construction of t h i s  reservoir, levees along Li:c C?dt Rii . e r ,  a s  
authorized by the 1960 Flood Control Act, a re  no longer required. 

(a) The improvement of the Gila River, from the  mouth of the 
Sa l t  River t o  Gillespie Dam, would a s s i s t  i n  carrying flows corlveyed 
by the plan of improvement recommended i n  t h i s  report  through the  
agricul tural  area along the  G i l a  River. 

10. One of the  streams under investigation i n  this interim 
report  i s  the  Agua F r i a  River, which is i n  the v ic in i ty  of Phoenix. 
Floodflows on Trilby Wash are  controlled by McMicken Dam, and resu l t -  
ant ou t l e t  discharges are  conveyed t o  the  Agua F r i a  River - as  recom- 

0 mended i n  t h e  interim report on the  lower Agua Fr ia  River and vicinity,  
Arizona, dated December 1 0  1952 (see Committee Pr in t  dated March 30, 
1953, 83d Cong . , 1st sess .) . Trilby Wash flows have only a minor 
effect  on flows considered i n  t h i s  interim report. 

DESCRIrnION 

11. Location and extent.--The Gila River basin, the  la rges t  
drainage area t r ibu tary  t o  t h e  lower Colorado River, includes ";he 
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southern half of Arizona and a part  of southwestern New Mexico. The 
drainage area of the basin comprises about 58,200 square miles - 
comprising 5,600 i n  New Mexico, 51,500 i n  Arizona, and 1,100 i n  
Sonora, Mexico. 

12. The Sa l t  River basin, with a drainage area of 16,040 square 
miles, and the Agua F r i a  River basin, with a drainage area cf 2,340 
square miles, contribute t o  the flood problem i n  the Phoenix ~ e t r o -  
poli tan area. The comprehensive plan of improvement would provide 
fo r  the  control of the Sa l t  River, the Agua Fr ia  River, and thel.r 
major t r i bu ta r i e s  i n  the Phoenix metropolitan area (a1 area of more 

a 
than 500 square miles inc luding- in  addition t o  the c i ty  of Phoenix .- 
the  c i t i e s  and communities of Mesa, Tempe, Scottsdale, Glendale, 
Peoria, Avondale, and T o ~ e s o n )  . 

13. That part  of the  drainage area considered i n  t h i s  interim 
report comprises the following m a s  involved i n  urgent flood prob- 
lems i n  metropolitan Phoenix: The drainage area of Cave Creek 
(270 square miles); the drainage area of the  Agua Fr ia  River aad it,s e 
Sributaries,  the  New River and Slrunk Creek (2,340 square miles); m.d 
?;he drainage areas of several  small unnamed t r ibu tar ies  dra in i  
into the Sa l t  River from the north a t  Phoenix (120 square miles 7 . 
Those drainage areas, which are  i n  Maricopa and Ya.ydpai Counties i n  
south-central Arizona, have a north-south length of about 80 t o  90 
miles and an east-west width of about 20 t o  25 miles. (see index a 
map, 1 1, at the end of the main report .  ) 

14 .  Streams .--Pertinent information on the streams considered 
i n  d e t a i l  i n  t h i s  interim report is given i n  the following subpara- 
graphs. 

(2) Anua Fr ia  3Lver.--The Agua F r i s  River, the 1arges.t 
stream studied i n  t x m p o r t ,  w i l l  serve as an out le t  fo r  dl vater  
proposed t o  be diverted from the Phoenix metropolitan area. This 
report  is only concerned with t h a t  part  of the Agua F r i a  River below 
"-he mouth of the New River, a distance of about 10 miles. 

(2) The Agua Fr ia  River r i s e s  about 7,000 f e e t  above sea l eve l  
i n  the  mountains of central  Arizona and flows southward for  about 
130 miles before emptying in to  the G i l a  River about 4 miles down- 
stream from the mouth of the S d t  River, a t  elevation 910 f ee t .  The 
course of the stream is about equidistant between two pa ra l l e l  mmn- 
t a i n  ranges tha t  form the  eastern and western boundaries of the 
&.rainage area. Tributaries,  except fo r  the  New River, are generaJ.L;y 

a*  
s h ~ t  . 

($1 New River.--The New River, the  major t r ibu tary  of the  Agua 
F r i a  River, r i s e s  i n  the  New River Mountains about 40 miles north 
of Phoenix and flows generally southward f o r  about 40 miles t o  i 4 ~ s  e 
co!lflu.ence with the Agua F r i a  River, about 15 miles west of Phoenix. 
:ts drainage n ree  ! s  350 sa:zarc nj.1 e s  .. 
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(d) Skunlr Creek.--Skunk Creek, the inajor t r ibu ta ry  of the 
New River, r i s e s  i n  the New River Mountains about 35 miles north 
of Phoenix and flows generally south~iestward f o r  about 30 miles t o  
i t s  confluence with the New River about 15 miles northwest of 
Phoenix. The drainage area i s  140 square miles. 

( 5 )  c ave Creek.--Cave Creek r i s e s  i n  the New River Mountains 
and flows generally southward f o r  about 46 miles, passing through 
the center of Phoenix before entering the S a l t  River. The drainage 
area i s  270 square miles. 

(f) Dreamy Draw.--Dreamy Draw, a t r ibu ta ry  of Cave Creek, 
r i s e s  i n  the Phoenix Mountains and flows generally southeastward 
f o r  about 5 miles to i t s  confluence with Cave Creek i n  Phoenix. 
The drainage area i s  5 square miles. 

( )  Other streams.--Several small, unnamed washes between 
the Agua F r i a  River and Cave Creek r i s e  on the broad a l luv ia l  cone 
between those two streams, not more than 10  miles north of the 
Sa l t  River, and flow generally southward through an area west of 
Phoenix t o  the S a l t  River. 

15.  The Sa l t  River, a major t r ibu ta ry  of the  Gila River, 
flows through Phoenix. Although detai led consideration i n  t h i s  
report  i s  not given t o  t he  S a l t  River, it now serves a s  the main 
ou t l e t  channel f o r  Cave Creek and other r e l a t i ve ly  minor washes 
described i n  the  preceding paragraph. 

16. Stream character is t ics . - - In  general, stream slopes are  
s t e m  i n  the mountains, resul t ing i n  high-velocity flows tha t  cut 
deep, well-defined channels. on-the moderate slopes of the valley 
plains ,  the  material  c~xt 'from the mountains has been redeposited 
i n  a l l uv ia l  cones with poorly defined channels adequate f o r  only 
small flows. I n  addition, where urban development has taken place, 
the stream channels have been almost en t i r e ly  eliminated by s t r e e t  
and subdivision grading. Surface flow i n  all streams considered i n  
t h i s  report  i s  intermit tent  and u.sually occurs only a f t e r  heavy 
precipi ta t ion.  

17. The natural  channels of Cave Creek, Dreamy Draw, and of 
the washes west of Cave Creek have been obl i te ra ted  by development 
i n  the reaches Jus t  downstream from the i r r i ga t ion  canals. Skunk 
Creek, the  New River, and the ASa Fr i a  River s t i l l  re ta in  t he i r  
natural  channels, each of which has a nondamaging capacity of about. 
1,000 cubic f e e t  per  second. During times of po ten t ia l f looding ,  
the  i r r i ga t ion  canals are  operated so t h a t  they may intercept  flood.- 
flows. The Arizona ~ a n d  can intercept  floodflows ranging from 600 
t o  1,500 cubic f e e t  per  second and the Grand Canal can intercept  
floodflows of about 600 cubic f ee t  p e r  second. When runoff exceeds 
t h a t  amount, flows are  discharged over spillways o r  breaks occur i n  
the  south banks of the canal, flooding the area downstream. 



18,  Topography.--Elevations i n  the drainage areas considered 
i n  d e t a i l  i n  t h i s  report  range from about 1,000 f ee t  at the  S d t  
River t o  about 7,000 f e e t  i n  the  headvrs;ters of the Agua Fr ia  Rive:. 
The mountains north of Fnoenix r i s e  t o  an elevation oZ abou-L 5,000 
f e e t .  The val ley region i s  chaacterized ?~y short rugged mountains 
and broad intermountain allv-vial plains.  

19. Geology and soils.--The rocks in  the mountains of the head- 
waters of the streams are  schist,^, granites,  and volcanics. The 
volcanics consist of basal ts ,  t u f f s ,  and. agglomerates. Some of the 
outlying ridges and h i l l s  are composed of greenstone. 

20. A large par t  of the area i s  covered by a l luv ia l  deposits 
of a great. but undetermined thicltness. Deep holes d r i l l e d  a t  -rarious 
places i n  the lower valleys have penetrated up t o  1,000 f e e t  o r  more 
of valley f i l l  below the  surface of the a l luv ia l  plain. Rocks of a 
character similar t o  those of the adjoining mountain ranges probably 
underlie the a l luv ia l  deposits. 

21. The deep dissection of the valleys i n  the mountains and 
the great  extent of the a l luv ia l  aprons suggest t h a t  the area under 
consideration has had a long, s table  history.  Although considerab1.e 
evidence of ancient folding and faul t ing i s  seen i n  the outcrops of 
the older rocks, no recent seismic ac t iv i ty  i n  the area under con- 
sideration i s  recorded. 

22. The a l luv ia l  materials i n  the streambeds are mostly sand 
and gravel t h a t  contain cobbles and some boulders near the mountains. 
The a l luv ia l  materials i n  the valleys are  mostly sand and s i l t y  sand 
t h a t  contain varying amounts of caliche. 

23. Be ta t ion . - -Na tu ra l  vegetation i n  the area i s  sparse. 
Cactus, creosote bush, sagebrush, and paloverde are  the dominant 
deser t  plants .  I r r iga t ion  canals and wells t h a t  serve much of the  
plain area have permitted development of productive farmland and 
I-stndscaped res ident ia l  t r a c t s .  

ECONOMIC DEVELOPMEhT 

24. Population.--The principal population centers affected by 
improvements considered i n  d e t a i l  i n  t h i s  report are  the  c i ty  of 
Phoenix, the town of Peoria on the  New River, end the  to$m of 
.'wondale on the Agua F r i a  River. The population i n  the  general area 
i s  increasing a t  a tremendous r a t e .  Population estimates fo r  the 
c i ty  of Phoenix and fo r  Maricopa County fo r  the years 1940, 1950, 1960, 
and 1963 are given i n  the  following table .  Shown also is the growth 
of the incorporated area of the  c i ty  of Phoenix. 



: Incorporated : Population 
Year : area - c i t y  : 

: of Phoenix. : . City of Phoenix : Maricopa County - 
: Square miles : 

1940)C.. ........... : 9.6 : 65,400 : 186,200 
1950)~........... ..: 17.1 : 106,800 : 333.) 770 
1960)~. ............ : 187.4 : 439,200 : 663,500 
1 9 6 ~ ~ .  ........... : 222.6 : 503,600 : 847,500 
- 

+ U.S. Census estimates. 
*+ Estimate f o r  March 1963 made by Planning and Zoning Department, 

Maricopa Count,y. 

25. The preceding tab le  shows t h a t  the population of the c i t y  
of Phoenix increased by about 310 percent from 1950 to 1960 and by 
nearly 1 5  percent during the  3-year period from 1960 t o  1963. The 
growth of Maricopa County i s  equally impressive. The Valley National 
Bank, which maintains a highly regarded s t a t i s t i c a l  department, e s t i -  
mates t h a t  the population of Maricopa County w i l l  be 2,000,000 by 
1980. The growth of the  incorporate6 area of the c i t y  of Phoenix 
should be noted - t h i s  growtin from 1950 t o  1963, a 13-year period, 
amounted t o  1,200 percent. This grow'ih, which resulted i n  t,he con- 
version of agr icul tural  and deser t  properties t o  urbm uses, is one 
of the  principal reasons fo r  the aggravation of the  flood problem i n  
the  Phoenix area.  o or additional. informflation on population and 
growth, see appendix 4.) 

26. Occupations and industr ies  .--The percen'cage d is t r ibu t ion  of 
the  labor  force i n  Maricopa County for  1958 and 1980, as  estimated by 
Western Business Consultants, Inc., is given i n  the following table:  

Estimated. percen= 
d is t r ibu t ion  of 

labor  force 

Occupation @ 1980 
............................... Agriculture.. 12 5 

Contract construction and mining ............ 8 8 
Manufacturing ............................... 13 24 
Transportation, cornmication, 

and public utilikies...................... 6 5 
Wh01es.de trade............................. 5 6 
Reta i l  trade................................ 19 18 
Finance, insurance, and r e a l  es ta te . .  .,..... 5 5 
Service...............................,..... 16 16 
Government (c iv i l ian  and militaxy).  ......... - 16 - 1 3  

Total.................................. 100 100 

0 7 



27. Continued industr ia l izat ion i s  shown by the decline i n  
agriculture and the largc increase i n  manufacturing. Several major 
plants  have located i n  the Phoenix area since World War 11, notably 
the General E lec t r ic  Computer plant,  the  Reynolds ALuminum extru- 
sion plant,  the Motorola Electronics center and research laboratory, 
and the Sperry Rand Company. Tourism has always been important i n  
Phoenix and adjacent areas because of the favorable winter clima-te 8 
and the picturesque surroundings. Tourist accommodations are avail-  
able fo r  more than 35,000 people, and many excellent restaurants and 
nightclubs are available f o r  dining and entertainment needs. Agri- 
culture i n  the Phoenix area, which has been the dominant industry i n  
the past, is assuming a l e s s e r  ro le  i n  the economy of the area. 

0 
28. Land use and development.--The Reclamation Act of 1902 and 

the subsequent authorization and construction of the Sa l t  River proj-  
e c t  paved the way f o r  development i n  the Phoenix area. The Sa l t  River 
project  includes an area of about 240,000 acres, supplied with water 
from the Sa l t  and Verde Rivers and from about 270 wells t ha t  t ap  the 
underground basin. The two r ivers  are controlled by s i x  storage dams 
(Roosevelt, Horse Mesa, Morman Flat ,  and Stewart Kountain D a m  on the 
Sa l t  River and Horseshoe and Bar t l e t t  D a m  on the Verde River).  The 
t o t a l  capacity of the s i x  reservoirs i s  about 2,100,000 acre-feet; 
Roosevelt Reservoir i s  the l a rges t  with a capacity of about 1,380,000 
acre-feet. The Granite Reef diversion darn, located about 3 miles 
below the junction of the Sa l t  and Verde Rivers, serves lands on both 
s ides  of the S a l t  River by diversion t o  -the Arizona Canal on the north 
s ide and the South Canal on the south side. Other subsidiary canals 
d iver t  from these two main canals. The Arizona Canal, which is the 
high l i n e  canal on the north side, i s  inl-olved i n  t h i s  report .  It is  
about 38 miles long and has a diversion capaci.ty of 2,000 cubic f e e t  
per  second. In  the v i c in i ty  of Cave Crzek, the Arizona Canal has a 
capacity of 600 cubic f ee t  per  second. 

29. The amount of project  land under cul t ivat ion i n  the S a l t  
River project  reached a high of 227,OCO acres i n  1940. After Work 
W a r  11, however, agriculture began t o  decline with the tremendous s h i f t  
t o  urbanization and industr ia l izat ion.  The area under cul t ivat ion i n  I, 
the S a l t  River project  i n  1962 amounted t o  only 146,300 acres, a 
decline of 35 percent from the 1940 acreage. Estimates prepared i n  
1958 indicated t h a t  the Phoenix urban land area was about 52 percent 
developed, 29 percent vacant, and 19 percent agr icul tural .  The area 
along the Nerr River remains predominantly agr icul tural ;  however, i t s  
nearness t o  Phoenix makes it r ipe for  urban development i n  the near 
future  and i t s  present value re f lec t s  i t s  prospective use f o r  residen- 

a*. 
tial and commercial purposes. 

30. '(later and power.--Water i s  supplied t o  the Phoenix urban 
area by four municipal systems (Phoenix, Glendale, Tempe, and ~ e s a ) ,  
by the Sa l t  River project ,  and by several  pr ivate  franchise companies. 
The municipal systems serve the areas of urban concentration, and the 
S a l t  River project  and pr ivate  companies serve scat tered outlying 
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developments. I r r iga t ion  water f o r  agriculture is obtained either 
from %he Sa l t  River project  canal system o r  by pumping from the 
underground wzter basin. E lec t r ic  power i s  supplied by the S a l t  
River project  and from the  'Arizona Public Service Company. 

1 .  Transportation f a c i l i t i e s .  --The Phoenix area i s  served by 
an adequate net  of local ,  State, and transcontinental  highways. 
Recent major s t r e e t  and highway improvements include an extensive 
freeway system i n  the immediate Phoenix area. That system has been 
integrated with the transcontinental  highways now passing through 
the area. Both the South Pacif ic  and the Santa Fe Railroads serve 
Phoenix. Four major a i r  f a c i l i t i e s ,  one municipal and three m i l i -  
tary,  are within 25 miles of Phoenix. A multimillion-dollar expan- 
sion program was recently completed on Sky Harbor Airport, the 
municipal f a c i l i t y  t h a t  provides complete l oca l  and transcontinental  
a i r  service. 

CLIMATOLOGY 

32. General.--Phoenix has an a r id  subtropical  climate with a 
f ros t - f ree  growing season of about 280 days. ?linters are mild 
with c lear  days and cool c ights .  Average wind ve loc i t ies  are low 
t o  moderate except t h a t  high gusty winds may accompany thunder- 
storms, usually occurring during July and August. U.S. Weather 
Bureau records fo r  Phoenix 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  s m e r .  
Winter storms bring some rain, however, usually i n  l i g h t  amounts. 
S m e r s  are hut, with da i ly  temperatures over 100 degrees being 
common. S m e r  thunderstorms of high in tens i ty  but  short  duration 
bring most of the annual r a i n f a l l .  &en these amounts are usually 
small; the greates t  average monthly r a i n f a l l  i s  1.06 inches, occur- 
r ing  i n  August. 

33. Precipi ta t ion records.--Precipitation records are avail-. 
able fo r  approximately 55 r a i n f a l l  s't;ations i n  md near the drain- 
age areas considered i n  t h i s  report. The longest record i n  the 
general area i s  f o r  the Phoenix Post Office, with 86 complete years 
of record during the period 1876 t o  1962, inclusive. Five record- 
ing gages are also i n  the area, the longest record (beginning i n  
1901) being also f o r  the Phoenix Post Office. The 90-year mean 
annual precipiLation 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, i n  the c i t y  of Phoenix, t o  11.71 inches per  
year a t  Ba r t l e t t  Darn, about 35 miles northeast of the center of 
Phoenix. The 90-year mean annual precipi ta t ion i s  about 7.4 inches 
i n  downtown Phoenix, about 9.7 inches a t  exis t ing Cave Creek Dam, 
and about 24 inches i n  the upper p a r t  of the drainage area, with an 
average of about 14.5 inches f o r  the general area. 
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34. -- Storms.--Three types of s toms  produce ra in  i n  the Phoenix 
area: general winter storms, general summer storms, and loca l  
summer thunderstonns. General winter storms are the r e su l t  of 
weather f ronts  passing through the area from the Pacific Ocean. 
Because these f ron ts  must f i r s t  pass over the coastal  mountains, 
much of t h e i r  moisture has been l o s t  by the time they reach the 
Phoenix area. They r e f l e c t  an orographic influence i n  t h e i r  passage 
and are of low in tens i ty  t h a t  m a y  l a s t  several  days. The general 
winter storms, which occur between November and April, frequently 
cover the en t i r e  Gila River basin. Flooding along the la rger  washes 
and r ivers  can r e su l t  from these storms but does not usually occur 
i n  the smaller drainage areas because of the low r a i n f a l l  in tensi ty .  

35. In l a t e  swrner o r  ea r ly  f a l l ,  t rop ica l  storms originating 
along the Mexican Pacific coast o r  the Gulf of Mexico can reach the 
Gila River basin, producing t'ne general summer storm with heavy pre- 
c ip i ta t ion  i n  large areas. They r e f l e c t  orographic influence and 
can cause flooding along small washes o r  large r ivers .  

36. The t h i r d  type, loca l  summer thunderstonns, i s  comnon i n  
the months of July through October but can occur a t  any time of year. 
They cover comparatively small areas and are of high in tens i ty  but 
shor t  duration, usually 3 hours o r  l e s s .  They produce many of the 
destructive f l a s h  floods,  well known i n  the southruest. 

RUNOFF AND STREPNFLOk7 DATA 

37. General. --No adequate runoff records are available f o r  the 
drainage areas studied i n  d e t a i l  i n  t h i s  report .  Two stream gages 
were in s t a l l ed  recently:  one i n  October 1957 on Cave Creek a t  
Phoenix about one-half mile upstream from the Arizona Canal and the 
other i n  December 1960 on the New River a t  the Black Canyon Highway. 
No consistent o r  usab1.e record i s  availa5le f o r  the exis t ing Cave 
Creek Dam. Records are available fo r  L,&e Pleasant Reservoir on the 
Agua F r i a  River f o r  34 years. However, because of elevation and 
other  drainage-area character is t ics ,  the Agua F r i a  drainage area 
above Lake Pleasant is not typ ica l  of the drainage areas of immedi- 
a te  concern i n  the investigations f o r  t h i s  report .  

38. Adequacy of streamflow f o r  multiple-purpose uses.--Lit t le 
streamflow occurs i n  any of the streams considered i n  t h i s  report, 
except during and immediately folloriing periods of heavy r a i n f a l l .  
The climatic and drainage area charac te r i s t ics  of t h i s  r e l a t i ve ly  
dry, low-average-rainfall drainage area with i t s  high evaporation 
r a t e  are not conducive t o  continuous runoff. 



FLOODS 

39. Floods of record.--Only incomplete and fragmentary data 
are available regarding pas t  floods along Cave Creek, along the 
New River and the Agua F r i a  River, and i n  the t r ibu ta ry  drainage 
areas. Data on pas t  floods i n  the Cave Creek drainage area and 
along the New River were submitted a t  the public hearing held i n  
1959. These data  came from newspaper f i l e s  and from the f i l e s  of 
the i r r i ga t ion  d i s t r i c t s  and water-user associations i n  the area. 
Data f o r  the Agua F r i a  River were compiled from U.S. Geological 
Survey Water Supply Papers and other records. The following sub- 
paragraphs summarize the flood h is tory  f o r  the three streams. 

(a)  Cave Creek.--Large floods are known t o  have occurred 
along Cave Creek i n  February 1905 and August 1921; small t o  
medium floods i n  September 1916, November 1919, January 1922, and 
August 1943; and minor floods i n  1935, 1349, 1951, 1952, and 1957. 
No re l iab le  estimate, however, i s  available of any of the floods 
of record. 

(b)  Floodflows also or iginate  from the unnamed washes drain- 
ing th; slopes of the mountains ea s t  of Cave Creek and jus t  north 
of the Arizona Canal i n  the Sunny Slope-Dreamy Draw area. When 
such floodflows were large enough t o  breach the Arizona Canal, they 
became a matter of newspaper record. Because runoff from t h i s  area 
does not concentrate i n  any one stream channel, estimates of dis-  
charge from any s ingle  flood are no'c available. However, the s ize  
and number of breaks i n  the canal serve as a measure of the  re la -  
t i v e  magnitude 01 these floods. Using t h i s  cr i ter ion,  the  floods 
of Ju ly  1911 and of August 1943 are estimated t o  be large floods, 
and the floods of July 1936 and of Stptember 1939 are considered 
t o  be medium floods. In  addition, min.or floods were reported i n  
1955, 1959, and 1961. 

( )  New River.--Quantitative flood records f o r  the New River 
are  meager. The l a rges t  flood of record, with an estimated d i s -  
charge of 38,000 cubic f e e t  per  second measured a t  the highway 
bridge a t  Peoria, occurred i n  August 1943; medium-sized floods were 
reported i n  August 1951, July 1955, January 1957, and July 1957. 
The peak discharge of the  July 1955 flood was estimated a t  12,000 
cubic f e e t  per  second. Small floods were reported i n  June 1955 and 
October 1956. 

(d) &Fria River. --The Agua F r i a  River has a much more 
complete record of floods. Two floods, one i n  Janua.ry 1916 and 
another i n  November 1919, were the l a rges t  of record; each i s  
estimated t o  have had a discharge of 105,000 cubic f e e t  per  second 



a t  Avondale. Since 1889, the records indicate f i ve  large floods 
within the range from 50,000 t o  80,000 cubic f e e t  per  second, four 
floods within the range from 30,000 t o  50,000 cubic f e e t  per  
second, and three floods within the range from 10,000 t o  30,000 
cubic f e e t  per  second. During tha t  period, eleven addit ional 
floods were reported but  without any indication of re la t ive  s ize .  

(e) Lake Pleasant Reservoir, a water-conservation reservoir  
witin a capaclty of 163,000 acre-feet  (1962)) was b u i l t  by the 
Maricopa County ifluuicipal. Water Conservation Di s t r i c t  No. 1 
( ~ e a r d s l e ~  Project)  i n  1928. Since t h a t  date, one s p i l l  has 
occurred, on April 19, 1941, when 500 acre-feet were discharged 

0 
over the spillway. 

40. Flood characteristics.--!tost floods i n  the drainage areas 
under consideration are of the flash-flood type resul t ing from 
thunderstorm r a i n f a l l  t h a t  occurs unexpectedly, with l i t t l e  o r  no 
time t o  warn affected communities of impending danger t h a t  may 
r e s u l t  i n  l o s s  of l i f e  and damage t o  property. Ilowevcr, flooding 
can also occur from e i the r  general summer storms o r  general winter 
storms over the area. Duration of flocding from thunderstorms 
r a re ly  l a s t s  more than a few hours. L i t t l e  streamflotr occurs 
except immediately follorfing the heavier ra ins  because climate and 
drainage-area character is t ics  are not conducive t o  continuous runoff. 

41. Eecause of steep gradients, st:reamflow i n  the mountains 
increases rapidly i n  response t o  high-intensive r a i n f a l l  and causes 
high-peak debris-laden floods t o  debouch onto the val ley plains  
below. A s  the flow reaches the val ley plains,  it spreads out as 
overland flow, and a considerable amount of flow i s  l o s t  t o  strean- 
bed percolation. The stream channels a;re generally poorly defined 
and are adequate t o  accommodate only miilor flows. Ibe percentage 
of impervious area, especially i n  the lower reaches of the drain- 
age basin, i s  increasing appreciably because of the urban develop- 
ments taking place. Vegetation, being sparse, has a negligible 
e f f ec t  on flood runoff. 

42. Flood frequencies. --Because of the lack of adequate 
streamflow da ta  f o r  streams i n  the  drainage areas under detai led 
consideration i n  t h i s  report, discharge-frequency curves were 
developed by u t i l i z i n g  (a) the incomplete data  t h a t  were available 
and (b)  the discharge-frequency curve previously developed f o r  
whitlow Ranch Dan  on nearby Queen Creek, a f t e r  making adjusbnents 
t o  r e f l e c t  differences i n  drainage-area character is t ics .  Discharge- 
frequency curves f o r  Cave Creek and the New River and more detai led 
information on t h e i r  development are included i n  appendix It. The 
estimated freq1.1encjes of uncontrolled floods of various magnitudes 
f o r  Cave Creek and the New River are l i s t e d  i n  the following tab le :  



Uncontrolled peak discharges 

Number of times t h a t  
flow would be equdled  : New River 

Cave Creek : 
or  exceeded i n  100 yrs .  at 

a t  : Highway 60 
: Arizona Canal : bridge 

Cubic f e e t  
: per ~ e ; ; ; ; ~  ; 

0.23 .......................... : 
~.OO..................'...".....: ..29,500 : 
2.00..........................: 19,500 : 
5.00 .......................... : 10,500 : 
9.00..... ..................... : 6,400 : ~o.oo.........................: 6,000 : 
15,00............... .......... : 4,000 : 
20.00.........................: 3,000 : 
35.00.. ....................... : 1,500 : 
45.00. ........................ : 1,000 : 
58 .oo.. ....................... : ++600 : ... 
64.00 ......................... :.... .............. : 

Cubic f ee t  

+ Standard project flood under natural  conditions 
++++ Nondamaging.. 

43. Standard project -- flood.--A standard project flood i s  an 
estimated o r  hypothetical flood t h a t  might be expected f romthe  most 
severe combination of meteorological and hydrological conditions 
t h a t  are  considered reasonably character is t ic  of the  geographical 
region involved, excluding extraordinarily ra re  combinations. Such 
a flood could occur i n  the  areas considered i n  t h i s  report if a 
storm equivalent i n  magnitude t o  t h a 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 consti tutes a reasonable appraisal  of 
the  flood-producing po ten t i a l i t i e s  of the streams considered i n  t h i s  
report  and i s  considered a reasonable upper l i m i t  i n  determining 
the s ize  of the  flood f o r  which flood-control improvements might be 
designed. 

44. Estimates of the  magnitude of the  standard project flood 
fo r  the areas considered i n  t h i s  report  are  based on calculations of 
runoff t h a t  would r e su l t  if a storm having character is t ics  of t h e  
August 19, 1954, thunderstorm, which centered over the  Queen Creek 



drainage area, were t o  center over the drainage areas considered 
here. Detailed information on t h e  determination of the standard 
project flood i s  given i n  appendix 1. The peak discharges of uncon- 
t ro l l ed  standard project floods a t  pertinent points along the  
streams under study are  given i n  the  following tab le :  

Estimated peak discharges of standard project flood, Phoenix, Ariz., 
and v ic in i ty  (including New River) 

Location : Peak discharge* 

: Q ~ b i , c f e e t  
Along Cave Creek: ger second 

A t  Arizona Canal............................. ... : 65,000 
A t  Grand Canal.... ............................... : 65,000 

Along Skunk Creek, near mouth.....................: 55,000 
Along New River: 

A t  Highway 60 bridge.. ......................... .: 126,000 
Along Agua F r i a  River: 

A t  Highway 80 bridge... .  ........................ : 160,000 

* Under natural  conditions. 

45. Maximum probable flood. --The m a x i &  probable flood i n  
terms of peak flow o r  volume f o r  c r i t i c a l  durations is t h a t  flood 
t h a t  would r e su l t  from the  most severe combination pf meteorological 
and ground conditions considered possible of attainment i n  the  drain- 
age area generally upstream from an improvement selected fo r  study. 
Further information on the maximum probable flood, used only as  a 
c r i t e r i an  fo r  sp i l lww design, i s  included i n  appendix 1 ,  

MTE!KT AND CHARACTER OF OVERFLOW AREA 

46. Location and extent.--The t o t a l  area t h a t  would be sub- 
ject  t o  appreciable damage by floods along Cave Creek, Skunk Creek, 
the New River, a d  the Agua F r i a  River and t h a t  would be affected 
by the  improvements considered i n  t h i s  report  comprises about 
40,800 acres (63.7 square miles).  

( The Cave Creek overflow area, including the  overflow area 
from the  D r e w  Draw-Sunnyslope Washes, is on a broad a l luv ia l  fan. 
Upstream from the  Arizona Canal, the  streams flow i n  defined chan- 
nels of smdll capacity. Downstream from the  Arizona Canal, the  
urban development t h a t  has taken place has obl i terated almost all 
t races  of the old channels i n  t h i s  area.  Floodflows follow a broad 
swale through an intensively developed section of Phoenix. The 



overflow area has a wide a rea l  extent over which f1oodfI.o~ depths 
are re la t ive ly  shallow. The area included i n  the Cave Creek cver- 
flow area amounts t o  21,200 acres.  

b )  The overflow area along Skunk Creek, the New River, and (- 
the  Agua F r i a  River contains about 19,600 acres and is about 
25 miles long and about 1 mile wide. The channels f o r  each of 
these three streams through t h i s  overflow area are  f a i r l y  well 
defined, resul t ing i n  floodflows t h a t  are  deeper than i n  the Cave 
Creek overflow area. 

47. w p e  and value of property i n  the overflow areas. --The 
developed areas subject t o  overflow along Cave Creek, Dreamy Draw, 
and unnamed washes i n  the  Sunnyslope area are  predominantly urban, 
whereas the overflow areas along Skunk Creek, the  New River, and 
the  Agua F r i a  River are  predominantly agr icul tural .  Information 
on the type and value of improvements i n  the overflow areas con- 
sidered is given i n  the following subparagraphs. 

(a) Overflow area along Cave Creek.--This overflow area 
extends fo r  about 16 miles from just  north of Bell  Road southward 
t o  the  S d t  River. The overflow area of Cave Creek i s  approxi- 
mately 1 mile in  width from about Bell  Road t o  the Arizona Canal. 
Just  downstream from the Arizona Canal, owing t o  the  contribution 
of floodflows from the  Dreamy Draw and Sunnyslope areas, the  over- 
flow area is nearly 3 miles wide and extends from the Black Canyon 
Highway on the west t o  12th S t ree t  on the  eas t .  A t  Van Buren 
St ree t  - about 8 miles downstream, the overflow area narrows down 
t o  a 1-mile width. 

(?J) The major portion of the development i n  t h i s  area is r e s i -  
den t i a l  and accounts f o r  about 53 percent of the  value and covers 
about one-third of the  area. The res ident ia l  property includes more 
than 30,000 homes, ranging i n  value from $8,000 t o  $40,000. Several 
multistory apartment buildings, including a 16-story and a 22-story 
building, are  i n  t h e  overflow area. Another large item of value is 
the commercial development, which amounts t o  about 13 percent of 
the t o t a l .  The properties included i n  t h i s  category number more 
than 1,700 establishments ranging i n  s ize  from s m a l l  neighborhood 
s tores  t o  large department s tores .  Also included in  the  overflow 
area are  several  shopping centers, several  multistory bff ice  build- ** ings, and about 1cO motels catering t o  commercial t ravelers  and 
winter vacationers. 

The value of almost $88,000,000 fo r  public property 
includes 36 grade and high schools, 7 hospitals,  and 81 churches. 
Several multistory office buildings i n  the area would suf fer  physi- 
ca l  flood damages a t  t h e  s t r e e t  l eve l ;  i n  addition, occupants of 
the upper floors of these buildings would suf fer  considerable 
inconvenience during periods of flood. The indus t r ia l  developiaent 
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i n  the  area, mostly of the  warehouse and light-manufacturing type, 
includes about 650 separate businesses. A complete complex of u t i l i -  
t i e s ,  highways, aid s t r e e t s  is included i n  the  overflow area. The 
area  has an estimated population of about 95,000 persons. About 38 
percent of the  en t i r e  overflow area i s  presently undeveloped. 

(c) Past growth i n  the  area under consideration, the  growth 
t h a t  i s  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 
grea te r  than present values. Analysis was made of (1) population- 
growth s tudies  of the  Phoenix urban area, (2 )  economic analyses and 
projections fo r  t he  c i t y  of Phoenix and fo r  Maricopa County, and 

a 
(3) estimates of land available fo r  expansion and of the  ava i l ab i l i t y  (r 
of water supply. Several pr ivate  engineering analyses of the  Phoenix 
metropolitan area  - made t o  consider required expansion of u t i l i t y  
services,  par t i cu la r ly  water-supply and sewwe-treatment works, and 
t o  consider future  highway-construction needs - were available f o r  
use i n  t h i s  study. 

0 
(2 )  Population projections were made fo r  a 50-year period f o r  

the  c i t y  of Phoenix and for  Maricopa County. Because of the  la rge  
growth expected t o  occur i n  the  area  during the  next 50 years and 
the  lack  of su i tab le  da ta  t o  predict  growth beyond 50 years, it was 
conservatively estimated - f o r  purposes of t h i s  report  - t h a t  popu- 
l a t i o n  and corresponding development would remain constant during 
the  50- t o  100-year period. 

(f) These analyses indicated t h a t  average future  values over 
the next 100 years, assuming 1963 pr ice  leve ls  fo r  the  Phoenix metro- 
pol i tan area, would be about 600 percent greater  than present values, 
The average value of t he  Cave Creek overflow area over the  next I) 
100 years would be about 120 percent g rea te r  than the  present value. 
This r a t e  of increase i s  l e s s  than i s  estimated fo r  the  en t i r e  
Phoenix metropolitan area  because of the  degree of sa turat ion of 
present development i n  the  Cave Creek area  as compared with t he  degree 
of sa turat ion i n  the  en t i r e  metropolitan area .  The amount and value 
Of agr icu l tu ra l  and undeveloped land w i l l  decrease t o  r e f l e c t  the  0 
use 01  these lands f o r  urban development. 

( 1  The three s e t s  of oblique a e r i a l  photographs (see 
photos 1-6) indicate the  rapid growth and development taking place 
i l l  and adjacent t o  the  overflow area along Cave Creek. 

(h) Overflow areas along Skunk Creek, the  New River, and the  - 
a* 

Aqua F r i a  River.--The overflow areas along Skunk Creek, the  New 
River, and the  Agua Fr ia  River amount t o  19,600 acres of which 
5,600 acres are streambed areas and wasteland not subject  t o  devel- 
opment. About 94 percent of the  developable land is developed t o  
agr icu l tu ra l  uses. The overflow area extends f o r  about 25 miles • 
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from a point on Skunk Creek, several  miles upstream from the 
New River, t o  a point near the mouth of the  Agun Fria  River. 
The overflow area would range i n  width from about 1 mile near 
the New River detention basin t o  about 2 miles a t  Peoria. Down- 
stream from the rai l road and highway bridge a t  Peoria, the  over- 
flow area would decrease t o  about 1 mile i n  width and would 
remain a t  about t h a t  width through the remaining length of the 
overflow area.  

(i) The agricul tural  development is the  la rges t  single item 
of value i n  the  overflow area and amounts t o  53 percent of the 
t o t a l .  Two urban centers, one a t  the town of Peoria on the 
New River and the other a t  Avondale on the Agua Fria  River, are  
subject t o  damage from a standard project flood. Residential 
developments include about '750 homes, ranging i n  value from 
$2,000 t o  $9,000. Commercial development i n  the two towns 
includes about 50 uni t s .  The res ident ia l  and commercial property 
- together with u t i l i t i e s ,  highways, and s t r ee t s  i n  the area - 
account f o r  41 percent of the value of the overflow area, but 
only occupy about 4 percent of the  area. The area has an e s t i -  
mated population of 2,500 persons. 

(A) An analysis of the growth patterns within the Phoenix 
metropolitan area indicates t h a t  expansion of the  Phoenix urban 
area t o  the  Skunk Creek-New River-Agua Fr ia  River area w i l l  occur 
within about 5 years. A t  the  present time, areas within the c i ty  
of Glendale and immediately t o  the south, i n  the  Maryvale d i s t r i c t  
of Phoenix, are  essent ia l ly  saturated with homes and commercial 
development. These areas are  only 5 t o  7 miles from the Skunk 
Creek-New River-Agua Fr ia  River area.  The Youngtown area, a 
development for  senior c i t izens,  i s  about 2 miles west of the 
New River on the eas t  bank of the  Agua Fria  River; and Sun City, 
another senior-cit izen development, is between the New River and 
the  Agua Fr ia  River - adjacent t o  Youngtown and about 3 miles 
northwest of Peoria. Because of the  expansion of the  Phoenix 
urban area t o  the Skunk Creelc-New River-Agua Fria  River area, 
agr icul tural  development w i l l  be displaced by urban-type develop- 
ments. It i s  estimated t h a t  present urban-type developed areas, 
which comprise about 4 percent of the land t o t a l  i n  the  overflow 
area, w i l l  increase t o  about 20 percent of the  land t o t a l  i n  
50 years. Under average future  conditions, the value of r e s i -  
dent ia l  and commercial property is expected t o  comprise about me-  
half  of the  value of property i n  the overflow area, whereas norr 
such property value comprises only about 20 percent of the total- 
value. Average future value i n  the  overflow area of Skunk Creek- 
New River-Agua Fria  River i s  estimated a t  about 10 times the 
present value. 

48. To r e f l ec t  the increase i n  development over a 100-year * period, future values were discounted by the application of preoent- 
worth fac tors .  Additional information on the  present and estimated 
average future  develo ment i n  the  overflow areas i s  given i n  appcn- 
dix 4. A summary of !he values of propercy i n  the overflow areas 
it: given i n  the following table:  
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Summary of estimated value of property subject  t o  damage by an un- 
controlled standard project  flood i n  the  overflow areas of Cave. 
Creek, Skunk Creek, New River, F r i a  River, Ariz. 

Overflow area and : Present (1963) : Average future 
type of property value value . of property of property* 

Cave Creek, including 
Dreamy Draw and unnamed 
washes i n  t he  Sunnyslope : 
area (21,200 acres)  :** 

Residential. .................. : $504,400,000 : $1,077,600,000 .................. Commercial.. : 119,100,000 : 229,400,000 
Public ........................ : 87,900,000 : 183,200,000 
U t i l i t i e s  ..................... : ~ ~ , ~ O O , O O O  : 153,700,000 
Railro ad . . . . . . . . . . . . . . . . . . . . . .  : 1, 900,000 : 2,200, 000 
Indus t r ia l . . . . . .  .............. : 75,700,000 : 355,000,000 
Highways and s t r e e t s . . . . . . . . . . :  33,700,000 : ~ ~ , ~ O O , O O O  
Agriculture. .................. : 900,000 : 300,030 
I r r iga t ion  .................... : 3,100,000 : 2,900,000 

Total . . .  .................. : 904,500,OCO : 2,051,000,000 
Say ....................... : 905,000,000 : 2,051,000,000 -- 

Skunk Creek, New River, and 
Agua F r i a  River (19,600 
acres)  :*** 

Resident ia l . . . . . . . . .  .......... : 4,100,000 : 114,900,000 
Comerc ia l . . . . . . . . . .  .......... : 1,500,000 : 19,900,000 
Publ ic . . .  ..................... : 1,300,000 : 35,900,000 
Ut i l i t i e s . . . . . . . . . . . . . . . . . . . . . :  600,000 : ~ ~ , ~ O O , O O O  
Railroad.. . . . . . . . . . . . . . .  ...... : 900, 000 : 900, 000 
Industr ia l . . . .  ................ : 100,000 : ~ ~ , ~ O O , O O O  
Highways and s t r ee t s . . . . . . . . . . :  1, 900,000 : 5,200,000 ... Agricul.ture (13,200 acres) .  : 13,500,000 : 12,200,000 
I r r iga t ion . . .  ................. : ~ , ~ O O , O O O  : 1,50!3,000 

Tota l . . . . . . . . . . . . . . . . . . . . . :  25,500,000 : 244,600,000 
Say ....................... : 26,000,000 : 245,000,000 

* The value of average future development f o r  period 1963-2~62 
without addit ional flood control  was discounted by using present-. 
worth factors .  

** Includes 8,200 acres of undeveloped land under present 
conditions. 

*** Includes 5,600 acres of streambed and wasteland. 



FLOOD DAMAGES 

49. Damages from past floods.--Monetary estimates of damagcs 
from past  floods a r e  very scanty; only very general rough estimates 
a r e  available.  The Cave Creek flood of August 1921 - before the 
construction of Cave Creek Dam - caused damages of "over a n i l l i o n  
dol lars ,"  according t o  the  Arizona Republic. With the tremendous 
growth of Phoenix, t he  occurrence of t h i s  flood today would cause 
damages estimated a t  about $63 mill ion.  

50. The Cave Creek flood of August 1943 was destructive; 
however, no complete monetary estimate of damage was made. The 
overflow area of Cave Creek affected by t h i s  flood was largely 
agr icul tural  a t  t h a t  time. Because of a l ack  of i n t e r e s t  i n  flood 
control a t  t h a t  time, a complete es t imate  of the damages caused 
by the  1943 flood was not made. However, newspaper accounts and 
reports by loca l  agencies indicate the  sever i ty  of t he  flood, 
which resulted from heavy r a in  from severe thunclerstorms over the  
deser t  areas jus t  north of Phoenix. Rapid runoff upstream from 
the Arizona Canal quickly overtaxed the capacity of the canal 
system. About 16 breaks occurred i n  t he  south bank of the  canal 
i n  t he  Cave Creek area north of Fhoenix. In  addition, water 
overflowed the  south bank i n  t h a t  area  i n  about 6 places without 
breaking the bank. A t  t h a t  time, much of the  area downstream 
from the Arizona Canal was i n  c i t ru s  groves o r  other agr icu l tnra l  
pursuits  t h a t  were not seriously damaged by the floodwaters. The 
reports available indicate t h a t  a hundred o r  more homes and busi- 
ness establishments were flooded by water t h a t  ranged i n  depth 
from a few inches t o  2 f e e t .  Floodwaters i n  several  major s t r e e t s  
made t r ave l  impossible for  several  hours. I f  the  1943 flood were 
t o  occur today under present intensive development, damages of 
about $20 mill ion would r e s u l t .  A report  made by the So i l  Conser- 
vation Service about t he  August 1943 flood along the New River 
(peak discharge of 38,000 cubic f ee t  per second) indicated tha t  
flood damages to ta led  $47,500 (1943 prices and development). The 
report  s ta tes ,  however, t h a t  information on which the estimate 
was based was very l imited.  A.similar flood occurring today along 
the New River would r e su i t  i n  damages of about $590,000. This 
large increase i s  due t o  (1) t he  increase i n  urban-type develop- 
ment along the banks of the  New River and the  Agua F r i a  River a t  
Peoria and Avondale, respectively; (2) the  increase i n  t he  area 
farmed along the r ivers ;  (3) t he  price-level increase from 191.1.3 
t o  1963; and (4) consideration of all potent ia l  damages. 

51. The population of t he  Phoenix metropolitan area has 
increased approximately 310 percent from 1950 t o  1960 and has 
increased by nearly 15 percent i n  t he  past 3 years, mostly as  a 
r e su l t  of migration in to  t he  S ta te .  Most of those l iv ing  i n  the  
overflow areas today have never experienced floods of destructive 
magnitude i n  o r  near Fhoenix. The l a rges t  damaging flood of 
recent years i n  the  general area  occurred i n  September 1962 along 
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Santa Rosa Wash, about 50 miles south of Phoenix. That flood 
resulted in damages of about $10 million, mostly to agricultural 
properties. Because Phoenix and Santa Rosa Wash are in the same 
region of meteorological homogeneity, it is possible and probable 
that a storm such as the 1962 Santa Rosa storm could occur in the 
Phoenix area. If that storm had centered over the Cave Creelr 
drainage area, the resultant discharge of Cave Creek at the 
Grand Canal would have been about 26,000 cubic feet per second, 
causing damages under present conditions of about $57 million. 

52. In August 1963, a cloudburst storm over the Glendale- 
Maryvale area at the western outskirts of the Phoenix urban area 
resulted in large damages to residential, commercial, and other 
urban and agricultural properties. Although final compilation of 
the damages has not been completed, preliminary tabulations indi- 
cate that they will exceed $1 million. The damaged area is within 
the overflow area of tributaries of the Salt, the New, and the 
Agua Fria Rivers, just west of the Cave Creek drainage area. 

53. Damages from future floods.--Hydraulic and economic 
studies were made todetermine the effect of floods of various 
magnitudes on present and future development. The estimate of 
damage from a single flood included consideration of the probable 
extent of the overflow area, the type and value of property sub- 
ject to damage, and the extent of damage that would occur to each 
type of property from floodwaters of computed depth and velocity. 
The selected flood magnitudes range from a discharge that would 
cause a small amount of damage to the discharge of the standard 
project flood. The estimates of damage include physical damages, 
emergency costs, and business and financial losses that would be 
caused in the overflow area by floods of various magnitudes. 

54. The following tables give (a) pertinent information on 
damages that under present conditions-(1363) would occur to vari- 
ous types of property as a result of a standard project flood and 
(Q) a summary of the estimated damages from future floods of 
various magnitudes in the overflow areas. 



Estimted damages resulting fron an uncontrolled standard pro.jcct flood 
al-Cave Creek ++ S l m k  Creek, New River, md Agua Fr ia  River, A r j  z . - . .1-..- 

D a m ~ e s  based on 
present (1963) conditions 

Overflow area : Present 
and type of : (1963) : Emergency . 

property : v d u e  

0 
. Physical . costs and : Total 
. dmages : business . 

. losses  : - ---. --- 
Cave Creek:* 

Resident id . .  . . : $504,400,000 : $67,970,000 : $6,800,000 : $74,770,000 
Comerc id .  . . . . : 119,100,000 : 12,090,000 : 3,630,000 : 15,720,000 
Public. . . . . . . . . : 87,900,000 : 4,450,000 : 670,000 : 5,120,000 
utilities.. . . . .: 77,600,000 : 2,630,000 : 390,000 : 3,020,000 
Railroad.......: 1,900,000 : 120, 000 : 20, 000 : 140, 000 
Industrial .  . . . .: 75,700,000 : S,850,000 : I.,76O,OOO : T,610,000 
Highways and : 

s t ree ts . .  . . : 33,700,000 : 1,930,000 : 1,330,000 : 3,260,000 
Agriculture....: ~OO,OOO : 230,000 : 20,000 : 250,300 
I r r igat ion.  . . . . : 3,300,000 : - 340,000 - : 20,000 :- 360,000 

Say.. . . . . . .: -- 905,000,000 : 9j,000;000 : 15,COO,OOO : 110;000>0 .- 
Skunk Creek, New : 

River, and : 
Agua Fr ia  : 
River: 

Residential.. . . : 4,100,000 : 460,000 : 90,000 : 550,000 
Commercial.....: 1,500,000 : 300,000 : 60,000 : 360,000 
fiblic. . . . . . . . . :  1,300,000 : 140,000 : 20,000 : 160,000 
'gt i l j . t ies. .  . . . .: ~OO,OOO : 30,000 : 3,000 : 33,000 
Railroad.. . . . . . : 900, 000 : 230,000 : 160,000 : 390,000 
Industrial.. . . . :  100,000 : 20, 000 : 4,000 : 24,000 
IIighways and : 

st reets . . . . :  1,900,000 : 500,000 : 100,000 : ~OO,OOO 
Agriculture.. . .: 13,500,000 : l,l9O,OOO : 223,000 : 1,413,000 
I r r igat ion. .  . . . : 1,600,000 : 240,000 : - 60,000 : 300,000 • Total. .  . . . . : 25,500,000 : 3,110,000 : 720,000 : 3,830,000 

Say. . . . . . . . : 26,000,000 : 3,100,000 : 700,000 : 3,800,000 

* Includes Dreamy Draw and unnamed washes i n  Sunnyslope area. 



Sl!.mm of estimated damti,-es from future floods of various magnitudes, Phoenix, Ariz., and vicinitx 
( i n c l . u d i ~ ~  New River) 

Damages based on present (1963) : TotaL damage 

development and price levels : based on 

Flood : present 
Overflow area : Emergency : : magnitude : : worth of . Physical : costsand : : average 

: damages : business : Total . future 
: losses : development* 

Cave Creek (inclucing Dreamy : cubic feet  : 
Draw and unnamed washes i n  : per second : 
the Sunnyslope area). ...... : **65,000 : $95,000,000 : $15,000,000 : $UO, 000,000 : $249,500,000 

DO.............. ......... : 30,000 : 54,000,000 : 10,000,000 : ~ ~ , O O O , O O O  : 143,000,ooo 
....................... Do : 9;OOO : 15,000,000 : 4,500,000 : 19,500,000 : 40,000,000 

DO. ...................... : 600 : 0 :  0 :  0 :  o 
rv 
rv Skunk Creek, New River, and : 

......... Agua Fria fiiver.. .: "*126,0~0 : 3,100,000 : 700,000 : 3,800,000 : 46,000,000 
Do..... .................. : 22,000 : 59,000 : ll0,OOO : 700,000 : 7,000,000 
Do ....................... : 12,000 : 250,000 : 50,000 : 300,000 : 2,700,000 
Do ....................... : 1,000 : 0 :  0 :  0 :  0 

* For period 1953-2062 without additional flood control (based on 1963 price levels).  
* Standard project flood. 

?Tote.--Flood magnitudes for Cave Creek md mew River are measured a t  the Arizona Canal and High- 
w a s  bridge, respectively. 
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55. Average annual damages.--Curves were dram showing the 
relationship between peak discharges and resul tant  damages under 
conditions of averase future  develo~ment f o r  each overflow area con- 

annual flood damages, based on present and average fbture conditions 
of development, a r e  shown i n  the following table:  

: Average annual : Average annual I 
: development : conditions* 

- 
Cave Creek (including Dreamy Draw : 

and unnamed washes i n  Sunnyslope : 
area) .  ............................ r $3,h13,000 : $7,11-20,000 

Skunk Creek, New River, and ................. Agua Fr ia  River.. : 130,000 : -- 1,250,000 

Total . . . . . . . . . . . . . . . . . . .  ....... : 3,540,000 : 8,670,000 

*Based on ( a )  the  value of average future development (1963-2062) 
a f t e r  discoun?ing t o  present worth and (b )  - 1963 price levels .  

57. Intangible -- 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 su l t  from future floods i n  the overflow areas con- 
sidered here. See subsequent heading en t i t l ed  "Estimate of Benefits" 
f o r  a discussion of these damages. 

MISTING CORPS OF ENGINEERS FLOOD-CONTROL IMPROVEMENTS 

58. No exis t ing flood-.control project  i n  the drainage areas 
under detailed consideration i n  t h i s  report i s  under the jur isdict ion 
of the  U.S. Army Corps of Engineers, and the improvements being con- 
sidered f o r  construction would not be affected by any other Corps of 
Engineers improvement except McMicken Dam, from which f1or.1~ are 



s 

59. Discharges from the considered improvements, however, 
would empty in to  the Gila River channel t o  be cleared under the 
exis t ing Corps of Engineers project  f o r  the Gila 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 i c in i ty  of Phoenix and Tempe, Ariz., 
(2) a cleared floodway along the Sa l t  and Gila Rivers between 
Granite Reef and Gillespie Dams, and ( c )  low-flow o r  p i l o t  channels 
along pa r t s  of the cleared floodway. T ~ e e  11. Doc. 279, 86th Cong., 
2d sess . ) .  @ 

60. In  addition, since authorization of the Gila and S a l t  
Rivers levee and channel improvement, studies under way by the 
Bureau of Reclamation indicate the economic jus t i f ica t ion  of a 
multiple-,purpose reservoir  on the Sa l t  River a t  the Maxwell 
(formerly cal led ~ c ~ o w e l l )  s i t e .  Present plans f o r  t h i s  reservoir  
provide suf f ic ien t  flood-control storage t o  control  a standard 
project  flood (peak discharge 290,000 c.f . s . )  t o  an outflow of 
50,000 cubic f e e t  per second. Because of the  control  t h a t  would 
be effected by Maxwell Reservoir, the levees along the Sa l t  River 
i n  the v i c in i ty  of Phoenix and Tempe, Ariz., are no longer required. 
However, the comprehensive plan f o r  the Phoenix metropolitan area 
provides f o r  channel improvements along the Sa l t  River from Granite 
Reef Dam t o  the  mouth of the S a l t  River mostly t o  permit higher 
u t i l i z a t i o n  of lands i n  the Sa l t  River channel i n  the Phoenix urban 
area. 

IMPROVEMENTS BY OTIBR FEDERAL A?D KON-FEDERAL AGENCIES 

61. Cave Creek flood.-ccntrol dam, located abou% 6 miles 
upstream from Bell  Road, was completed j.n March 1923 a t  a cost  of 
$550,000. The dam, constmcted t o  control  Cave Creek floods, i s  a ' 
concrete multiple-arch s t ructure .  It was financed by a cooperative 
e f fo r t  of State, county, c i ty ,  and pr ivate  in te res t s .  Under the 
assumption t h a t  the reservoir  would be empty and the three ou t l e t s  
would be operating, it i s  estimated t h a t  the dam would a t  present 
control  a l l  floods up t o  a peak inflour of about 13,000 cubic f ee t  
per  second. A flood with t ha t  peak inflow, which would have a 
frequency of occurrence of about once i n  50 years, would be reciuced 
t o  a maximum discharge of 1,250 cubic f e e t  per  second. If a 
standard pro jec t  flood were t o  occur today, the dam under the same 
assumption would reduce a flow of 83,000 cubic f e e t  per  second a t  
the Grand Canal t o  47,000 cubic f e e t  per  second. When constmcted, 

0.  
the capacity ci? the reservoir  was 14,000 acre-feet. However, i n  
1948 a f t e r  a 25-year operation period, a survey of the reserv0j.r 
indicated t h a t  the capacity was only 11,000 acre-feet - a loss  of 
3,000 acre-feet because of sedimentation, with a resu l tan t  reduc- 
t ion  t o  about 78 percent of o r ig ina l  capacity. A t  the same r a t e  of 
sedimentation, the en t i r e  reservoir  would be completely depleted 
within a peri.od of about 75 years from t h i s  date (1963). 
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* 62. Lake Pleasant Reservoir was constructed in 1927 on the 
Agua Fria River about 25 miles upstream from the mouth of the 
New River. The 164,000-acre-foot reservoir, constructed by the 
Maricopa County Municipal Water Conservation District No. 1, is used 
for water conservation but provides incidental flood control. The 
reservoir has been filled only once since its construction in 

0 April 1941, and at that time an estimated 500 acre-feet of water 
passed over the spillway. . 63. The irrigation canals of the Salt River project are 
operated to provide limited flood control. If floodflow is antici- 
pated, the irrigation water is released into %!asteways and the 
canal emptied. The canals have a varying capacity in different 
reaches as follows: 

Arizona Canal: 
Near Dreamy Draw.. . . . . . . . . .800 cubic feet per second 
Near Cave Creek ............ 600 cubic feet per second 

Grand Canal near 
Central Ave..........about 600 cuoic feet per second 

IMPROVEMENTS DESIRED 

64.. Public hearing. --A public hearing was held at Phoenix, Ariz., 
on December 9, 1959, by the U.S. A m y  Engineer District, Los Angeles, 
with the district engineer presiding. It was attended by 178 persons, 
including interested private citizens and representatives of various 
agencies of the Federal Government, the State of Arizona, Maricopa 
County, and political subdivisions of the county. The Maricopa County 
Flood Control District presented an outline of a comprehensive plan of 
improvement for the Phoenix metropolitan area, as 'described in the 
following paragraphs. 

65. Improvements desired by local interests.--Local interests 
proposed, in very general terms, 'a comprehensive plan of improvement 
to protect the entire Phoenix metropolitan area, as follows: 

(a) Channelization of the Salt River from east of Mesa to a point 
west o? Phoenix. . (b) Channels to divert to the Salt River those flows originst- 
ing iii the rcountain areas east of Mesa and south of the Salt River 
that affect agricultural areas and the conmunities of Higley, 
Gilbert, and Apache Junction. 

(c) Channels to divert flows from the developed areas east of 
1ndian- end Wash to the Salt River. 

(d) -- Channelization of Indian Bend Wash. 
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(e) A system of channels to divert Cave Creels flows and flows 
originating in Sunnyslope and the Phoenix Mountains westward from 
the urban area of Phoenix to Slsunk Creelr and the New River. 

(c) Channelization of Skunk Creek and the New and the Agua Fria 
Rivers from the mouths of the diversion channels to the Gila River. 

( A channel to divert flows originating in the Salt River 
Mountains from the developed areas of south Phoenix. 

(h) A diversion channel just north of the Arizona Canal to 
divert flow eastward from about 36th Street and westward from about 
56th Street to an outlet channel at about 48th Street that would 
empty into the Salt River. These worlrs would convey floodflows 
from the mountainous area north of the Arizona Canal between 
36th Street and 56th Street to the Salt River. 

( Local interests also requested that consideration be 
given to construction of' a multiple-purpose darn on the New River at 
a point about 3 miles north of the settlement of New River, in con- 
junction with a channel to divert the New River flows to the Agua 
Fria River upstream from Lake Pleasant Reservoir. 

66. After the public hearing, local interests requested the 
Soil Conservation Service, U.S. Department of Agriculture, to con- 
sider the flood problems of the communities of Higley, Gilbert, 
and Apache Junction and of the adjoining agricultural areas (item (b) 
of the preceding paragraph titled "Improvements Desired by Local 
~nterests"). The results of their studies are contained in the 
recently completed watershed-work plan. 

67. ----- Reasons advanced in justification of improvemen.%s desired,.-- 
Representatives of local interests stressed the need for flood control 
along the previously mentioned streams to (a)  prevent inundation of' 
highly developed residential and commercial areas, (b) prevent damage 
to agricultural property, (c) prevent interruption of the delivery of 
irrigation water in the many canals used for that purpose, and (6 )  
prevent interruption of highway and street traffic. They pointed 
out that past floods on tributaries of the Salt and Gila Rivers in 
the Phoenix metropolitan area rarely caused large damages, mainly 
because of the predominantly agricultural developments in the over- 
flow areas. However, with the population explosion in the Phoenix 
metropolitan area, the damage potential has increased tre~~end0us:;y. 

FLOOD PROBLEMS AND RELATED PROBLEMS 

68. A serious flood problem exists along Dreamy Draw, Cave Creek, 
and Skunk Creek and along the New and tile Agua Fric Rivers, thc mnjo? 
streams under detailed. consid.e~ation in this report. Unti.1 r~ceu-kly, 
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floods along D r e w  Draw and Cave Creek rarely caused large damages, 
mainly because of the predominantly agrlcultzral de.rel.2pments in the 
overflow area. Hor.rever, with the population explosion in the Phoenix 
metropolitan area, particularly since 1950, the flood-damage potential 
has increased tremendously. The flood channels of Dreamy Draw and 
Cave Creek disappear at the Arizona Canal and not even a trace of a 

8 stream is evident downstream, The area do~instream from the canal is 
now interisively developed with urban-type property - predominantly 
residential, co~mnercial, and industrial improvements. Floods along 
Skunk Creek, the New River, and the Agua Fria River cause damage to 
mainly agricultural-type property, except at the communities of 
Peoria and Avondale. 

a 
69. Damage to property in the overflow areas is caused principally 

by iriundation and debris deposition. The floodflows result primarily 
from local thunderstorm rainfall of high intensity and short duration. 
Along the New River and the Agua Fria River, severe bank and surface 
erosion occurs. Inundation damage will also cause severe disruption 

• of activities, both inside ar-6 outside *he flooded area. Aeca~se 3f the 
continued gro%~th in tke overflow area, damages will be greater under 
future conditions than under present conditions. 

70. Water-conservation problems or other problems related to 
flood problems are not of sufficient magnitude to warrant detailed 

p investigation in connection with this flood-control survey. 

PLANS OF 'IMPROVEMENT COKSIDERED 

71. General.--Because of high evaporation rates and relatively 
low average-annual rainfall, no detailed studies were made of a 
Federal multiple-purpose project pro- riding for water conservation, 
hydroelectric power, fish-and-wildlife development, or recreational 
development in addition to flood control. 

'72. However, because of the exploding population J.n the 
Phoenix area, the possibility of recreational development at 
detention-basin sites was recognized even though no permanent pools 
would be provided. Available information on real estate costs 
indicates that cost to local interests for fee acquisition rather 
than flowage-easement acquisition in the detention-basin areas 
required for recreational development would be relatively minor. 

73. Comprehensive plan.--A comprehensive five-phase flood-control 
plan for the Phcenix metropolitan area was developed by the Corps of 
Engineers in cooperation with the Flood Control District of Maricupa 
County to serve as a framework for all flood-control vork in the area, 
whether justified at this time or not.' Pertinent information on those 

I' five phases is given in the following subparagraphs. 
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, ----- .. --,--- --- - ------ -.- ----" 0 
Bend Iflash from the Arizona Canal t o  the S a l t  River, as recommended 
i n  .the interim report  on Indian Bcnd tiash, kriz.  That report, 
~ i l ~ i c h  was ~ ~ ~ ~ ~ p l e t c a  by t n c  U.S. Amy Engineer Dis t r ic t ,  1.0s 
Angelcs, (11 April 15, 1962, i s  being processed f o r  submission t o  
Congress. 

(b) phase B provides f o r  a system of detention basins, diver- 
sion cEannels, and channel improvements as described i n  the 
recommended plan given i n  t'nis report. e 

(2 )  Phase C pravides f o r  (1) channels i n  the Glendale-Maryvde 
area and (2) a detention basin, diversion channel, and channel • 
improvement i n  the south Phoenix area. 

(2)  Phase D provides f o r  (1) flood-control storage i n  Maxwell 
Reservoir under consideration by the Bureau of Reclamation and (2) a 
channel improvement along the S a l t  River from the Granite Reef 
diversion dam t o  the mouth of the S a l t  River a t  i t s  confluence with * 
the Gila  River. 

(2) Phase E provides f o r  a channel improvement along Indian 
Bend Wash upstream from the Arizona Canal. 

74. plans proposed by loca l  in.terests,--The plans proposed a t  
the  public hearing by loca l  i n t e r e s t s  f a r  flood control  i n  the 
Phoenix ~netropolitan area are l i s t e d  i n  a preceding paragraph, 
"Improvements Desired by Local Interests. ' '  Since the public hear- 
ing, the Corps of Engineers has worked closely with the Flood 
Control D i s t r i c t  of Maricopa County t o  ref ine the proposals and t o  
develop the comprehensive plan presented i n  the  preceding paragraph. 
The r e su l t s  of s tudies  and investigat.ions fo r  t h a t  plan and 
proposals f o r  future  study are summarized in following paragraphs. 

(a)  Study f o r  channelization of the Sa l t  River through the 
~ h o e n i z  area w i l l  be included i n  phase Dl whi.ch is mentioned i n  the 
preceding paragraph. 9 

(b) The flood problems of the area e a s t  of Mesa, i n  the  com- 
munities of Higley, Gilbert, and Apache Junction, and of the adjoin- 
ing agr icul tural  areas, have been studied by the So i l  Conservation 
Service, U.S. Department of Agriculture. The resu l t s  of t h e i r  
s tudies  are contained i n  a recently completed riakershed work plan. a' 

( c )  Study of the flood problems of the areas eas t  of Indian 
Eend blzsh i s  interconnected with improvements fo r  implementation of 
the  Bureau of Reclamation's proposed Central Arizona Project. The 
bes t  solution t o  the flood problem appears t o  require the construc- 
t i on  of a diversion channel along the base of the southwest slope of Q 
the  McDowell Mountains. Such a diversion channel would t raverse  the 
S a l t  River Indian Reservation ju s t  before it reaches a discharge 
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point i n  the Sa l t  River, about 9 miles eas t  of Scottsdale, Ariz. 
The Granite Reef aqueduct of the Central Arizona Project would 
traverse the same area as the proposed diversion channel. In  
addition, flood-control works would be required f o r  the protec- 
t ion of the aqueduct. Members of the t r i b a l  council of the S a l t  
River Indian Reservation and representatives of the Bureau of 
Indian Affairs desire t h a t  decisions regarding location o r  design 
of a diversion channel through reaewation land should be held i n  
abeyance u n t i l  a f i r m  location of the aqueduct is established and . the nature of the flood-protection works for  it are determined. 
Further study of the flood problems in  t h i s  area would be made i n  
cooperation with the Bureau of Reclamation a f t e r  the Bureau's 
plans are firmed up. 

(d) Study of channelization of Indian Bend Wash from the  
~ r i z o n g  Canal t o  the S a l t  River has been completed by the U.S. 
Army Engineer District ,  Los Angeles, and the recommendations resul t -  
ing therefrom are included in  an interim report dated P-?ril 15, 
1962. That interim report also concluded tha t  a channel improve- 
ment along Indian Bend Wash upstream from the Arizona C n c a l  i s  
not jus t i f ied  a t  t h i s  time. However, such a channel im]?rovement 
should be p a r t  of any comprehensive plan of the area so t:iat it 
can be b u i l t  when just i f ied.  

(9 Study of the flood problems of Cave Creek and those 
caused by flows from the mnnyslope area and from the P!loenix 
filountains resulted i n  the plan of improvement recon1mendt;d. in  t h i s  
report. 

( )  Local in te res ts t  desire f o r  channelization of Skunk Creek, 
the New River, and the  Agua Fr ia  River is being f u l f i l l e d  by inclu- 
sion of these improvements as pa r t  of the recommended p l m  
contained i n  t h i s  report. 

(g) Studies f o r  a channel t o  divert  flows originatl.ng i n  the 
S a l t  ~ r v e r  Mountains from the developed areas of s m t h  Phoenix 
w i l l  be considered under phase D of t3e co;~:?rehensive plan. 
Phase D w i l l  also include a study of the f2.ood pr~blems of the 
Glendde-Maryvale area. The magnitude of tine problems i n  tha t  
area were not realized a t  the time of the public hearing. However, 
urban development has expanded in to  the area within the past  
4 years, end a recent storm - i n  August 1963 -has demonstrated the 

.@ . need f o r  a solution t o  the flooa problems in  tha t  area. 

( )  Studies of a diversion channel just  north of the Arizona 
Canal, in  the area between 36th and 56th Streets,  and an ou t l e t  
channel t o  the Sa l t  River, a t  about 48th Street, resul$ed i n  the 
conclusion tha t  such an improvement could not be economically 
just i f ied.  Contributing t o  the low benefit-cost r a t io  was the 
very high cost of improvement required. 



(2 )  ConsideraLioil was given t o  a multiple-purpose dain 
providing for  water-ccnsei"vation and flood-control stoyage oc 
the  upper New River a s  requested by loca l  in te res t s .  Hovever, 
such a dam was not considered i n  d e t a i l  because of the  minor 
flood-control benef i t  t ha t  would accrue as  compared with the 
flood-control benefit  t ha t  would accrue from a detention basin 
a t  a s i t e  far ther  dotrnstream. 

75. Recommended plan.--The recommended plan comprises 
(a) fouf dams, one each on Cave Creek, Slcunk Creek, the  New 
River, and Dreamy Dra~.r; (b )  the Union Hills and the Arizona 
Canal diversion channe1s;'and ( E )  the  Cave Creek, the Dreamy 
Draw, the Skunk Creek, the  New Fiver, and the Agua Fria  River 
channel improvements. Efforts vere directed t o  control  a s  
much of the  floodflorr a s  possible i n  the drainage area involved; 
t o  d iver t  residual -flows i n  Deer Valley and Cave Creek t o  
Skunk Creek; and t o  improve Skunk Creek, the  New River,and the 
Agua Fria River t o  carry these res idual  flows t o  an adequate 
point of dispusal. 

76. Pertinent inforfiiation on each of the  un i t s  of 
improvements under the  recommended plan is given i n  the 
following subparagraphs. 

(a) Cave Buttes detention basin.--The Cave Buttes deten- 
t i on  basin (with two dikes) would be constructed about 2 rfliles 
downstream (south) fror,~ the exis t ing Cave Creeli Dam. The main 
embankment would be a coinpacted-earthfill s t ructure  with a 
maximum height of about 120 fee t  above streambed. The c re s t  
of the  dam (elevation 1,621 fee t )  would be about 2,1.00 feet  
long. The unlined spillway, excavated i n  rock, located about 
800 fee t  northwest of the  vest  ( r igl i t )  abutment of the  ma!n 
embankment, would have a concrete s i l l  with a length of  400 
fee t  a t  elevation 1,596.5 fee t .  The spillway viould be designed 
t o  pass a spillway design flood having 9 2ea l  cliscl~afge ~f 
160,000 cubic f ee t  per second ~ r i t h  5.5 fee t  of freeboard. . .  
The ou t l e t  would he a 12-foot-diameter ungated concrete Con- 
du i t ,  located under the  main embankment near the  r i gh t  
abutment. The capacity of the  ou t l e t  works would be about 
5,400 cubic feet  per second with the water surface a t  the  
spillway c res t .  Two e a r t h f i l l  dikes would be required. Tlle 
West dike would have a c r e s t  length of 3,500 f ee t  and a maxi- 
mum height of 90 fee t .  The eas t  dike ~iould have a c r e s t  
length of 8,600 fee t  and a iilaximurn height of 75 f ee t .  The 
detention basin rroula have a capacity of 28,800 acre-feet  a t  
the spillway c res t ,  of %rhj.ch 2,500 acre-feet  would be for 



the  accumulation o f  sedilrlent over a 100-year period. The 
detention basin vrould reduce a standard project  flood with a 
peak iriflow of 79,000 cubic fee t  per second t o  an outflov of  
5,400 cubic f ee t  per second. 

(b)  Cave Creek channel.--The - Cave Creelr channel would be 
a t r a ~ g z o i d a l  concrete-lined channel about 3.6 iailes long. It 
~.rould extend from the ou t l e t  of the proposed Cave ~uttes-  am t o  
the proposed Union Hi l l s  diversion channel. The channel %iould 
have a bottom ~'ridth of 10 fee t  and side slopes of 1 v e r t i c a l  on 
2-1/4 horizontal. The depth of the  channel would be about 11 
fee t  and the en t i r e  channel would be excavated belo31 natural  
ground. The channel would accommodate a design discharge of 
6,000 cubic f ee t  per second. No bridges or  u t i l i t y  relocations 
a r e  expected. 

(2)  Union H i l l s  diversion channel.--The Union H i l l s  diver- - 
sion channel would be a trapezoidal concrete-lined channel. about 
9-3/4 miles long extending fro:? the  divide between Cave Creek 
and Indian Bend Wash drainage areas,  near 40th Street ,  t o  Skunk 
Creels. It 7:rould have a bottom width ranging from 15 t o  60 f ee t  
and s ide sl.opes of 1 v e r t i c a l  on 2-1/4 horizontal. The design 
discharge of the  channel would range from 2,000 cubic f ee t  per 
second a t  the upstream end t o  13,400 cubic f ee t  per second a t  
the  dotrnstream ou t l e t  in to  Skunk Creek. The depth o f t h e  
channel irould range from 10 t o  18 fee t ,  and the channel would 
be excavated en t i r e ly  below natural  ground, Seven bridges - 
one each a t  32nd Street ,  Union Hi l l s  Drive, Cave Creelr Road, 
'7th Street ,  19th Avenue, Black Canyon IIighvay, and 35th 
Avenue - vould be required. About 1,800 f ee t  of Union H i l l s  
Drive ~iould be relocated. 

(d) Dreamy Draw detention basin.--The Dreamy Drav detention 
basin 50~13-be constructed i n  Dreamy Draw just  south of Shea 
Boulevard and l m i l e  eas t  of 16th S t ree t .  The main embanlunent 
would be a compacted-earthfill s t ructure  with a maximurn height 
of about 50 fee t  above streambed. The c res t  of the dam 
(elevation 1,420 f e e t )  >~ould have a length of 480 fee t .  The 
unlined spilltray ~?ould be excavated i i i  rock about 400 feet  
southeast of the  l e f t  abutment of the  main embankment. It 
would have a concrete s i l l  with a length of 275 fee t  a t  eleva- 
t i o n  1,410.0 fee t .  The spillway would. be designed t o  pass a 
spillway-design flood having a peak discharge of 9,700 c ~ ~ b i c  
feet  per  second with 5 f e e t  of freeboard. The ou t l e t  would 
consist  of a 36-inch-diameter ungated reinforced-concrete 
conduit located i n  the  main embankment. The capacity of the 
ou t l e t  would be 100 cubic f ee t  per second i.ri.i;h the  water 



surface a t  the spillway c res t .  Two e a r t h f i l l  dikes just  upstream l 
from the main embankment and along the r i gh t  bank of Drealny Drav 
riould be required. One dike would be about 950 fee t  long and have 
a maximum height of 22 feet ;  the  other would have a length of 
850 f ee t  and a maximum height of about 12 feet .  The detention 
basin would have a capacity of 450 acre-feet  a t  the  spillbray 
crest ,  of which 150 acre-feet  would be allocated for the accumu- 0 
l a t i on  of sediment over a 1C0-year period. The detention basin 
would reduce a standard project  flood with a peak inflow of 2,180 
cubic fee t  per second t o  an outflow of 100 cubic fee t  per second. • 

(2)  Dreamy Draw channel.--The Dreamy Draw channel would be a 
rectangular concrete channel with a 10-foot base riidth, extending 
from the Dreamy Draw detention-basin ou t l e t  t o  the  Arizona Canal 
diversion channel - a length of about 3-1/2 miles. The design 
capacity would range From 100 cubic f ee t  per second a t  the upstream 
end t o  1,500 cubic f ee t  per second a t  the  downstream end. The 
depth of the channel, which would be excavated en t i r e ly  below the 
natural  ground, would range from 7 t o  9 feet .  Six street-crossing 
bridges would be required - one each at Shea Boulevard, 16th 
Street ,  Winter Drive, 14th S t ree t ,  Belmont Avenue, and 12th Street .  

( f )  Arizona Canal diversion channel.--The Arizona Canal 
diversyon channel would be just  upstream from the Arizona Canal 
and would be nearly pairallel t o  t h a t  canal. A t  t he  upstream C 
end, a rectangular concrete channel, 2 miles i n  length, extending 
from a point just west of 12th S t ree t  t o  Central Avenue, would 
have a bottom widtll ranging from 10 t o  50 feet  and a depth rang- 
ing from 8 t o  18 feet .  The dor~mstream end, 10 miles i n  length 
and extending from Central Avenue t o  Skunk Creek, would be a 
trapezoidal ear th  section with a bott,om width ranging from 20 t o  l 
220 feet  and a depth ranging from 8 t o  20 fee t .  The s ide slopes 
of 1 v e r t i c a l  on 2-1/4 horizontal  would be revetted with stone 
underlain by a gravel f i l t e r .  The design capacity of the  channel 
would range From 1,500 t o  18,500 cubic fee t  per second. 

(g) A reinforced-concrete t r ans i t i on  channel and a side- 
channel spi l lway s t ructure  would be constructed a t  the Skunk 
Creek channel t o  assure proper confluence of the  two flows, 
Nine bridges would be required - one each a t  7 th  Street ,  Central 
Avenue, 7 th  Avenue, 19th Avenue, Black Canyon Highway, 43rd 
Avenue, 51st Avenue, 59th Avenue, and Northern Avenue, 

(h) Adobe detention basin.--The Adobe detention basin riould 
a. 

be conFtructed on an unnamed t r ibu ta ry  of Skunk Creek, about 
7 miles north of Bell  Road and about 1 mile west of the Black 
Canyon Highway. The embankment would be a compacted-earthfill 
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s t ructure  with a maximum height of about 76 feet  above streambed. 
The c re s t  of t he  dam (elevation 1,561 f e e t )  would have a leilg-th 
of 3,850 fed .  . An unlined millx!ay, e::cavated i n  -roclr '700 f e e t  
north of t he  l e f t  abutment of the embankment, rrould have a con- 
crete  s i l l  with a length of 250 f ee t  a t  elevation 1,542 fee t .  
The spillxray would be designed t o  pass a spillway-design flood 
having a peak ilischa'rge of 105,000 cubic f ee t  per second with 5 
fee t  of freeboard. The ou t l e t  would be an 8-f0o.t-diameter ungated 
reinforced-concrete conduit located through the embanlunent near 
the  r i gh t  abutment, The capacity of t'ne ou t le t  would be 2,000 
cubic feet  @er second rritll the  water surface a t  the spillway c res t .  
The detkn-hton basin would have a capacity of 19,400 a c r e - f e d ,  of 
which 5,500 acre-feet  would be allocated for  tile accumulation of 
sediment over a 100-year period. The detention basin. trould reduce 
a standard project  flood v i t h  a peak inflow of 50,000 cubic I'ee'c 
per second t o  an outfloti of 2,000 cubic fee t  per second. 

( i )  A diversion channel about 2-l/2 miles long Would be ex- 
cavatzd i n  ear th  t o  diveri; a standard. isro ject  flood on Skunk Creek 
t o  the  Adobe detention-basin area.  The channel ~ o u l U  be loca-Led 
wit11 i ts  donils'Lream end about 5,000 fee t  north of tile l e f t  abutinen-t 
of the  main embankment. The downstrean enr? of the  diversion 
channel would be just  above tine water surface of the standard 
project  flood i n  t'ne detention basin. A revetted ear th  levee s e t  
back 100 f e e t  Prom the channel urould prevent the standard project  
flood Prorn bypassing tile detention basin under adverse channel 
conditions. Construction of the diversion channel would require 
construction of a bridge for  'the Black Canyon Iiighrray. 

(2)  g l <  Creek channel.--The Skunk Creek concrete-lined 
trapezoidal channel would be constructed along SlrunB Creek from 
a point jus t  upstream from the ou t l e t  of the  Union I i i l l s  
diversion channel downstream t o  a confluence with the New River, 
a distance of about 6-1/2 miles. The design capacity of the  
channel would range from 24,400 t o  41,400 cubic f ee t  per second, 
The channel would. have base widths ranging from 15 t o  4-0 feet  
and depths ranging from 10 t o  23 fee t .  The side slopes would be 
1 v e r t i c a l  on 2-1/4 horizontal. Three bridges would be required - 
one each a t  59th Avenue, Bell  Road, and 83rd Avenue; and about 
2,000 f ee t  of Union Hi l l s  Drive would be relocated. 

(5) The i n l e t  for  the  channel would consist of a concrete- 
l ined t rans i t ion .  Two wing levees - each about 1,500 f ee t  long, 
with stone facing, and extending t o  high ground on the l e f t  and 
righC hanks - wbula t r a in  the flow t o  the t r ans i t i on ,  Downstream 
from the Arizona Carnal confluence, the  channel -  with a base 
width of 40 f ee t  - would end i n  a stone-lined t r ans i t i on  tna t  
would a c t  as  an energy diss ipator  t o  reduce velocity of flows 
entering the New Xi-ver channel. The maximum depth i n  the con- 
crete  channel of 21 fee t  and the ma::inlu~n veloci ty  of 31 fee t  per 
second t,ro'ou!.d be reduced by the stone-lined ou t l e t  bransit ion t o  
7 feet  and -to 15 fee t  per second, res9ectively. 
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(1) Nev River detention basin. --The New River detention basin 
would-be constructed on the Newxver  about 8 miles upstream froin 
the confluence with Skunk Creek. The main embankment would be a 
compacted-earthfill s t ructure  l ~ i t h  a maximum height of about 80 
fee t  above streambed. The c res t  of the  embankment (elevation 1,474 
f ee t )  would be 2,700 f ee t  long. An ualined spilhray, excavated i n  
rock 1,600 fee t  east  of the  l e f t  abutinent of t he  main embankment, 
would have a concrete s i l l  with a length of 800 fee t  a t  elevation 
1,458 fee t .  The spillr,ray would be designed t o  pass a spilltray- 
design flood having a peak discharge of 128,000 cubic f ee t  per 
second with 5-112 fee t  of freeboard. The ou t l e t  would be a 6-foot- 
diameter ungated reinforced-concrete conduit located under the main 
embankment near the r i gh t  abutment. The capacity of the ou t l e t  
works would be 1,000 cubic feet  per second with the water surface 
a t  the  spillway c res t .  An e a r t h f i l l  dike, about 7,000 f ee t  north- 
west of the  r i gh t  abutinent of the main embankment, would be required 
along the west edge of the  detention-basin area t o  confine the 
design flood. The dike 1.1ould have a c r e s t  length of 4,900 feet  
and a maximum height of 22 fee t .  The detention basin would have a 
capacity of 39,500 acre-feet ,  of which 10,000 acre-feet  would be 
allocated for  the accumulal;ion of sediment over a 100-year period. 
The detention basin would reduce a standard project  flood with a 
peak inflow of 60,000 cubic f ee t  per second t o  an outflow of 1,000 
cubic f ee t  per second. 

(tn) New River channel improvement. --The improved channel for  
the  New River would extend from the mouth of Skunk Creek downstream 
t o  t he  confluence with the Agua Fria  River, a distance of about 
8 miles. The channel, .which would be excavated i n  earth,  would 
have revetted s ide slopes. The channel rrould be a trapezoidal 
section wit11 bottom widths ranging from 400 t o  800 f ee t  and depths 
ranging from 8-112 t o  11 fee t .  The design capacity of  tke  channel 
would range from 53,400 cubic f ee t  per second a t  the  U.S. Highway 
No. 60 crossing of the channel t o  58,000 cubic feet  per second a t  
the  mouth of the  New River. The Sante Fe ra i l road,  the  U.S. 
Highway No. 60, and the Glendale Avenue bridges would require 
invdification. Four dip  crossings rrould be required - one each a t  
Thunderbird Road and Peoria, No~thern, and Olive Avenues. 

(n) Agua Fria  channel improvement.--An excavated ear th  
channel rrould be constructed i n  the  Agua Fria  River for  a 
distance of 7-l/2 miles from the mouth of the New River t o  a 
point about 2 miles downstream (south) of the  bridge for  U.S. 
Highway No. 80. The channel, which r,~ould be trapezoidal i n  cross 
section, would be l ined r,rith stone on the s ide slopes. The 
channel would have base widths ranging from 800 t o  1,500 f ee t  and 
depths ranging from 8-1/2 t o  10 fee-b. The design capacity of the  
channel would range from 70,000 t o  7h,000 cubic f ee t  per second. 



The channel invert  under the bridges rrould be protected with dumped 
stone. The channel terminus would be pro'cec'ced against scour b:! a 

dumped-stone apron. About 112 mile of E l  Mirage Road would be 
relocated,and four dip crossings would be required - one each a t  
Van Buren S t ree t  and at  Indian School, Thomas, and McDowell Roads. 

MUTIPLE-FURPOSE Fl3ATWRES 

77. Uiider present conditions,  rater supplies a r e  liinited t o  
the  na tura l  flows of the  streams under consideratioil. As a resu l t ,  
storage for water conservation or  \raterpo'rer could not be just i f ied;  
and fish-and-wildlife o r  recreat ional  f a c i l i t i e s  t ha t  could be 
developed xrould be minor and probably could not be just i f ied 
because of t he  low average annual y ie ld  of the  streams involved and 
the high evaporation and large i n f i l t r a t i o n  losses t h a t  ~rould 
occur i i l  the  reservoir  areas. Under present conditions, recrea- 
t i ona l  development a t  the detention basins probably would be 
limited t o  land-based recreation - such a s  day camping, picniclr- 
ing, r iding,  and hiliing. Such recreat ional  facili'cies - i f  
desired by loca l  i i t e r e s t s  - would be constructed, operated, and 
maintained by loca l  i n t e r e s t s  so a s  t o  be compatible with the 
project  purpose. 

78. FIowever, the Granite Reef aqueduct of the Central 
Arizona project  proposed by the Bureau of Reclamation rrould cross 
tne  Ne?P lii-rei,, S:iuiils Creelr, and Cave Creel: i n  the  v i c in i ty  
of the proposed detention basins. A de f in i t e  location for  t h i s  
aqueduct has not been determined and a l l  features of the  Bwreau 
project  have not been finned. Vith the importation of Colorado 
River water t o  the area, the proposed detention basins probably 
could be adapted for  multiple-purpose use ~ r i t h  mutual advantages 
for  the aqueduct f a c i l i t i e s  of the Central Arizona project;  for 
those future municipal r.~ater-supply treatment and d is t r ibu t ion  
f a c i l i t i e s  of t he  ci'cy of Phoenix t h a t  ~iould be supplied by 
the Central Arizona project; fo r  the  recreat ional  plans of the 
Maricopa County Parks and Recreation Department; and for  the 
fish-and-wildlife f a c i l i t i e s  t o  be developed joint ly  by the 
Arizona Game and Fish Depar'cment and the U. S. Burea.d of Sport 
Fisheries and Wildlife. detai led s tudies  of fish-and-wildlife 
or recreat ional  f a c i l i t i e s  ?rere, therefore, made under present 
water-supply conditions. The addit ion of such f a d  l i t i e s  wouLd 
not appreciably change the overa l l  conclusions of  the  report .  
Modification of the  improvements recommended i n  t h i s  report  
would be made i n  the defini-Le-projec-t studies a r t e r  the  Cen.tral 
Arizona.project plans a r e  firmed, a2d upoil deterinination of the 
economic jus t i f ica t ion  of the addit ional f aC i l i t i e s  required. 
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79. The recommended plan could a l so  be modified t o  permit 
some floodflows t o  be delivered t o  exis t ing canals dorinstrearn 
from the improvemnents or  t o  water-spreading areas i f  loca l  
i n t e r e s t s  des i re  such f a c i l i t i e s .  The modification could be 
made a t  such time as  desired by those using agencies of loca l  
in te res t s  t h a t  would be will ing t o  pay the added expense. A l l  
lands for construction of improveinelits under the  recommended plan 
would be supplied by loca l  in te res t s .  These lands would be admin- 
is tered by loca l  i n t e r e s t s  i n  connection with t h e i r  operation and 
maintenance of the  project .  

ESTIMATES OF FIRST COST AND ANNUAL CHARGES 

80. Estimates of f i r s t  cost.--The estimated f i r s t  cost  of the 
improvements include expenditures for  construction of four deten- - - 
t i on  basins and seven channel improvements; for  relocation o r  
modification of roads, u t i l i t i e s ,  and bridges; and for  acquis i t ion 
of rights-of-way. Estimates of cost were based on pr ices  prevail-  
ing i n  October 1963. Allowances \rere made for  t he  cost of engi- 
neering, overhead, inspection, and contingencies. 

01. Details  of the  estimated f i r s t  cost of the improvements 
under the  recommended plan are  given i n  appendix 3. A surnmary 
of these costs  i s  given i n  the  follo~!irig t ab l e :  

Estimated first costs of improvements under the  recommended plan, --- 
Phoen'lx, Ariz . , a,xd v i c i n i t y ~ d i ~ e T ~ T a s e d o i l  -. -- 
October 1963 prices - 

d 

Unit ImQrovement : Federal : Non-Federal : Total  
: f i r s t  cost : f i r s t  cost : rirst cost* 

Cave Buttes d e t e ~ t i o n  : 
b a s h . .  . . . . . . . . . . . . . . . .  : 

Cave Creek channel ....... : 
Union Hi l l s  diversion : 

channel ................ : 
Dreainy Draw detention : 

basin. .  . . . . . . . . . . . . . . .  .: 
..... Dreamy Drav cnanilel. : 

Arizona Canal diversion : 
channel ................ : 

Adobe detention basin  : 
and channel............: .... Skunlr Creelc channel.. : 

460,000 
goo, ooo 

$6 Coes not include $275,000 expended for  preaut;iorization 
studies.  



. Federal : Non-Federal : Total  Unit O f  Improvement f i r s t  cost : first cost  : first cost* I 
New River detention 

basin.. ................ : <;2,900,000 : $480,000 1 $3,380,000 
New and Aguu Fria  Rivers : 

channel improvements.. . : - 17,800,000 3,400,000 1 21,200,000 

Total.. ............. : 59,680,000 : 11,120,000 : 7 0 ~ ~ 0 0 , 0 0 0  

* Does not include $275,000 expended for preauthorization 
s tudies .  

82. Estimates of annual charges.--The estimates of' annual --- 
charges fbr the improvements considered i n  t h i s  report  r e f l e c t  
( a )  i n t e r e s t  on the  t o t a l  investment, (2)  amortization of the  
t z t a l  investment i n  100 years, and ( c )  average annual costs of 
maintenance and operation. The annv.al cha:rges were computed by 
using a 3-percent i n t e r e s t  r a t e  on both the Federal and non- 
Federal investments. Because the non-Federal i n t e r e s t  r a t e  used 
is l e s s  than the  f a i r  r a t e  of re turn (6 percent) of land i n  the  
area, an adjustment of 3 percent was made for  the  net  loss  of 
productivity of l and . to  be used for  the improvement. 

83. In t e r e s t  during construction was based on t l i j  estimated 
time of construction of each item i n  the improvement plan a s  
shown i n  appendix 3. No in t e re s t  was charged for  items with a 
construction period of 1 year o r  for  the channels along the 
Agua Fria  and the New Rivers and along Slsunk Creek. It rras 
considered t h a t  benef i ts  rrould accrue t o  these items a s  con- 
s t ruct ion proceeded. In t e r e s t  on the other items was charged 
a t  3 percent.. 

84. ~ s t i m a t e s  of investments and of  a.veraae annual 1 - 
charges f a r  the  recoinmended plan are  given i n  the  following 
table:  L 



Estimated t o t a l  investment and annual charges, improvements under -- 
recommended plan, Phoenix, Ariz . , and v i c in i ty  ( including New 
River) based on October 1963 prices 

(a) Federal investment : .............. ............. (1) F i r s t  cost.,  .. $59,680,000 ............ (2 )  In te res t  d.uring coilstructiori.. - 1,210,000 

............ (3) Total  Federal investment.. -- 60,890,000 

(b) - Federal annual charges : ...... (1) Inte res t ,  3 percent on item ( a )  (3) .  1,827,000 
(2) Amortization of Federal inveszment i n  

100 years a t  3 percent, 0.001647 times 
item ( a )  (3).  ...................... .. .. - 100,000 

........ (3)  Total  Federal annual charges.. 1,921,000 -. --- 

( 2 )  Non-Federal investment: .............................. (1) Fi r s t  cost..  11,120,COO 
(2) In te res t  during construction.. ............ 510,000 

........ (3) Total  non-Federal investment.. 11,630,000 

(d) Non-Federal annual charges : ...... - (1) Inte res t ,  3 percent of item (c )  (3) .  350,000 
(2) Amortization of non-Federal iiivestment i n  

LOO years a t  3 percent, 0.001647 times 
item (c )  (3).  ........................... 13,000 

(3) Net loss-of productivity of land (.06-.03) 
i;irnes cost of rights-of-way not including 
acquis i t ion costs....................... 212,000 

(4) Maintenailce and operation.. ............... 228,000 

(5)  Total  non-Federal annual charges...... - 809,000 ---- 

(5)  Total  annual charges : ................................. 1,927,000 
809,000 

................ Total  annual charges.. 2,736,000 
Say.. ................................. 2,740,000 



ESTIMATE OF BENEFITS 

85. Tangible benefits.--Tangible benef i ts  would accrue from 
the prevention of flood damages under the recommended plan of 
improvement. I n  addition, benefits  would a l so  accrue t o  the  recom- 
mended improvements from an increase i n  the  u t i l i z a t i o n  of land i n  
the overflow area. No benefits  Yrom water conservation, hydro- 
e l e c t r i c  power, or  water-based recreation would r e su l t  from the 
improvements. Additional information on the development of 
benefits  is given i n  appendix 4. Pertinent information on tangible 
benefits  i s  given i n  the following subparagraphs. 

(a) Benefits froill flood danages prevented.--Construction of 
improvements under the  recommended plan would provide a high degree 
of protection t o  lands and improvements along Dreamy Draw, Cave 
Creek, and Slsunk Creek, along the New River and the Agua Fria River, 
and t o  property subject t o  sheet flow originating i n  the lower Deer 
Valley area.  'Those floodflows up t o  the  capacity of the  channels 
t h a t  or iginate  upstream from the Arizona Canal (from 12th Street  t o  
the  New ~ i v e r )  and upstream from the Union H i l l s  channel (from 
about 40th S t ree t  t o  Slcunk Creek) would be controlled and conveyed 
t o  the  Gila River. Within the protected area, average annual 
damages prevented are  estimated a t  about $7,750,000, which is about 
89 percent of the  t o t a l  average annual po ten t ia l  damage. The 
flood-control channels would a l so  provide ou t le t s  for  a l l  storm- 
drainage worlrs t h a t  may be constructed by loca l  i n t e r e s t s  i n  the 
area.  

(1) Benefits from increased u t i l i z a t i o n  of land. --Benefits 
from increased u t i l i z a t i o n  of land were estimated t o  accrue t o  
about 1,840 acres of land i n  the  overflow area of Cave Creek, 
generally eas t  of the  main stream and south of Bel l  Road. This 
area, about 2-112 miles long and 1 mile wide, i s  presently deser t  
land dissected by numerous washes and i s  not sui table  for  develop- 
ment without substant ia l  expenditures for  flood control .  To 
provide protection from even small floods, large amunts  of f i l l  
material  would be required t o  bring bui3.diag f loor  levels  above 
flood level .  Even with such f i l l i n g ,  the  area would s t i l l  be 
subject t o  damage from larger  floods. 

( c )  With flood protection, t h i s  area  would be ~ u i t a b l e  for  
resideEtia1 and commercial development similar t o  such development 
i n  other areas  nearby. Although a l te rna t ive  locations now ex i s t  
fo r  the  development expected on t h i s  land, it i s  considered t h a t  
the rapid and continuing growth of the Phoenix metropolitan area 
w i l l  require the complete u t i l i za t ion  of the  exis t ing land resources 
over t he  next 20 years. The land-enhancement benefits  accruing 
from the proposed improvement would be the difference between the 
market value of the  unimproved land i f  a l l  informed buyers and 
s e l l e r s  expected no flood protection and the market value of the  
unimproved land if a l l  informed buyers and s e l l e r s  expected flood 
protection. 
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(d) Detailed studies were made of the  value of land - both 
inside and outside the area - t h a t  would be protected by the  pro- 
posed imnprovement. It i s  estimated tha t  .the land would increase 
i n  value from an average of $2,500 per acre under present conditions 
t o  $8,000 per acre with flood control, an increase of $5,500 per 
acre. It is estimated t h a t  the land would reach complete develop- 
ment within 20 years; the  t o t a l  increase of value i s  estimated a t  
$10,100,000. The annual re turn a t  6 percent in te res t ,  on the 
present worth of the  land-value increase due t o  estimated land 
enhancement, would be the average annual land-enhancement benefit ,  
which was computed t o  be $460,000. 

86. Intangible benefits .  --Many benef i ts  not susceptible of 
monetary evaluation would accrue from the operation of the improve- 
ments considered i n  t h i s  report. Such benef i ts  would include 
reduction of the  danger of l o s s  of l i f e  from floods. Loss of l i f e  
has occurred i n  the Phoenix area i n  previous floods and, with the 
rapidly increasing development i n  t he  overflow area, the  danger of 
loss  of l i f e  i s  increasing. 

87. Other intangible benefits  would r e s u l t  from (a )  the  
prevention of such interruption of services from the ~ rTzona  Canal 
a s  would occur when the canal is  emptied t o  perform flood-control 
diversion during rainstorms o r  i s  breeched by floodflows; (2) the  
reduction of epidemics caused by flood damages t o  sewer and water 
systems; ( c )  the  prevention of interruptions t o  t r a f f i c ,  business 
transactioiis, public u t i l i t i e s ,  home l i f e ,  and school and other 
normal colrrnunity ac t iv i t i e s ;  and (d) tile preservation of commu- 
n i ty  morale by reducing the fear 07 floods i n  the  overflow areas.  

88. Summary of tangible benefits.--The average annual 
tangible benefits  t h a t  would accrue under the recommended plan 
of improvement a r e  summarized i n  the  following tab le :  

Average annual benef i ts  from 
flood damages prevented.. ............. .$7,750,000 

Average annual benef i ts  from ........ increased u t i l i z a t i o n  of land.. 460,000 

Total  average annual tangible 
benef i ts  from recommended 
improvements.. ......................... 8,210,000 



PROJECT FORMUIATION AND JUSTIFICATION 

89. Sumnary of economics.--A summary of  the  economics of the  

recommended plan of improvement i s  given i n  the  following table:  

Summary of economics for  improvements under recommended plan for  
Phoenix, Ariz., and v i c in i ty  (including New River) 

Item : Value 

................... Total  f i rst  cost  (October 1963). : $70,800,000 ............................. Total  annual charges.. : 2,740,000 
*8,210,000 Average annualbenefits............................ . ....................... Benefit-cost ra t io . . . . . . . . . .  : 3.0 t o  1 

Intangible benef i t s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :  Large 

* Comprisirig $7,'j50,000 for flood dainages prevented and $460,000 
for  increased u t i l i z a t i o n  of land. 

90. Project  formulation.--Construction of the improvements 
recommended i n  t h i s  report  would provide feasible and jus t i f iab le  
protection t o  a par t  of metropolitan Phoenix. The area includes an 
intensively developed r e s iden t i a l  and commercial section along 
Cave Creek between the Arizona Canal and the Sa l t  River; a rapidly 
developing r e s iden t i a l  and commercial area  along Cave Creek between 
Bel l  Road and the Arizona Canal; agr icu l tura l  development along 
Skunk Creek, along the Nev River, and along the lower Agua Fria  
River; and r e s iden t i a l  and commercial development i n  the commu- 
n i t i e s  of Peoria and Avondale, which a re  on the New River and the 
Agua Fria  River, respectively. 

91. The p ~ ~ o j e c t  was formulated t o  control  a s  much of the  
floodflow as  possible i n  tile drainage area involved, t o  d iver t  
res idual  f101.r~ i n  Deer Valley and Cave Creek t o  Skunk Creek, and. 
t o  improve Skunk Creek and the  New and the Agua Wia  Rivers so 
t h a t  they can carry these res idual  flows t o  an adequate point of 
disposal. The recommended detention basins were designed t o  con- 
t r o l  a standtsrd project  flood. The diversion channels and other 
improved channels would control  a l l  floods up t o  a design flood, 
which is expected t o  occur on an average of about once i n  every 
100 years. Floods of these magnitudes, although only about 46 
percent of the  uncontrolled standard project  flood, a r e  larger  
than any known flood on record i n  the metropolitan area.  The 
capacit ies of the recommended channels ?~ould be considerably 
more than the nondamaging capacity of the exis t ing washes. 

92. Selection of the magnitude of the  design flood for 
the  recommended improvements was based on economic factors and 
on the desired degree of :protection -to be provided. The hazards 
of loss  of l i f e  i n  areas d i r ec t ly  downstream from the detention 
basins and the e f fec t s  of disruption of community a c t i v i t i e s  
on the occurrence of floods a r e  great  and support the  need for  a 
high d e g ~ e e  of protection i n  the  overflo5r areas t o  be protected 
by these improvements. The de-tention basins control  floodflows 
on the major streams i n  the area. It i s  essen t ia l  t o  control  as  
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much of such flows as  possible so a s  t o  decrease the res idual  flotls 
downstream from the detention basins. The detention basins were, a 
therefore, designed for  a standard project  Blood. The capacity of 
t he  reconmended channels through the urban areas irould be exceeded 
only on infrequent i a te rva ls ,  and addi t ional  flood-control benefits  
developed by increasing the design discharge from t h a t  o f  a 100-year 
flood t o  t h a t  of a standard project  flood would amount t o  only 
:1;175,000 annually, which is l e s s  than 3 percent of the  t o t a l  average @ 
annual benef i ts  resul t ing from flood damage prevented under the  
recolriinended plan. The channels through the urban areas have design 
capacit ies t ha t  a r e  adequate t o  carry the outfloris rrom the  deten- 
t ion basins and, i n  addition, t o  control  Lhe runoff equal t o  the 
magnitude of a 100-year flood from the areas downs-tream from the 
detension basins. The channels would be entrenched, thus eliminat- • 
ing the need f o r  levees - whose rupture irould create  destructive 
flows. I n  the event of a flood exceeding the capacity of the  
channels, overflow rrould be a t  shallor,~ depths and modest veloci t ies .  
In  addition, the  overflovi would not be destructive and should resul t  
i n  l i t t l e  or  no th rea t  t o  l i f e .  Increasing the design dischai-ge 
beyond tha t  need i n  t h i s  report  could not be jus t i f ied  by the  re la -  
t i v e l y  small addi t ional  average annual damages t h a t  would be pre- 
vented. The degree of protection t o  be provided is considered 
reasonable i n  ligll'c of the  present and fbture  development expected 
i n  the area.  

93. Local i n t e r e s t s  expressed agreement with the recommended 0 
plan i n  t h a t  it meets the  needs for flood control  i n  tile northwest 
a id  vest  pa r t  of the  Phoenix metropolitan area. 

94. The recommended plan would prevent about 89 percent of 
the  t o t a l  average annual damages i n  the  overflori areas along Dreamy 
Draw, Cave Creek, Sicunk Creels, the  New River, and the Agua Pria  * 
River. Most of the  res idual  damages rrould r e s u l t  froill excessive 
flows or iginat ing dormsi;ream from the proposed worlss. It is essen- 
t i a l  t h a t  l oca l  i n t e r e s t s  continue t o  construct storm-drain 
improvements for  t he  control  of loca l  storm vaters  . The recommended 
channel inlprovements, par t icu la r ly  the  channels i n  the  New and the 
Agua FTia Rivers, would provide a major ou t l e t  for  a l oca l  storin- '8 
drain system. 

95. As discussed under a preceding heading "Multiple-Furpose 
Features," consideration was given t o  the  development of fish-and- 
~ r i l d l i f e  and recreat ional  f a c i l i t i e s  a t  the  proposed detent ion- ,  
basin s i t e s .  Alt'nough these f a c i l i t i e s  apparently are  not 
jus t i f ied  under present conditions of streamflow, they probably 

a* 
could be incorporated in to  the project  plans irith the  importation 
of water from the  Colorado River, a s  proposed by the Bureau of 
Reclamation's Central Arizona project .  

96. Such addi t ional  information on the recommended plan a s  
cal led for by Senate Resolution 14C, 85th Congress, 2d session, 
adopted on January 28, 1958, i s  contained i n  a supplement t o  t h i s  
report .  
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RELATIONSHIP OF P23CObPENDED PISAN TO COPIPREHENSIVE; BASIN PLAN 

97. The improvements recommended i n  t h i s  report would be an 
integral  par t  of the comprehensive plan fo r  flood control i n  the 
Phoenix metropolitan area, which i n  turn  would be an integral  par t  
of the comprehensive basin plan fo r  t,he Gila River basin, a uni t  
of the  Colorado River basin. 

90. The recommended improvement would a l lev ia te  a serious 
loca l  flood problem within the  rapidly growing Phoenix metropolitan 
area. It would ( a )  provide economically jus t i f ied  flood protection 
fo r  overflow areas  along Dreamy Draw,  Cave Creek, Skunk Creek, the 
New River, the Agua Fr ia  River, and fo r  several unnamed t r ibu tary  
washes and (b) permit higher u t i l i za t ion  of about 1,"140 acres of 
land needed f o r  res ident ia l  and commercial development in  the 
rapidly expanding area of Deer Valley, eas t  of the main CaveCreek 
channel. Removal of the  flood hazard by the recommended improve- 
ments would also permit optimum development of the  remaining open 
areas i n  t h i s  fast-growing area.  The flood problem i n  the Phoenix 
metropolitan area is not interconnected with flood problems i n  
other par ts  of the  Gila River basin. 

99. The proposed Central Arizona project of the Bureau of 
Reclamation includes an aqueduct t h a t  would pass through the Cave 
Creek, Skunk Creek, and the New River drainage areas. To provide 
flood protection t o  the aqued-uct, the  Bureau i s  considering protec- 
t i v e  works upstream from the  aqueduct. The exact location of the  
aqueduct o r  the required protective worlis has not been determined. 
Should the  Central Arizona project be authorized by Congress, the 
required flood-protective works would be coordinated with the 
recommended plan and integrated in to  the comprehensive plan for  
the  area.  

100. The recommended plan would provide needed flood protec- 
t i on  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 
would be lessened considerably with resul tant  beneficial  e f fec ts  
on the economy and morale of the valley. In  addition, several 
elements of the  plan could be used as  out le t  channels for  storm 
drains constructed by loca l  in te res t s .  

PROPOSED LOCAL COOPERATION 

101. The loca l  cooperation tha t  would be required for  the 
project i s  based on t h e  requirements of applicable laws. As a 
requis i te  t o  construction of improvements by the  United States  
under the recommended plan, responsible loca l  in te res t s  would be 
requi.red t o  : 



noted that the Granite Reef aqueduct of the Central Arizona project, 
proposed by the Bureau of Reclamation, would cross the New River and 
Skunk and Cave Creeks. The Bureau further expressed the opinion 
that these proposed flood-control facilities could be adapted for 
multiple-purpose use with mutual advantages for the Central Arizona 
project aqueduct facilities; for the future municipal water-supply 
treatment and distribution facilities of the city of Phoenix, to be 
supplied from the proposed Central Arizona project; and for the 
recreational plans of the Maricopa County Parks and Recreation 
Department. The Bureau indicated that, after the Central Arizona 0 
Project aqueduct plans are firmed, any conflict in location between 
the features of the Central Arizona project and the flood-control 
program proposed in this interim report would be adjusted and the 
best overall plan adopted by all interested parties. 

(2 )  The U.S. Fish and Wildlife Service agreed that the improve- 
ments proposed in this report would provide a large measure of flood 
protection to portions or metropolitan Phoenix. The Service con- 
cluded that the project would result in some wildlife-habitat losses 
that would be compensated, in part, by increased amounts of wildlife- 
food plants in the floodwater-detention basins and that no hunting 
benefits would be realized. The Service recommended that additional 
study be made to determine the feasibility of including provision 
for future storage in the Adobe, the Cave Buttes, and the lower 
New River detention basins for development of fishery pools. In 
reply, the U.S. Army Engineer District, Los Angeles, presented the 
information now included under a preceding heading "Multiple- 
Purpose Features ." The Service was also advised that serious consid- 
eration would be given in developing detailed plans to providing a 
minimum disturbance of trees and shrubs, as recommended in their 
report. 

(r) The Federal Power Commission indicated that the develop- 
ment of hydroelectric power in connection with the proposed improve- 
ments would not be economically feasible. 

(g)  The U.S. Forest Service found that approximately 30 percent 
of the drainage area upstream from the proposed flood-control struc- 
tures is within the Tonto and Prescott National Forests. The Service 
noted that their management of those lands is a vital part of the 
overall flood-prevention effort and would enhance the value of the 
proposed flood-control project. m -  

(&) The National Park Service was pleased to learn that, 
although water-based recreation is not a purpose of the project, 
some recreational development and use of the project area could be 
made by local interests. The Service also stated that, if the 
project is authorized, arrangements would be made for an archeo- 
logical survey and necessary salvage. 
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(I) The U.S. Public Health Service recommended cer ta in  prin- 
c iples  and pract ices  i n  the  design, construction, operation, and 
maintenance of the  proposed project  t o  minimize conditions t h a t  
would increase populations of mosquitoes. The Service a l so  made 
recommendations regarding the  relocation of water mains and the  
treatment of wells. These recommendations ~rould be considered i n  
l a t e r  s tudies  and during construction of the  project .  

(2) The area hydrologic engineer of the  U .S. Weather Bureau 
indicated t ha t ,  because of the  e r r a t i c  nature o i  flash-flood- 
producing storms and the  l imited time between r a i n f a l l  and runoff, 
it would be impracticable t o  provide adequate warning service of 
possible f loods.  He fur ther  indicated t h a t  the  recommended project  
should provide needed protection from serious flooding i n  the  metro- 
pol i tan Fhoeni:: area.  

(5) The Arizona Game and Fish Department pointed out t h a t  
some provision should be made i n  i n i t i a l  planning t o  allow for  
future  consideration and possible expansion of f i s h  and wi ld l i fe  
i n  the  event a conservation pool is feas ib le .  The Department indi-  
cated t h a t  the  pos s ib i l i t y  of water-conservation storage i n  the  
Cave Buttes and the  New River detention basins should not be over- 
looked. The Department a l so  expressed concern regarding the  elimi- 
nation of vegetative growth and subsequent wi ldl i fe-habi ta t  losses  
within t he  detention basins and along the  water courses; i n  reply, 
the  U.S. Army Engineer D i s t r i c t ,  Los Angeles, indicated t h a t  serious 
consideration would be given i n  the  development of de ta i led  plans 
t o  provide a minimum disturbance of t r e e s  and shrubs. I n  reply t o  
t he  other comments of the  Department, the  U.S. Army Engineer D i s t r i c t ,  
Los Angeles, presented information t h a t  i s  included under a preceding 
heading "Multiple-Purpose Features. " 

(1) The representative of the  Governor of Arizona fo r  flood- 
control  matters concurred with t he  recommendation a s  expressed i n  
t h i s  repor t .  He indicated t h a t  the  project  has been shown t o  be 
economically feas ib le  and conforms t o  the  i n t e r e s t s  and needs of t he  
Woenix area. He s ta ted  t h a t  t he  S ta te  Land Depar-tment would 
cooperate with l o c a l  i n t e r e s t s  i n  obtaining rights-of-way f o r  the  
project  and t h a t  the  Arizona Highway Department would cooperate i n  
the  preparation of plans f o r  proposed crossings of S ta te  highways. 
He pointed out, however, t h a t  the  Arizona Game and Fish Department 
is concerned over the  e f fec t  of the  program on wi ld l i f e  and i s  
in teres ted i n  the  development of recreat ional  areas .  With reference 
t o  the  wi ld l i fe  and recreat ional  aspects of the  program, the  reply 
of the  U.S. Army Zngineer D i s t r i c t ,  Los Angeles, presented informa- 
t i o n  t h a t  i s  included under a preceding heading "Multiple-Purpose 
Features." 

(g) The Department of Water Resources of the  Resources Agency 
of the  S ta te  of California and the  Colorado River Board of California 
indicated t h a t  t he  i n t e x s t  of the  S ta te  of California i n  the  Colorado 
River would. not appear t o  be prejud.iced by the  p~.oposed developments. 
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H Y D R O L O G Y  

PHOENIX, A R ~ Z . ,  AND V I C I N I T Y  (INCLUDING NEN RIVER) 
GILA RIVER BASIN, ARIZ. AND N. MEX. 

SCOPE 

1. This appendix contains descriptions of studies made t o  deter- 
mine the standard project  flood and t o  estimate the maximum probable 
flood and sediment storage per t inent  t o  the  flood-control planning 
discussed i n  the main report .  The boundaries of the drainage area and 
drainage subareas and the recclrnmended detention basin:;, channel imnprove- 
fiients, and divprsions are sl~cirln oc pla tes  1 anri %. Locations :?or which 
standard project  floods were determined the locations :Tor which 
estimates of maximum probable flood and sediment storage were made are  
given i n  the following table: 

Pertinent information cr. esc::tates 81; various concer.~ra~:ion pcillts, 
Phoenix, Ari?. , ar.d v i c in i ty  (il~c!.uCir.,: 1:ev River) 

No.* : Location I Drainage I Type of estimate 
- .  . area . 

8 
: Square : 

: Agua F r i a  River: : miles : 
............ 1.. .. : A t  Gila River.. :**2j0 : Peak discharge.# 

2.. .. : Downstream from confluence :**2,gP7o.o : Do .I,. 
with New River. 

: New River: 
3. . . . :  A t  Agua Fr ia  River.. ....... : 
4.. ... : A t  U.S. Highway No. 60.. ... : 
5. .  ..: Downstream from confluence : 

with Skunk Creek. 
6.. .. : A t  New River detention 

basin. 
: Skunk Creek: 

7.. .. : Downstream of Arizona 
Can& diversion channel. : 

8....: Uostream of Arizona 

170.0 : Flood hydrographs, 
: sediment storage.## 

an398.0 : Peak discharge.# 

A - 
Canal diversion channel. : 

g. . . . :  Downstream of Union Hi l l s  : ""333.0 : Do .# 
diversion channel. 

lo . . . :  A t  Adobe detention basin. . . :  82.5 : Flood hydrographs, 
: sediment storage.## 

: Union Hi l l s  diversion 
: channel: ........... 11.. . : A t  Skunk Creek.. : x"224.0 : Peak discharge.# 

12. .  . : West of Cave 'Creek.. ....... : *)c214.0 : DO .# 
. 13.. : 3 miles eas t  of Cave Creek. : **12.6 : Do .# 

See 'footnotes a t  end of table .  
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Pertinent information on estimates a t  various concentration points, 
Phoenix, A r i z . ,  and v i c in i ty  (including New River)--continued 

- 

NO.* : Location I Drainage I Type oP estimate . area . 
: Square : 

: Cave Creek: : m i l e s :  
14.. . : A t  Union Hi l l s  diversion : 200.0 : Peak discharge.# 

channel. 
15. .. : Downstream of Cave Buttes : 193.0 : 

detention basin. 
Do.$/ 

15a.. : A t  Cave Buttes deten-tion : 193.0 : Flood hydrographs, 
basin. : sediment storage. {# 

: Arizona Canal diversion 
: channel; 

16..  . : A t  Skunlr Creelr.. ........... : ""49.5 : Peak discharge.# 
17.. .: West of Cave Creek.. ...... .: **29.O : Do .{I 
18.. .: A t  19th Avenue.. .......... .: "6.5 : co .# 

: Dreamy Draw: 
1 .  A t  Arizona Canal. . . . . . . . . . . :  2.7 : DO .:I 
2 0 .  Downstream of Dreamy Draw : 1.3  : Co .# 

detention basin. 
20a..: A t  Dreamy Draw detention : 1.3 : Flood hydrographs, 

basin. : sediment storage ..&f 

* Concentration point numbers; see p l .  2 f o r  location.  
** Assumed contributing drainage area,  including t o t a l  drainage area 

above diversion channels. 
j# Standard-project-flood peak discharge only was required. 
$I# Standard-project- and maximurn-probable-flood hydrographs were 

required. 

GENERAL DESCRIPTION OF DRAINAGE ARE! 

2. Physiographic characteristics.--The Phoenix, Ariz., and 
v i c in i ty  area  (includine: New River) i s  i n  Maricopa and Yava'pai 
counties i n  the centralupart  of ~ r i z o n a  (see pl.-l), and coiiQrises 
approximately 2,610 square miles. The basin i s  generally oval i n  
~ r ~ a p e  with a inaximum length and width of approximately 90 and 45 miles, 
::espectively. Approximately 70 percent of the drainage area i s  moun- 
t-;.. clnous and the remaining 30 percent i s  val ley area. The mountain 
areas are  cllaracterized by rugged t e r r a i n  and steep graaients; the  
lower areas consist  of f a i r l y  f l a t  val ley land with regular a l l uv ia l  
slopes. Elevations i n  the area range from about 7,000 f e e t  above 
mean sea l e v e l  i n  the headwaters t o  about 900 f e e t  a t  the Gila River. 
'The maill streams are the Agua F r i a  and the ldcw Eivers and Skunlc and Cave 
Creeks. The length of the main watercourse, the Agua F r i a  Hiver, i s  
a.p:~roximately 115 miles. The main t r ibutary,  the New River, has a length 



- 

of approximately 48 miles. The gradient of the Agua F r i a  River 
ranges from about 300 f e e t  per  mile i n  the headwa.ters t o  about 
70 f e e t  per mile a t  the  canyonmouth and t o  about 10 f e e t  per  mile 
at  the Gila. River. A s e r i e s  of irariable length, para l le l ,  i n t e rn i t t en t  
streams descend the slopes of the  mountains to  the val ley where, 
i n  many cases, the watercourses a r e  not well defined and the flow 
i s  across the developed val ley areas t o  the Sa l t  and Gila Rivers. 
The val ley area includes the c i t i e s  o f  Phoenix and Glendale and 
several small communities. The suburban developments are  
increasing rapidly.  Streambed p ro f i l e s  above the recommended 
detention basins a r e  shown on p l a t e  3. There i s  not enough topo- 
graphical aata  for  the Dreamy Draw drainage area t o  determine a 
streambed p ro f i l e .  The estimated gradient of the  stream upstream 
of Dreamy Draw detention basin i s  approximately 260 f e e t  per mile. 

3. The rock materials i n  the mountains vary widely.. The 
m a t e r i d s  include fine-grained, coa-se-grained, cmd metamorphosed 
granites,  including gneiss and sch i s t ; .  sandstones, bre'ccias, Nza 
metamorphosed sedimentary rocks; and vmious lava rocks, including 
basal t ,  sndesite, rhyoli te,  volcanic @ass, and nh i t e ' t u f f .  
The s o i l s  are  typical  of desert  and semidesert regions, being 
mostly shallow, rocky, and poorly developed. The s o i l s  i n  the 
mountains are  res idual .  The val ley area occupies a broad p la in  
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 
pa r t s  t o  f i ne  material  i n  the  lower pa r t s  of the  area. The s o i l s  
i n  the lower f o o t h i l l  and val ley areas are  a l l uv ia l  and i n  some 
places are  f a i r l y  well developed. 

4. In  general, the vegetation i s  sparse. Cacti grow through- 
out  the area along with other desert  shrubs on the f a i r l y  leve l  
areas a t  the lower elevations. A few stunted t rees ,  including 
juniper, paloverde, mesquite, ironwood, and scrub oak, are  among 
the shrubs. The vegetation tends to  be thicker along and adjacent 
t o  the  stream courses. Perennial grasses form a negligible p a r t  

'0 of the vegetation, but good covers of annual grasses occur a f t e r  
the  winter ra ins .  The natural  vegetation i s  rapidly being replaced. 
by suburban development, including res ident ia l ,  commercial, and 
industrial. areas i n  the foo th i l l s  and valleys.  

4.  Hydrometeorological characteristics.--The climate i s  

@. 
typ ica l ly  deser t  i n  character, with short, mild winters and long, 
hot summers. High diurnal temperature var ia t ions  are  characteris-  
t i c .  The prevail ing winds a r e  from the eas t  and are  usually l i gh t ,  
although severe windstorms occur a t  ra re  intervals .  The 90-yeax 
(1868-1957) mean annual precipi ta t ion ranges from about 24 inches 
i n  the headwaters t o  about 7 .5 inches i n  the lower portion and 
averages about 14.5 inches. (See p l .  1. ) Precipi ta t ion i s  
divided about equally between the summer and winter seasons. 
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6 .  Three types of storms produce precipi ta t ion i n  the general 
area: general winter storms, general summer storms, and loca l  
thunderstorms. A b r ie f  description of each storm type i s  given i n  
the  following subparagraphs. 

( a )  General winter storms usually occur during the period from 
~ecember t o  March, inclusive.  They or iginate  over the Pacif ic  Ocean 
as a r e su l t  of the interact ion between polar Pacif ic  and t ropical  
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 e c t  orographic influences and 
are  accompanied by widespread precipi ta t ion i n  the form of snow o r  
ra in .  

(b) General summer storms usually occur during the period from 
July t o  September, inclusive.  They are  associated with an inf lux of 
t rop ica l  maritime a i r  originating over the G u l f  of Mexico o r  the  
south Pacif ic  Ocean and entering the area from a sou-theast to  a 
southwest direction.  Usually the inf lux of t rop ica l  a i r  i s  caused 
by the c i rculat ion aroundahigh-pressure area  centered i n  south- 
eastern United States ,  but occasionally it i s  caused by remnants of 
EL t rop ica l  hurricane. General summer storms are often accompanied 
by r e l a t i ve ly  heavy precipi ta t ion over l a rge  areas for  periods up 
t o  24 hours, but showers may continue f o r  as  long as 3 days. 

(g) Local thuncierstorms can occur a t  any time of the year, 
e i ther  during general. storms o r  as i so la ted  phenomena. However, 
they are  most common during the period from July t o  September, 
inclusive, when the basin i s  frequently covered by moist, unstable 
a i r  originating over the Gulf of Mexico. These storms cover com- 
parat ively small areas and r e s u l t  i n  high-intensity precipi ta t ion 
for  durations of 3 hours o r  l e s s .  

7 Runoff charac te r i s t ics . - -Li t t l e  runoff occurs except 
during and immediately following the heavier o rec ia i ta t ion  because - - - A 

climatic and drainage-area character is t ics  are  not conducive t o  
continuous runoff. Because of steep gradients, streamflow i n  the 
mountains increases rapidly i n  response t o  high-intensity precipi-  
ta-tion and causes debris-laden floods with high peaks t h a t  debouch 
onto the val ley p la ins  below. The percentage of impervious area 
i s  increasing appreciably with the rapid suburban development taking 
place i n  the area. Vegetation, being sparse, has negligible e f fec t  
on flood runoff. 

8. Existing s t ructures  affecting runoff.--The Cave Creelr 
flood-control dam (completed i n  1923), which i s  under the jurisdic- 
t i on  of the  Sa l t  River Valley Water Users Association, i s  about 
18 miles north of downtown Phoenix. (see  p l .  1.) The or ig ina l  
reservoir  capacity was approximately 14,000 acre-feet, and i n  1948 
the capacity was estimated a t  11,000 acre-feet .  There i s  no infor- 
mation available on the present capacity. There are  three ou t l e t s  
with a t o t a l  capacity of about 1,600 cubic f ee t  per  second with 
water surface a t  top of the dam. A t  the  present time, one of the 



ou t l e t s  i s  ungated and the other twoa re  blocked. The top eleva- 
t ion  of the  dam i s  1,642 fee t .  The spillway, a naturd. saddle, i s  
i n  the  h i l l s  t o  the eas t  of the dam and has a c r e s t  elevation of 
1,638 fee t .  Cave Creek flood-control dam provides inadequate 
protection against a standard pro jec t  flood due t o  i t s  l imited 
capacity. Lake Pleasant Dam (completed i n  1927), which i s  under 
the jur isdict ion of the Maricopa County Municipal Water Conserva- 

. t ion  Di s t r i c t  No. 1, i s  about 30 miles north-northwest of downtown 
Phoenix. (see p l .  1.) The present capacity a t  elevation 170 f e e t  
(top of ra ised spillway gates) is  approximately 164,000 acre-feet. 
McMicken Dam (completed i n  1956), which was constructed by the 
Corps of Engineers about 25 mi.les northwest of downtown Phoenix 
(see p l .  l), i s  under the jur isdict ion of Maricopa County Municipal 
Water Conservation Di s t r i c t  No. 1. The capacity of the  reservoir  
a t  spillway c re s t  (elevation 1,354 f e e t )  i s  approximately 19,300 
acre-feet. The capacity of the ou t l e t  channel i s  14,000 cubic f e e t  
per  second. There are  several i r r i ga t ion  canals with levees i n  the 
Phoenix area und.er the jur isdict ion of the Sa l t  River Valley Water 
Users Association t h a t  were constructed i n  the  ear ly  1900's. 
(see p l .  2.)  The Arizona and Grand Canals flow through the c i t y  of 
Phoenix, north of and generally pa ra l l e l  to  the Sa l t  River. Their 
capacit ies i n  the v:'.cinity of Cave Creek are  approximately 800 and 
600 cubic f e e t  per  second, respectively. The i r r i ga t ion  c a d s  i n  
the  area intercept  low flows, but have l i t t l e  e f fec t  during high 
flows. Spillways are  usually provided along the canals a t  the 
l a rge r  washes t o  permit excessive floods to  pass over the canals. 

PRECIPITATION ANI) RUNOFF 

9. Precipi ta t ion records.--Precipitation records are  avail-  
able for  approximately 53 prec ip i ta t ion  s ta t ions  3.n and near the  
study area. The longest records a r e  f o r  Prescott ,  which has 
96 years of record during the period1866-1962; and f o r  Phoenix 
Post Office, which has 84 years of record during the period 1876- 
1962, and also a recording-gage record beginning i n  1901. The 
a rea l  coverage of recording prec ip i ta t ion  s ta t ions  i s  inadequate, as 
there  are  only f i ve  act ive s ta t ions  i n  the area. The 90-year 
(1868-1957) mean annual precipi ta t ion f o r  the area (see p l .  1) was 
determined by correla t ing records a t  all precipi ta t ion s ta t ions  i n  
the area t ha t  had 5 o r  more years of record with selected base 
s ta t ions  i n  the  area. The correla t ion was based on simple l i nea r  
regression equations determined by the l e a s t  squares method. 
Pertinent data on precipi ta t ion s ta t ions  are  given i n  tab le  1 and 
s ta t ion  locations a r e  shown on p l a t e  1. 

10. Runoff records.--Runoff records are  available f o r  
10 stream-gaging s ta t ions  ir. an? near the  stu.d.y area. The longest 
record i s  f o r  the s t a t i on  on the Agua Fr ia  River a t  Lake Pleasant 
Dam, Ariz., which has 34 years of record during the period of 
1914-19, 1933-62. Records of discharges duri.ng floods are  
inadequate. 



11. Storms and floods of record.--Historical accounts indi-  
cate t ha t  many dama,qing floods have occurred i n  the Gila River - - 
basin. ~ i z a b i e  floods were produced by the general storms of 
February 1884, February 1891, January 1916, and February-March 1938, 
but available records and estimates of sever i ty  are  insuf f ic ien t  
f o r  detai led analysis for  the study area. General winter storms 
may cause flooding i n  the study area, but the l a rge r  floods gener- 
a l l y  occur during the s u n e r  months as  a r e su l t  of l oca l  thunder- 
storms. Severe l oca l  storms and floods occurred i n  the Phoenix 
area i n  1921, 1935, 1936, 1939, 1943, 1951, 1955, 1956, and 1957. 
Records for  these floods are  scarce as  are  records of other storms 
tha t  may have occurred i n  t ha t  period. Brief descriptions of the 
storms and floods of January 1916, August 3, 1943, August 26-29, 
1951, September 25-26, 1962~ together with the August 19, 1954, 
storm (southeast of phoenix), which was used to develop the 
standard-project-flood hydrology, are  given i n  the following 
silkparagraphs . 

(a) Storms and floods of January 1916.--TWO general winter 
storms occurred over the Gila 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. Eoth 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 Catalina Mountains. The 
senondstorm had another secondary center i n  the area t r ibu ta ry  t o  the 
Agua F r i a  and the iIassaysxpa :iivccs. The f i r s t  storm, which was Of 

broader a rea l  extent than the second, produced the la rger  flood. 
The isohyetal  map on p l a t e  4 shows the area d i s t r ibu t ion  of precipi-  
t a t ion  tha t  occurred between January 1 4  and 2l. Observed t o t a l  
precipi ta t ion a t  Phoenix for the  two storms was only 2.07 inches. 
Ground conditions were conditioned f o r  runoff owing to  the occur- 
rence of precipi ta t ion on January 10-12 and t o  the presence of 
snow cover over much of the mountain area. 

(2)  The maximum discharge of the second flood on the Agua 
F r i a  River at  Lake Pleasant Dam (drainage area, 1,460 square miles) 
was 105,000 cubic f e e t  per  second. On the S a l t  River near Roosevelt, 
17 miles upstream from Roosevelt Dam (drainage area, 4,310 square 
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. 

(2)  Storm and flood of August 3 ,  1943.--The August 3, 1943, 
flood was caused by heavy prec ip i ta t ion  resul t ing from thunder- 
storms over the desert  areas north and east  of Phoenix. Storm 
conditions s ta r ted  on August 1. Late on August 2, a t  Tempe, 2.11 
inches were recorded i n  30 minu'tes. Heavy precipi ta t ion occurred 
ear ly  on August 3. The t o t a l  p rec ip i ta t ion  f o r  August 3 was 2.12 
inches a t  Phoenix, 2.99 inches at  Phoenix Airport, 3.50 inches a t  
Tempe, and 2.63 inches at  Granite Reef Dam. It i s  l i k e l y  t ha t  more 
r a in  than t h i s  f e l l  i n  the  desert  areas to  the north, bu't no 



( )  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. A break i n  the south bank of the 
Arizona Canal i n  the Cave Creek area released water -that ca?-~:::j 
nine breaks i n  the Grand Can& The t o t a l  peak inflow in to  the 
Arizona Canal was estimated a t  30,000 cubic f e e t  per second; i n  
Cave Creek upstream of the Arizona Canal., a t  9,000 cubic f e e t  per  
second; and i n  Indian Bend Wash a t  the Arizona Canal, a t  15,000 
cubic f e e t  oe r  second. 

• (e) Stom. and flood of August26-29, 1951.--A t rop ica l  
hurricane 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 G u l f  of California. This moist a i r  began flowing in to  south- 
western Arizona during the 26th, mostly i n  the v i c in i ty  of Organ 
Pipe Cactus National Monument. By the morning of the 27th, precip- 
i t a t i o n  had become qui te  general over southern and central  Arizona. 
Heavy precipi ta t ion spread northward and northeastward t o  the  
northern border of Arizona by the 29th. Precipi ta t ion continued 
moderate t o  heavy from the 2'7th through the 29th. The storm was 
most severe east  and north of Phoenix. The t o t a l  storm precipi-  
t a t i on  a t  Phoenix was 3.85 inches. Heaviest precipi ta t ion f o r  
the  period was 13.55 inches a t  Crown King and 12.11 inches a t  
Sunflower. About 65 percent of the t o t a l  storm occurred during 
the maximum 24-hour period. The isohyets of the  t o t a l  storm 
precipi ta t ion a re  shown on p l a t e  5. 

(f) An estimate by the U.S. Soi l  Conservation Service based 
on high-water marks a t  numerous breaks i n  the Beardsley Canal i n  
the Trilby Wash area (about 25 miles northwest of phoenix) indicated 
a t o t a l  nonsynchronized flow of about 34,000 cubic f e e t  per  second. 
The volume was estimated a t  10,600 acre-feet. The peak discharge 
a t  Luke A i r  Force Base was estimated a t  5,000 cubic f e e t  per  second 
by the U.S. Geological Survey. No flood estimates are  available 
f o r  the study area. 

(6) Storm and flood of Aumst 19, 1954.--Very moist, warm, 
t rop ica l  a i r  t ha t  originated over the Gulf of Mexico entered 
Arizona and New Mexico from the south during the storm period, 
accompanied by widespread thunderstorm ac t iv i ty .  The storm and 
flood of August 19, 1954, were the most severe of record within 

a the  Queen Creek drainage area, approximately 50 miles east-  
southeast of Phoenix. Precipi ta t ion i n  the  area occurred between 
0100 and about 0900 hours on tkie morning of August 19  i n  the 
Supersti t ion Mountains and Pinal  Mountains areas. The precipi ta-  
t ion  in t ens i t i e s  were high during the f i r s t  3 hours of the  storm. 
Light p rec ip i ta t ion  prevailed generally f o r  another 3 hours. The 
Boyce Thompson South Western Arboretum, about 4 miles west of 
Superior, reported the highest p rec ip i ta t ion  amount of 5.3 inches 
(most of it f a l l i n g  within 3 hours). Florence Junction, about 
1 5  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 precipi ta t ion,  and approximately 1,000 • 
square miles had over 1 inch of precipi ta t ion.  The isnhyets of 
total-storm precipi ta t ion are  shown on p l a t e  6 .  

(h )  Peak discharge a t  the gaging s ta t ion  on Queen Creek a t  
Whitlow Ranch damsite near Superior, A r i z . ,  (drainage area, 
143 square miles) was estimated a t  42,900 cubic f e e t  per  second. l 
No estimate of runoff i s  available f o r  the study area. 

(2) Storm and flood of September 25-26, 1962.--The unusually 
heavy precipitation during the storm was associated with a t rop ica l  

. 
storm originating off the west coast cf lower California. The main 
stream of moist a i r ,  which was about 70 miles wide, passed over • 
Sel l s ,  the lkcson Mountains-Cortaro area, Oracle, and on in to  
New Mexico. Heaviest r a i n  f e l l  during the night of September 25 
and most of September 26. A t o t a l  of 4 inches of precipi ta t ion 
occurred a t  Se l l s  i n  a 10-hour period on September 25 and 26. 
Estimates of depths of '7 inches were made f o r  two locations about 
1'7 and 22 miles west of Tucson. 

( )  Preliminary peak discharges were estimated by the U.S. 
Geological Survey f o r  the Santa Rosa Wash,near Vaiva Vo,.%t 53,000 
cubic f e e t  per  second, and f o r  the  Santa Rosa Wash, a t  S ta te  High- 
way No. 84 between Casa Grande and Stanfield,at  12,800 cubic f e e t  
per  second. No estimate of runoff i s  available for  the  study area. l 

2 Relative magnitude of loca l  storms.--The r e l a t i ve  
sever i ty  of pas t  general storms and loca l  storms i n  the Gila River 
basin was determined by analyzing precipi ta t ion area-depth duration 
relationships.  The analysis i n  the study area showed tha t ,  although 
the t o t a l  precipi ta t ion f o r  general winter storms i s  greater,  the l 
short-time prec ip i ta t ion  in t ens i t i e s  for  the loca l  thunderstorms ii.re 
more c r i t i c a l .  The analyses indicated tha t  the l o c a l  thunderstorm 
would be the c r i t i c a l  flood-producing storms :Tor t,he st:.ldy area. 
The r e l a t i ve  magnitude of precipi ta t ion for  recorded loca l  storms 
i s  bes t  shown by intensity-duration and depth-area curves 
(see  p l .  7).  l 

SYNTHESIS OF STANDARD PROJECT FLOOD 

13. General. --The standard-pro ject-flood discharges were 
developed according to  c r i t e r i a  given i n  EM 1110-2-1411. m e  

14.  Determination of standard pro jec t  storm. --The standard 
proJect  storm for  t he  areas above the selected concentration points  
was determined by evaluation of the most severe regional storm of 
record assumed t o  be c r i t i c a l l y  centered over the  per t inent  area. 
Precipi ta t ion occurring as  snow was not considered to  be a factor  l 
during the standard project  storm, because the most severe 
regional storms occur during the summer. 
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15. Standard pro jec t  storm.--The August 19, 1954, thunder- 
storm t h a t  centered generally i n  the Queen Creek drainage area was 
determined t o  be the storm with the most c r i t i c a l  precjpitatl.on 
fac tors  t ha t  may reasonably be expected t o  occur over the drainage 
area. While the storm l a s t e d  about 6 hours, local. observations 
during the storm indicated tha t  most of the precipi ta t ion f e l l  
during a 3-hour period. The assumption was, theref0re)mad.e t ha t  the 
total. precipi ta t ion amount would f a l l  during a 3-hour period, and 
the standard project  storm was developed accordingly. The fur ther  
assumption was made tha t  during the  p r io r  3-hour period suf f ic ien t  
precipi ta t ion (say 0.5 t o  1 .0  inch) t o  condition the ground for  run- 
off  would occur. The methods used to  determine the precipi ta t ion 
and the precipi ta t ion- intensi ty  pa t te rn  are  explained i n  the 
following subparagraphs. 

(a) Precipitation.--Precipitation amounts were obtained from 
isohyets (see p l .  6)  of the August 1.9, 1954, thunderstorm, trans- 
posed and centered over per t inent  subareas. Depth-duration 
relationships for  selected subareas a r e  given i n  the following 
table  a s  being representative of precipi ta t ion used for  the develop- 
ment of the  standard project  flood. 

Precipi ta t ion depths during the standard pro.ject storm f o r  d r a i n s  
areas above the recornended detention basins, - Phoenix, Ariz.,  and 
v i c in i ty  (including New River) 

: Average depth of p rec ip i ta t ion  over the 
' various areas for indicated duration Detention : Drainage : 

basin* : area : 
Maximum : Maximum : Maximun 
1 2-hour : 1-hour : 3-hour 

: Square : 
: miles : Inches : Inches : Inches -- 

New River.... ..: 170.0 : 7 . 6  : 3.1 : 4.7 
Adobe.. . . . . . . . . : 82.5 : 1.8 : 3.4 : 5.1 
Cave Buttes..  ..: 193.0 : 1 .6  : 3.1 : 4.7 
Dreamy Draw. . . . : 1 . 3  : 1.8 : 3.4. : 5.2 

. . 
+f See p l .  2 f o r  location.  

(b) Precipi ta t ion- intensi ty  pa.ttern. --!he time dis t r ibut ion 
of p rec ip i ta t ion  used f o r t h i s  study was based on the average 
prectpitation-in-tensity pa t te rn  f o r  13 severe thunderstorms t h a t  
occurred i n  Arizona. These storms had adequate in tens i ty  data and 
varied i n  length from 3/11- t o  3-1/2 hours. Time in te rva ls  of 15 min- 
utes,  30 minutes, and 1 hour (depending on the s ize  of the area) 
were selected as  the shortes t  time in te rva ls  f o r  which precipi ta-  
t i on  in t ens i t i e s  would be required to  define the peak discharges. 
A typical  precipi ta t ion- intensi ty  pa t te rn  i s  shown on p l a t e  8. 
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16. Precipitation-runof f relationships.  --Available precipi ta-  
t ion  and runoff records are inadequate f o r  an analysis of 
precipitation-runoff relationships i n  the  drainage area. The 
precipitation-runoff relationships t ha t  were adopted f o r  t h i s  study 
'+rere based on information from hydroloeic investigations made f o r  
other flood-control reports f o r  comparable streams i n  southwestern 
United States.  Elements used to  es tabl ish the precipitation-runoff 
re1.ationships are  explained i n  the following subparagraphs. 

(5)  Unit hydrographs.--The method used t o  develop un i t  hydro- 
graphs is  explained i n  paragraphs 70 t o  75, inclxsive, of the  d i s t r i c t  

a 
engineer's report  t i t l e d  "Hydrology, San Gabriel River and the 
Rio Hondo Above Whittier Narrows Flood-Control Basin with A d d e n h  
on the Hydrologic Effec-t of Diverting Outflo?~ from Whittier Narrovs 
Flood-Control Basin to  Los Angeles River Via the Rio Hondo," dated 
December 20, 1944, and revised July 10, 1946.n The synthetic uni t -  
hydrographs used f o r  the  various subareas vere developed from use of 
the lag-relationships curve (pl. 7) and S-graphs (pl. 10)  developed 
from studies of areas i n  southern California and the Gila River 
basin. The S-graph used for  the valley areas was developed t o  apply 
t o  regional drainage areas of l e s s  than 1,500 square miles i n  the  
Gila Ri.ver basin. The S-graph used for the mountain area; was 
developed for  the  mountain areas of southern California. 

(4) Precipitation-loss r a t e s .  --The selection of precipi ta t ion-  • 
l o s s  r a t e s  f o r  the drainage area was based on precipitation-loss- 
r a t e  studies for  areas i n  southwestern United. States.  A s  previously 
stated., a p r ior  3-hour prec ip i ta t ion  was assumed t o  have sa t i s f i ed  
the expected i n i t i a l  l o s s .  For t,he mountain areas, a variable-loss 
rat,e was assumed for  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 l o s s  r a t e  of 0.35 inch per  
hour. The l o s s  r a t e  i n  the val ley 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 resul t ing 
urban development during the next 100 years, it was assunled t h a t  
the area below the Union Hi l l s  diversion channel would become 
improved and t h a t  25 percent of the improved val ley area would @ 
become all-impervious. Therefore, i n  development of the standard 
pro jec t  f lood for  each concentration point,  25 percent of the  
assumed improved area of each val ley subarea was considered a l l -  
inrpervious and the amounts of effective precipi ta t ion ( t o t a l  precip- 
i t a t i o n  minus precipi ta t ion l o s s )  were computed accordingly. 

(2 )  Base flow and channel percolation.--Base flow and 
.@ 

channel percolation were assumed negligible during the standard 
project  flood. 

* Report was approved by the Office, Chief of Engineers i n  2d 
jndorsement da-ted May 12, 1945, and 6th indorsement dated 
October 1, 1946, t o  basic  l e t t e r  dated January 30, 1345, subject: 
"~Iydrology, Whittier Narrows Flood.-Control Basin, Los Angeles 
County Dl-oi~iage Area, Cal.ifornia. " 

1-10 

b 



- 

e 17. Determination of standard project  flood.--The standard 
project  flood was  determined a t  each of the selected concentration 
points  by the following procedure: (EL) determination of unit-time 
increments qf prec ip i ta t ion  f o r  each subarea; (b) detenninatiorl of 
e f fec t ive  precipi ta t ion by subtraction of l o s s  r a t e  and applica- 
t ion  of the  imperviousness factor  where applicable; ( c )  determina- 

0 t i on  of subarea surface-runoff hydrograph by a p p l i c a t ~ o n  of subarea 
synthetic unit-hydrograph values t o  the effect ive unit-period 
precipitation; and (d) determination of t o t a l  flood hydrograph f o r  
the concentration poTnts by channel routing, reservoir  routing, and 
combining subarea hydrographs as required. &cau.,e L A  bhc -s~-. loted 
r a t e  of sediment inflow during the l i f e  of the considered flood- 

@ control improvements, the exist ing Cave Creek flood-control dam 
i s  assumed t o  be full  of sediment and t o  have negligible control. 
There would be negligible flow Prom the areas above Lake Pleasant 
Dam and McMicken Dam during the standard pro jec t  flood on the Agua 
F r i a  River a t  the Gila River, as  the standard project  flood 
resul ted from a s t o m  centered below these dams. The exis t ing 
canals have negligible e f fec t  during the standard project  flood. 
The ou t l e t s  a t  the  recommended Adobe, New River, Cave Buttes, and 
Dreamy Draw detention basins are  assumed to  be operative. The 
recommended diversion channels are  assumed t o  d iver t  t h e i r  t o t a l  
capacit ies (including freeboard) t o  Skunk Creek. The t o t a l  capac- 
i t y  of Union H i l l s  diversion channel west of Cave Creek and a t  
Skunk Creek i s  18,300 and 19,600 cubic f ee t  per second, respec- 
t ive ly .  The t o t a l  capacity of Arizona Canal diversion channel 
west of Cave Creek and a t  Skunk Creek i s  18,500 and 28,500 cubic 
f e e t  per  second, respectively. 

18. The routing of the  floods t o  and through the recommended 
diversion channels was accomplished by the successive average-lag 
method tha t  i s  described i n  EM 1110-2-1408. The routing of floods 
through the reservoirs was performed by the Puls I.S.D. method, 
which i s  described i n  the report  t i t l e d  "Engineering Construction, 
Flood Control," dated 1940, and published by the Engineering 
School, Fort  Belvoir, Va. 

d 
19. Standard pro.ject flood.--Standard-project-flood peak 

discharges for  selected concentration points  are shown on 
p l a t e  11, and the hydrographs with per t inent  data for  each 
detention basin are  shown on p l a t e s  8, 12, 13, and 14. The design 
peak discharges as determined by economic studies and other @a considerations and given i n  main report  a r e  shown on p l a t e  11. 

SYNTHESIS OF MAXIMUM PRQBAEJLE FLOGD 

20. General.--The maximum probable flood i s  defined as the  
flood tha t  would r e s u l t  i f  the probable maximum precipi ta t ion for  
the  drainage areas were to  occur a t  a time when ground conditions 
were conducive t o  maximum runoff. Such a flood i s  required i n  
developing plans f o r  the  recommended detention dams. 
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21. Determination o f  probable maximum storm.--Because the 
method used by the U.S. Weather Bureau i n  determining the probable 
maximum storm f o r  s m d l  areas i s  subject to  more study, a method 
tha t  was developed by the U.S. Army Engineer D i s t r i c t ,  Los Angeles, 
and tha t  was based on a method i n  an ear ly  report  of the U.S. 
Weather Bureau was used i n  making estimates of probable maximum 
precipi ta t ion.  Both methods are  described i n  Design Memorandum 
No. 1, "Hydrology f o r  Wilson Canyon and Mansfield S t ree t  Channels 
and Debris Basins," dated May 1959.s The probable maximum precipi-  
t a t i on  and the precipi ta t ion- intensi ty  pat tern developed from the 
Los Angeles D i s t r i c t ' s  method a re  described i n  the following 
subparagraphs. 

(%) Probable maximum precipi ta t ion.  --The probable maximum 
precipitation depth and duration f o r  the drainage areas above the 
recommended detention basins during the probable maximum storm i s  
given i n  the following table:  

Precipi ta t ion depths during the maximum probable storm f o r  drainage 
areas above the recommended detention basins, Phoenix, A r i z . ,  and 
v i c in i ty  (including New River) 

: Average depth of precipi ta t ion over the 

Detention : Drainage : various areas for  indicated duration 

basin* : area : 
Maximum : Maximum Maximum : Maximum 
$-hour 1-hour 3-hour 6-hour 

: Square : 
: miles : Inches : Inches : Inches : Inches 

New River. ..... : 170.0 : 2.0 : 1.8 : 8.6 : 10.5 
Adobe ... . . . . . .  : 82.5 : 2.6 : 5.8 : 10.3 : 12.3 
CaveButtes. ... : 1 9 3 . 0 :  1 . 7  : 3.3 : 7.6 : 9.2 
Dreamy Draw. . . .  : 1 . 3  : 6.4 : 9.5 : 17.2 : 19.6 

* See p l  2 fo r  location,  

(b) Precipi ta t ion- intensi ty  pat tern.  --Time in te rva ls  of 
15  minutes, 30 minutes, and 1 hour (depending on s ize  of the  area) 
were selected as the shortes t  time in te rva l  required to  adequately 
define the flood peaks. Rainfdil i n t ens i t i e s  were obtained from 

* This design memorandum was approved by the Office, Chief of 
Engineers Octoher 8, 1959, and w i l l  hereinafter be referred t o  
as  the Wilson-Mansfield report .  
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a a curve of depth-duration relationships (curve 11, p l .  10, Wilson- 
Mansfield report )  and arranged in order of time with regard t o  maxi- 
mum values of the un i t  hydrograph, so t ha t  maximum peak discharges 
were obtained. A typical  precipi la t ion- intensi ty  pa t te rn  i s  show 
on p l a t e  1 5 .  

22. -- Precipitation-runoff relations-.--The precipitation- 
runoff re la t ionships  as  applied t o  the maximum probable floods 
were determined i n  a manner similar to  t h a t  described herein fo r  
the standard project  floods, exccpt for  precipi ta t ion- loss  ra tes .  
Ground conditions conducive t o  maximum runoff are  ref lected i n  
the minimum precipi ta t ion- loss  r a t e s  indicated i n  unit-hydrograph 
studies f o r  similar areas. On the basis  of these studies, a mini- 
mum l o s s  r a t e  of  0.15 inch per  hour was considered applicable t o  
the  drainage area and was assumed to  prevai l  a t  a constant r a t e  
throughout the  probable maximum storm. 

23. Determination of maximtun probable floo2.--The computa- 
t i on  of maximum probable floods f o r  the  recommended detention 
basins was similar t o  t h a t  of the standard project  floods. 

24. Maximum-probable flood. --The maximum-probable-flood 
hydrographs with per t inent  data for  each detention basin are  
shown on p l a t e s  15, 16, 17, and 18. 

SEDIMENT STORAGE 

25. General.--An estimate of the volume of storage space 
behind the recommended detention basins t ha t  w i l l  be occupied by 
sediment a t  the end of a 100-year period i s  required f o r  the 
design of the  detention dams. 

26. Topographical, geological, and hydrometeorological char- 
a c t e r i s t i c s  of the  drainage area upstream from the recommended 
detention basins indicate a moderate cediment-production poten t ia l .  
The streambed p ro f i l e s  upstream of the recommended detention basins 
indicate a moderate sediment-production poten t ia l .  Tlie streambed 
p ro f i l e s  upstream of the recommended detention basins are shown o r  
p l a t e  3. 

@. 

27. Sediment-storage estimate.--The method applied i n  t h i s  
study to  determine the sediment storage f o r  the recommended 
detention basins on New River, Skunk Creek, and Cave Creek i s  based 
on the r a t e  of sediment produced by the average annual ranoff. In 
determining the sediment storage for  Cave Bu-ttes detention basin, 
the assumption was made tha t  the  exis t ing Cave Creek Dam w0ul.d con- 
t r o l  the sediment from t h a t  drainage area (162 sg. miles).  Eata :.or 
other streams i n  the general area, including the Agua F r i a  River 
a t  Lake Pleasant, were used as  the bas i s  f o r  the estimated average 
annual runoff a t  the detention basins. The inflow-sediment 
relationship is  based on observed sedimentation data f o r  
conservation reservoirs i n  southwestern United States  as  given i n  

* 1-13 



table  2 and shown on p la te  19.  The estimated r a t e  of sediment 
production a t  Lake Pleasant and Cave Creek Dams i s  0.56 and 0.74 
acre-feet  per square mile per year, respectively. For small drzin- 
age areas i n  southern California, the sediment r a t e  was estimated 
t o  be 1 acre-foot per square mile per year. The sediment storage 
for the recommended Dreamy Draw detention basin is  based on the sedi- 
ment r a t e  of approximately 1 awe-foot per square mile per year. The 
estimated average annual inflow and sediment-storage requirements for  
a 100-year period for  the recommended detention basins are  given i n  
the following table:  

Estimated sediment-storage requirements for  the recommended detention - 
basins, Phoenix, A r i z . ,  and v i c in i ty  (including New River) 

Estimated 
Name+ Drainage ' Sediment 

: average annual : 
area . inflow storage 

: Square : Acre-feet per : Acre- - 
: miles : square mile : f ee t  - - 

New River detention basin... . . . :  X70.0 : 48 : 10,000 
Adobe detention basin... . . . . . . . :  82.5 : 6 0 :  5;500 
Cave Buttes detention basin... .:  **31.4 : 83 : 2,500 
Dreamy Draw detention basin... .:  1.3 : (*** 150 

* See p l .  ? 10.. ioc~%tion .  
*-* Excluding area above Cave Creek Dam. 
*** Not estimated. Sediment storage estimated on sediment r a t e  of 

approximately 1 acre-foot per square mile per year. 

ADEQUACY OF FLOODS AND SEDIMENT STOPAGE 

28. Standard pro,ject flood.--The standard project  flood as  
developed i s  of a magnitude t h a t  would be exceeded only on ra re  occa- 
sions. 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 t s  synthesis. The use of the August 19, 1954, s t o r r ~  
transposed t o  produce the most c r i t i c a l  precipi ta t ion over the drain- 
age area, a s  well a s  the use of a more intense precipi ta t ion pat tern 
and comparatively low loss  ra tes ,  represent a reasonably severe 
combination of factors .  

29. The adequacy of the standard-project-flood peak discharges 
i s  fir-ther indicated by comparison of those discharges with envelopiilg 
curves of peak discharges shown on p la te  20. 

30. Maximum probable flood.--The adequacy of the maximum 
probable flood f o r t h e  recommended detention basins is  bes t  indicated 
by the sever i ty  of the various hydrologic factors  (storm magnitude, 



precipitation-intensity pattern, and loss rate) on which the flood 
estimate is based. 'Phe occurrence of any of these factors in the 
severity assumed would be infrequent, and obviously a flood result- 
ing from the combination of all of these conditions would be very 
severe. An indication of the adequacy of the maximum-probable-, 
flood peak discharges is shown by the relatively high plotting 
position of the points representing the maximum-probable-flood peak 
discharges on the enveloping curves of peak discharges shown on 
plate 20. A further indication of the adequacy of the maximum- 
probable-flood peak discharges is the fact that they are from 2 to 
5 times the standard-project-flood peak discharges. 

31. Sediment storage.--The 100-year sediment storage as 
developed is considered conservative for the recommended detention 
basins. 

PRIOR APPROVAL 

32. The standard project and maximum probable floods and the 
sediment-storage requirements presented in a draft of this appendix 
were approved by the office of the Chief of Engineers in 2d 
indorsement dated October 2, 1963, to basic letter dated June 13, 
1963, subject: "Interim Report on Survey for Flood Control, 
Phoenix, Ariz., and Vicinity (Including New ~iver), Gila River 
Basin, Ariz." 



Table 1 

Precipi ta t ion s ta t ions  i n  and near Phoenix, Ariz.,  and v i c in i ty  (including New River) 

: Computed 
Geographic : Period of record 
coordinates : 'Om- : 90-year 

: Eleva- : : p le t e  : loean- 
limber* Station* : t ion  : Non- : Years : annual 

: Latitude : Longitude : Eiecording recording : Of : precipi-  . gage : gage . record : tation 

: Degrees : Degrees : 
: and - and - 

: Feet : minutes : minutes : - : Inches 
13-0-3.. . : Prescott  Dry Farm.. .... : 5,008 : -7 : 112-24 :. .......... : 1912-29 : 1 4 :  12.94 

r 13-3-7 ... : prescot t  3i. B. A i r -  : 5,014 : 34-39 : 112-26 : 1942-62 : 19li2-62 : 2 0 :  12.76 
I 
i-' : port .  m ........ Z . . . . . . . . . . . .  13-3-8~.  .: Yaeger Canyon.. : 6,000 : 34-41 : 112-10 1917-62 : 24 : 17.04 

........ .......... ........ 13-0-11. .: 1fillow Creek Ranger : 5,550 : 34-36 : 112-31 :. : 1912-19 : :. 
: Stat ion.  

.............. 13-0-12..: Prescott . .  5,410 : 34-33 : 112-27 : 1939-42 : 1866-1962 : 96 : 18.40 
........ ....... 13-0-14..: Groom Creek... ..: 6,100 : - 14-29 : 112-27 :. ..: 1942-62 : 16 : 24.59 
......... 13-0-i8..: TJalnut Grove.. ........ .: 3,764 : 34-18 : 112-33 :. .: 1889-1962 : 61 : 15.94 

13-0-19.. : Cordes. ................ : 3,773 : 34-18 : 112-10 ............. 1925-62 : 3 6 :  12.1L 
........... 13-0-21.. : Crorin King.. : 6,000 : 34-12 : 112-20 :. ......... .: 1914-62 : 35 : 24.98 

13-0-26.. : constel la t ion. .  ........ : 3,600 : 34-04 : 112-34 :. .......... : 1921-35 : 5 :  13.88 
13-0-27.. : Canon.. ................ : 1,990 : 31-r-04 : 112-09 :. .......... 1915-29 : 8 :  14.13 
13-0-28..: Chmpie Camp.. ......... : 2,300 : 34-01 : 112-21 z............ 1898-1914 : 11 : 15.3'3 
13-0-29.. : Poland Junction. ....... : 4,900 : 34-27 : 112-16 : 1942-62 : ........... : 20 : 14.00 
13-0-32- -: Chino Valley.. ......... : 4,750 : 3 - 1 5  : 112-28 : ........... : 1941-62 : 21 : 12.58 
13-0-40..: Castle Hot Springs.. . ..: 2,800 : 34-03 : 112-21 :. ......... .: 1889-1962 : 18 : 15.36 

See footnotes a t  end of table.  
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Table 1--Continued 

Precipitation stations in and near Phoenix, Ariz., and -- vicinity (incluAing New River)--continued 

Geographic : Computed 
: Period of record . Com- 

coordinates : 90-year 
: Eleva- : : plete : 

Numbefl : Station* : tion : : 9on- : years : anKdal : Recording : recording : of : precipi- : Latitude : Longitude . 
: gage : gage . recard : tation 

: Degrees : Degrees : 
: and - and - : 

: Feet : minutes : minutes : : Inches 
13-p-1.. .: Fiickenbu-rg.. ........... : 2,070 : 33-58 : -4 :. . . . . . . . . . .  : 1877-1962 : 56 : 10.77 
13-P-4.. . : Marinette.. ............ : 1,145 : 33-36 : 112-18 :. .......... : 1890-1962 ; . . 3 6 -  : '8.05 
13-P-6.. . : Litchfiela Park.. ...... : 1,030 : 33-30 : 112-22 : ........... : i91.7-62 : 45 ; 8.18 

il, 13-P-7 ... : Phoenix Indian School..: ,115 : 33-30 : 112-04 ............. 1920-62 ; 23 : 7.34 
13-P-8 ... : Phoenix Itursery : 1,189 : 33-31 : 112-03 :. .......... : 1905-15 : 3 :  ......... 

(phoenix 2). . . : 
13-P-9 ... : Phoenix Post Office .... : 1,083 : 33-27 : 112-04 : 1901-62 : 1876-1962 : 86 : 7.53 
13-P-10.. : Phoenix \hi.. B. Airport.. : 1,109 : 33-26 : 112-01 : 1953-62 : 1933-62 : 22 : 7.31 
13-P-13..: South Phoenix .......... : 1,195 : 33-23 : 112-04 ............. 1915-62 : 40 : 7.33 
13-P-14..: Buckeye ................ : 888 : 33-23 : 112-35 ............. 1891-1962 : 62 :' 7.53 
13-P-18..: Fittman ................. 1,540 : 33-46 : 112-31 ............. 1923-62 : 27 : 9.45 
13-P-31..: Alhambra 2 RE .......... : 1,135 : 33-31 : 112-07 ............ : 1946-62 : 19 : 7.53 - - 15-P-33. .: Lake Pleasant .......... : 1,600 : 33-51 : 112-16 : ......... ..: 1949-62 : 13 : 9.10 
13-P-34..: Beard~sley ............... a 1,265 : 33-40 : 112-23 :. .......... : 1950-62 : 13 : 8.42 
13-P-35. .: Griggs 3 %!.. ......... ..: 1,160 : 33-30 : 112-29 :. ......... .: 1950-62 : 13 : 6.73 
13-P-36. .: Cave Creek Dm.. ...... .: 1,630 : 33-43 : 112-03 :. ......... .: 1950-62 : 12 : 9.65 

See footnotes at end of table. 



Table 1--Continued 

Precipi ta t ion s ta t ions  i n  arid near Phoenix, r i  and v i c in i ty .  (including Ner: ~ iver ) - -cont inued  - -- 

Geographic : Computed 
Com- : Period of record coordinates : p le t e  : 90-year 

: Eleva- : : mesn- 
Numbefi : Sta t  ion** : t i on  : - Non- years - of 

: annual 
Recording ; recording : : Latitude : Longitude : : precipi-- . gage . record : gage : t a t ion  

: Degrees : Degrees : 
: and - and - 

: Feet : minutes : minutes : : Inches 
13-P-3'7.. : Deer Valley.. .......... : 1,245 : 33-35 : 112-09 :. .......... : 1950-62 : 11 : 8.37 ................. ............. iJ 13-P-46..: Laveen : 1 1  : 33-20 : 112-09 1948-62 : 1 4  : 7.66 

I 13-P-1?7..: Tolleson 2 mJ .......... : 1,000 : 33-28 : 112-16 : ............ 1951-62 : P 11 : 7.53 
a 13-P-48..: Sunnyslope.. ........... : 1,316 : 33-34 : 112-04 : ........... : 1948-62 : ........ :.. ....... 

14-0-10. . : Camp Verde. ............ : 3,160 : 34-35 : 111- : ........... : 1867-90 : 21 : 11.95 
14-0-14..: Wgos 2 SE ............. : b.,000 : 34-21 : 111-57 ............. 1919-62 : 33 : 16.34 
14-0-15.. : Childs.. ............... : 2,650 : 34-21 : 111-42 :. ........ ..: 1915-62 : 40 : 16.59 
14-P-1 ... : Ashdale R. S ............ 3,300 : 33-58 : 111-53 ............. 1915-48 : 1.8 : 21.29 

... 14-P-8 : Paradise Valley ........ : 1,421 : 33-33 : 111-58 ............. 1955-62 : 7 .......... 
14-P-ll . . :  Cave Creek. ............ : 2,150 : 33-50 : 111-57 :. .......... : 1907-61 : 1 2 :  11.49 
14-P-14..: Granite Reef Dam. .... ..: 1,325 : 33-31 : 111-42 :. ........ ..: 1889-1962 : 74 : 9.60 
14-P-16.. : Wilbur Ranch.. ......... : 1,375 : 33-27 : 111-43 :. .......... : 1924-28 : 4 .......... 
14-P-18.. : Mesa Experiment : 1,225 : 33-25 : 111-52 :. .......... : 1896-1962 : 66 : 8.03 

: Farm. 
14-P-21.. : Chandler.. ............. : 1,212 : 33-18 : 111-50 :. .......... : 1912-62 : 32 : 7.84 
14-P-26..: Goodyear ............... : 1,203 : 33-25 : 111-52 : ........... : 1918-33 : 12 : 8.44 

See footnotes a t  end of table .  
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Table 1--Continued 

Precipitation sta$icns in and near ?hoenix, Ariz., and vicinity (including Nev ~iver)--continued - 

Corn- : Computed 
Geographic : Period of record 90-year 

: ELeva- : coordinates : plete : mean- 
Number* : Station= : tion : Non- : years e 

Recording ' : annual 
: Latitude : Longitude : : recording : Of : precipi- 

: gage : gage record 
: tation 

: Degrees : Cenrees : 
: and - and 

: Feet : minutes : minutes : : Inches 
14-P-34..: Stebart Mountain.. .... .: 2 : 33-34 : 111-32 :. .......... : 1939-62 : 22 : 11.77 
1.4-P-35.. : Tempe No. 2.. .......... : 1,159 : 33-26 : 111- 56 :. .......... : 1889-1962 : 36 : 7.58 

i; 14-P-45.. : Bartlett Dam.. ......... : 1,650 : 33-49 : Ill-38 :. .......... : 1939-62 : 23: 11.71 
........... 14-P-47..: Falcon Field ......... ..: 1,320 : 33-26 : 111-45 : : 1942-62 : 15 : 8.23 

1L-P-kg..: Tempe U. of A. Citrus : 1,180 : 33-25 : 111-58 :. ......... .: 1943-62 : 16 : 7.74 
: Exp. Sta. 

14-P-60.. : Camelback.. ........... .: 1,250 : 33-29 : 111-58 :. .......... : 1920-62 : 31 : 7.80 
14-P-61..: Horseshoe Dam.. ....... .: 2,020 : 33-59 : 111-43 : ........... : 1948-62 : 13: 174.26 
14-P-65..: Carefree.. ............ .: 2,530 : 33-h9 : 111-54 :. ......... .: 1961-62 :. ...... .:. ........ 

* Stations mbered in accordance with quadrangle-index system of the U.S. Army Engineer District, 
Los Angeles, Corps of Engineers. 
" See pl* 1 £or location. 

NOTE.--Above data, except station number and 90-year (1868-1957) mean-annual precipitation, obtained from 
publications of the U.S. Weather Bureau. 



Table 2 

Pert inent  deta on obssr-red sedimentation, co~se rva t ion  reservoirs  i n  southwestern United States ,  Phoenix, Ariz., 
and v i c in i ty  (including New ~ i v e r  ) 

: Contrib- ' Total  inflow f o r  :Inflow per  square Reservoir : Period : Years : : uting . period of.record :mile of drainage ?.T  ̂ . 
~ . U .  . drainage ' 

of : of : : area per  year 
: record : record : 

Name 1 ,  Location : area Water . ' Sediment : Water : Sediment 

: Sg. mile : : Acre-ft. . . Acre-ft. : Acre-ft .: Acre-ft. 
1.. .: San Carlos.. . : Arizona.. ....... : 11,900 : 1928-47 : 18.2 : 4,640,600 : 57,494 : : - 
2...: Lake : ... do.. .......... : 1,444 : 1928-41 : 12.9 : (*) 8 ,044 :  (*) : (*) 

.. : Pleasant. : ....... .. 3.. . : .. .do.. : .do.. .......... : 5,760 : 1909-46 : 36.8 : 29,186,000 : 140,600 : 137.7 : -663 
Jc. .  . : Conchas.. .... : New Mexico. -.... : 6,950 : 1939-49 : 10.1 : 2,706,000 : 35,600 : 38.2 : .506 
5...: Elephant : .. .do.. .......... : 25,866 : 1915-47 : 32.3 : 34,807,000 : 465,000 : 41.7 : .556 

i-' : Butte. 
6.. . : Lake Mead.. .. : Nevada-Arizona.. : 167,600 : 1935-48 : 13.7 : 181,296,0,00 : 1,425,000 : 79.0 : o .620 ...... 7...: Lake Hedges..: California : 301 : 1919-48 : 29.5 : 1,139,000 : 3,323 : 128.3 : .375 ............ 8...: San Dimas....:...do : 16 : 1922-44 : 22.1 : 50,200 : 488:  141.0:  1.370 
9...: STdeetwater...:...do............: 181 : 1886-1927 : 39.0 : 740,000 : 6,170 : 105.0 : .870 
lo..: Gibralter....:...do............: 220 : 1920-31 : 11.0 : 206,000 : 2,100 : 85.1 : .870 

-- 

* The U.S. Bureau of Reclamation recommends t h a t  t he  following longtime average annual values be used for  San 
Carlos Reservoir: 346,700 acre-feet  for  water inflow and 5,000 acre-feet  for  sediment inflow. By applying these 
values, the  average-annual r a t e  of inflow per square mile of drainage area becomes 29.1 acre-feet  for  water and 
0.42 acre-feet for  sedinent. 

.m No complete record i s  avai lable  of t o t a l  water inflow i n t o  Lake Pleasant f o r  period of observed sediment 
1 0  On the bas i s  of records for  the  Verde River (a  nearby stream), estimates of t o t a l  water inflow f o r  
period of sediment observation and of longtime r a t e  of water inflow and sediment inflow indicate  t h a t  f o r  Lake 
Plecsant the average annual r a t e  of inflow per square mile of drainage area would be 42.5 acre-feet for  water and 
0.56 acre-feet f o r  sediment. 

Note.--See curve on fig. 19. 
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APPElvDIX 2 . BASES FOR DESIGN 

PHOENIX, ARIZ., AND VICINITY (INCLUDING NEW RIVER) 
GILA RIVER BASIN. ARIZ . AND N . MEX . 
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FIGURES 

No. - T i t l e  

1. Adobe detention basin ou t l e t  and spillway discharge. 
2. Adobe detention basin flood routing. 
3. Cave Buttes detention basin ou t l e t  and spi l lvay discharge. 
4. Cave Buttes detention basin flood routing. 
5. Dreamy Draw detention basin  ou t le t  and spillway discharge. 
6. Dreamy Draw detention basin flood routing. 
7. New River detention basin ou t le t  and spillway discharge. 
8. New River detention basin flood routing. 



R A S E S  F O R  D E S I G N  

PHOENIX, ARIZ., AND VICINITY (INCLUDING NEW RIVER) 
GILA RIVER BASIN, ARIZ. mn N. MEX. 

SCOPE 

1. This appendix covers the engineering aspects of the 
improvements for flood control recommended for construction in 
the vicinity of Phoenix, Maricopa County, Ariz. The locations 
of the improvements are shown on plates 1 and 3 of the main report, 
and details of improvements considered are shown on plates 1 to 20, 
inclusive, of this appendix. 

IMPROVEMENTS CONSIDERED 

2. The recommended improvements were designed so that the 
detention basins would control the standard project flood and the 
channel improvements would be entrenched in the ground with capaci- 
ties adequate to convey discharges corresponding to those of a 
flood with a frequency of occurrence ofonce in 100 years. The 
recommended improvements would include the follocring: 

Adobe detention basin and diversion channel. 
Ceve Buttes detention basin. 
Cave Creek channel. 
Union Hills diversion channel. 
Dreamy Draw detention basin. 
Arizona Canal diversion channel and Dreamy Draw 
channel. 

Skunk Creek channel. 
New River detention basin. 
New River and Agua Fria River channelization. 

Adobe Detention Basin and Diversion Channel 

3. _Recommended plan.--The detention basin would be constructed 
on an unnamed tributary of Skunk Creek, between the Deem Hills and 
Middle Mountain, about 14 miles north of Phoenix. The diversion 
channel and levee would be constructed across the Skunk Creek flood 
plain to divert flows into the detention basin. 
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4. The improvement would consist of an e a r t h f i l l  embank- • 
ment, an ungated out le t ,  a detached spillway i n  a saddle on the 
l e f t  abutment, and an ear th  diversion channel and levee. (see  
p l .  L) The e a r t h f i l l  embankment would have a c r e s t  length of 
about 3,850 f ee t ,  c r e s t  elevation of 1,561 f e e t  above mean sea 
leve l ,  a top width of 20 f ee t ,  upstream slope of 1 v e r t i c a l  on 
25 horizontal, a downstream slope of 1 v e r t i c a l  on 2 horizontal, 
and a maximum height of about 76 fee t .  

5. The ou t l e t  would consis t  of an 8-foot-diameter reinforced- 
concrete conduit with a log rack a t  the i n l e t .  The unlined s p i l l -  

@ 
way would be excavated i n  rock and would have a concrete s i l l ;  
t he  c r e s t  length would be 250 feet,and the c r e s t  elevation would 
be 1,542 f ee t .  

6 .  The diversion channel would be excavated i n  ear th  and 
would be about 2 miles long. It would be unlined and trape- 
zoidal i n  cross section with s ide slopes of 1 ve r t i ca l  on 2 
horizontal. The base width would be 500 feet,and the average * 
depth would be 12  f ee t .  A levee, about 14 miles long, aould 
extend from high ground on the eas t  s ide  of the  detention basin, 
across the highway,and t o  high ground on the  ea s t  bank of Skunk 
Creek. The levee and channel would be separated by a 100-foot 
berm. The levee would have an upstream slope of 1 v e r t i c a l  on 
2% horizontal  and downstream slope of 1 v e r t i c a l  on 2 hori-  b 
zontal. The levee would have a top width of 20 feet;, an aver- 
age height of about 12 fee t ,  and revetment on the water s ide  
with 18 inches of stone underlain by 6 inches of gravel 
f i l t e r .  The revetment would extend from the top of the  levee 
t o  5 f e e t  below the  channel invert .  Black Canyon Highway 
would cross over the  levee,and a bridge would be b u i l t  over 
the  channel. 

7.  Hydraulic design.--The area-capacity curve was based 
on a e r i a l  topography furnished by the Maricopa County Flood 
Control District ,  dated 1963. Reservoir areas were determined 
a t  contour in te rva ls  of 5 feet,and the gross volume was deter-  
mined f o r  these intervals.  The net  capacity curve was deter-  
mined by deducting the sediment volume from the gross capacity, 
the  sediment volume at any elevation being the ra t io :  area  a t  
any elevation i s  t o  the  area at  the spillway c re s t  as  the  vol- 
ume i s  t o  t o t a l  volume. (See p l .  1 . )  The dam ou t l e t  would have a 
maximum capacity of 2,000 cubic f e e t  per  second. (See f ig .  1. ) a' 

8. The standard project  flood was routed through the 
reservoir  t h a t  waa assumed t o  contain a 100-year sediment 
volume dis t r ibuted t o  the spillway c res t .  The routing was 
made by standard flood-routing methods previously used. 
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The spillway-crest elevation was s e t  coincident with the water- 
surface elevation obtained f o r  the  reservoir-design flood. The 
spillww-design flood (maximum probable) was routed by assuming 
the reservoir-design-flood (standard project)  pea:< h&d prececed 
the maximum probable flood by about 25 hours. A graph showing 
the relationship between inflow-outflow and the reservoir  water 
surface i s  shown on f igure  2. The required freeboard was predi- 
cated on wave height and on rideup and setup above the water 
surface i n  accordance with information obtained by the spillway- 
design-flood routing. A freeboard of 5 f e e t  as a minimum was . 
selected although the computation showed 3.6 f ee t  would be 
required. 

9 .  The excavated channel would have a bank-full capacity 
equal t o  the  peak discharge of the  standard project  flood under the 
design assumption tha t  n .03 and no :;eriiment deposits. 
However, there  is  a good poss ib i l i ty  t ha t  the capacity of the 
channel would be reduced by sediment deposit a t  points of major 
inflow. A levee along the south s ide  of the  excavated channel 
would be provided t o  assure diversion of the design flood under 
adverse conditions. The levee required t o  e f fec t  diversion of 
the  design flood under these adverse conditions (obstruction by 
sediment deposits and n = .03) would, under idea l  conditions 
(no obstruction and n = .02) ,  diver t  the  maximum probable flood. 
Therefore, the  diversion of the  maximum probalrle flood was 
assumed i n  the design of P.r?obe Dam and spill.way. Refinement of 
design de t a i l s  f o r  the general-design memorandum may permit a 
reduction i n  design f o r  Adobe Dam. However, f o r  t h i s  survey 
report, a conservative assumption i s  retained. Under design 
conditions, the  main veloci ty  i n  the channel would be about 
9 f e e t  per second. Black Canyon Highway would cross the  channel 
on a 500-foot-long bridge. 

10. Pertinent data.--Pertinent - data on the Adobe detention 
basin  are  given i n  the fol1.owing table:  



Drainage area and design values • 
Drainage area. .  .......................... sq. miles.. 82.5 
Reservoir-design flood: 

Peak inflow.. . . . . . . . . . . . . . . . . . . . . .  ......... c . f . s . .  50,000 
.. volume. .................................. acre- f t  18,020 

Spillway-design flood: ................................ Peak inflow c. f .5 . .  105,000 
Volume........... ........................ acre- f t . .  51,210 

Sediment-storage requirement (100-yr. 
period). .............................. .acre-ft . .  5,500 

a 
General a 

Reservoir: 
Area. . . . . . . . . . . . . . . . . . . . . . . . . .  .............. acre. .  1,050 
Capacity. ................................ acre-f t .  . 19,400 

Etnbankment : 
TOP elevat ion. .  . . . . . . . . . . . . . . . . . . . . . .  . f t . ,  m.s.1.. 1,561 3 ................................ Maximum height f t . .  76 
Length ........................................ f t . .  3,850 
Freeboard.....................................ft.. 5.0 

Spillway: ....................... Crest elevation f t . ,  m.s.1.. 1,542 
Pool-drain conduit: q 

Capacity. .................................. c.f .5. .  2,000 
Dimeter . . . . . . . . . . . . . . .  ....................... in . .  96 

11. Geology and soi ls . - -Per t inent  information on geology 
and s o i l s  a t  the s i t e  of the  Adobe detention basin and diversion e 
channel is given i n  following subparagraphs. 

(a) Explorations. --Explorations f o r  the  proposed damsite 
were completed during February 1963. Ten t e s t  trenches were 
excavated t o  depths ranging from 3 t o  1 4  f e e t  with a D-8 dozer 
t h a t  was equipped with a hydraulic-controlled ripper. One t e s t  
trench was excavated i n  the r igh t  abutment, two a t  the toe of 
the  r i gh t  abutment fo r  the ou t l e t  works, four across the val ley 
bottom, two i n  the l e f t  abutment, and one i n  the spillway. Dis- 
turbed samples of the  s o i l  were obtained f o r  laboratory c lass i -  
f i ca t ion  t e s t s .  The location and logs of the  trenches a r e  
presented on p la te  2. .a 

(b_) Foundation conditions. --The surface material on the 
r i gh t  abutment consists of volcanic cobbles, boulders, and 
volcanic rocks t h a t  could not be penetrated with the D-8 
dozer; the surface material  is probably underlain by agglomerate. 
Ground water was not encountered, bu t  it i s  probably a t  a 
depth of 50 f e e t  o r  more. 
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( c )  The trenches f o r  t h e  ou t l e t  vorks, which were excavated 
near  t h e  t o e  of t h e  r i g h t  abutment, encountered. s i l t  and sand. t o  
a depth of 8 fee-t; below a depth of 8 f e e t ,  cobbles and boulders 
i n  a moderately cemented matrix were encountered. The ma-terials 
encountered i n  t h e  trenches across  t h e  va l l ey  bottom consisted of 
a surface  l a y e r  about 4 f e e t  t h i c k  of s i l t y  sand, s i l t ,  and c lay  
t h a t  was underlain by p a r t i a l l y  cemented s i l t y  gravel ly  sand 
containing cobbles and small boulders; t h e  degree of cementation 
increased with depth,causing t h e  mater ia ls  t o  b e  d i f f i c u l t  t o  
pene t ra te  with a r i p p e r  belov depths of 8 t o  10 f e e t .  

( 2 )  The t rench excavated a t  t h e  t o e  of t h e  l e f t  abutment 
encountered sandy s i l t  t o  a depth of 1 0  f e e t  t h a t  was underlain 
by moderately well-cemented agglomerate. A t rench excavated on 
t h e  l e f t  abutment about e l eva t ion  1,530 f e e t  encountered a sur- 
face  l a y e r  about 4 f e e t  t h i c k  of volcanic cobbles and boulders 
derived from a remnant of a b a s a l t  cap; t h e  su r face  l a y e r  was 
underlain by moderately weathered, s l i g h t  t o  moderately cemented, 
tuffaceous agglomerate. 

( 2 )  A t  the  s i t e  of t h e  spi l lway,  t h e  ma te r i a l  from t h e  
ground surface  t o  a depth of 1 foo t  vas s i l t  containing a few 
cobbles and boulders; from a depth of 1 t o  2 . 5  f e e t ,  hard 
ca l i che  was encountered; from 2 .5  t o  5 f e e t ,  moderately cemented 
s i l t y  sand was encountered; and from 5 t o  12  f e e t ,  tuffaceous 
agglomerate was encountered. 

(r) Design appl ica t ions . - -Per t inent  information on design 
appl ica t ions  is given i n  following subparagraphs. 

(1) Embankment. --Material f o r  construct ion of t h e  
embankment could b e  obtained by excavating t o  a depth of about 
10  f e e t  i n  t h e  va l l ey  bottom upstream from t h e  embankment. The 
mate r i a l s  a r e  very dry  and w i l l  have t o  be moistened t o  optimum 
moisture with imported rrater. Material  f o r  pervious dra ins  could 
be obtained by processing streambed mate r i a l  from Skunk Creek. 

( 2 )  The mate r i a l s  i n  t h e  abutments and va l l ey  bottom 
have ample s t r eng th  t o  support t h e  embankment. Settlement of t h e  
foundation w i l l  not  be a problem. The depth of s t r i p p i n g  across 
t h e  va l l ey  bottom should be about 1 foot;  and on t h e  abutments, 
5 f e e t .  An explora t ion  t rench should be provided f o r  t h e  e n t i r e  
l eng th  of t h e  embankment; it should extend 1 0  f e e t  below t h e  
ground l i n e  across  t h e  va l l ey  bottom and 1 0  f e e t  below t h e  s t r i p - ,  
ping l i n e  on t h e  abutment; t h e  bottom width should be 1 2  feet,  
and. the  s i d e  s lopes  should be 1 v e r t i c a l  on 3 hor izonta l .  The 
explora t ion  t rench would be b a c k f i l l e d  v i t h  compacted random 
mate r i a l s  from t h e  borrow area.  



(3) The embankment would be constructed from random 
materials obtained from the borrow area. After compaction, 
these materials would be relatively impervious. With the 
exploration trench tied to cemented material across the valley 
bottom and to agglomerate on the abutments, the embankment 
would create an impervious barrier, and there would be little 
if any underseepage during the short period that rrater would 
be stored in the reservoir. Throughseepage vould not occur 
because the saturation line would not penetrate an appreciable 
distance into the embankment during the short period of impound- 
ment. Hence, both slopes vould be designed for a drained condi- 
tion. An upstream slope of 1 on 2.5 and a downstream slope of 
1 on 2 would have adequate safety factors against failure in 
shear. It is anticipated that enough cobbles could be raked 
out of the embankment to provide protection against erosion 
on the upstream and downstream slopes. An inclined pervious 
chimney connected to a horizontal downstream drain vould be 
provided for internal drainage. 

(4)  Outlet. --At the toe of the left abutment, the 
outlet can be safely founded on cemented material found at 
elevation 1,484 feet, which is about 8 feet below the exist- 
ing ground surface. 

(5) Spillway.--The ground surface in the spillway 
area is about elevation 1,540 feet. If the crest elevation 
of the spillway is established at elevation 1,535 feet or 
lower, the crest would be in agglomerate that would be 
fairly scour resistant. 

( 6 )  Collecting dike.--Side slopes of 1 on 2 
would be stable. The upstream slope would be revetted with 
an 18-inch layer of 150-pound stone underlain by a &.inch 
layer of gravel filter. 

Cave Buttes De-tention Basin 

12. Recornended plan.--Cave Buttes detention basin 
would be constructed about 2 miles south of the existing Cave 
Creek Dam. The site is accessible by way of Cave Creek Road. 
The improvement would consist of an earthfill dam with an 
ungated outlet on the main-stream channel, east and vest 
dikes,and a detached spillway on the right abutment. The 
principal features are shown on plate 3. 



13. The e a r t h f i l l  embankments would have a c re s t  elevation of 
1,621 fee t ,  a top width of 20 fee t ,  upstream slope of 1 v e r t i c a l  
on 24 horizontal, and a downstream slope of I on 2. The main 
dam would have a c r e s t  length of about 2,100 f e e t  and a martim~m 
height of about120 f e e t .  The xes'c dike vould have a c r e s t  
length of about 3,500 f e e t  and a maximum height of about 
90 f e e t .  The eas t  dike would have a c r e s t  length of about 
8,600 f e e t  and a maximum height of about 75 f ee t .  The eastern- 
most 1,500 f e e t  of the eas t  dike would serve as  a deflecting 
levee f o r  spillway flows from the exis t ing Cave Creek Dam. The 
deflecting levee would be about 6 f ee t  high. 

14. The ou t l e t  would consist  of a 12-foot-diameter con- 
crete  conduit with a log rack a t  the i n l e t .  It would empty 
in to  the Cave Creek channel. The unlined spillr,~ay would be 
excavated i n  rock with a c re s t  length of 400 f e e t  and a 
concrete s i l l  a t  the  c r e s t  elevation 1,596.5 fee t .  

15. Hydraulic design.--The area-capacity curve was computed, 
based on a e r i a l  topography dated 1961. The reservoir  area was 
determined a t  contour intervals  of 5 f e e t  and the gross volume 
w a s  determined f o r  these intervals .  The net  capaciL,y curve was 
determined by deducting the sediment volume from the gross 
capacity; the  sediment volume a t  any elevation being the fo l -  
lowing ra t io :  area  a t  any elevation i s  t o  the area a t  the 
spillway c re s t  a s  the volume i s  t o  the t o t a l  volume. (see p l .  3 
f o r  the  area-capacity curve. ) The dam ou t l e t  would have a maxi- 
mum capacity of 5,430 cubic f e e t  per  second. (see f i g .  3. ) 
The standard project  flood was routed through the reservoir  
t h a t  was assumed t o  contain a 100-year sediment volume dis-. 
t r ibuted t o  the spillway c res t .  The routing was made by 
standard flood-routing methods previously used. The spillway- 
c r e s t  elevation was s e t  coincident v i t h  the water-surface 
elevation obtained for  the reservoir-design flood. 

16. m e  spillway -design flood (maximum probable) was 
routed by assuming the reservoir-design-flood (standard project)  
peak had preceded the maximum probable peak by 2 days. A graph 
sho~~ring the rel.ationship between inflow-outflow and. the  reservoir  
water surface i s  shown on f igure  4. The required freeboard was 
predicated on wave height and on rideup and setup above the water 
surface i n  accordance srith information obtained by' the  spillway- *. design-flood routing. A freeboard of 5.5 f e e t  was selected 
although the computation showed 4.6 f e e t  would be suf f ic ien t .  

,* 
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17. Pertinent data.--Pertinent data on the Cave Buttes 
detention basin a r e  given i n  the following table:  

Drainage area and design values 

Drainage area ............................ sq,  ml. l e s .  . 193.0 
Reservoir-design flood: 

Peak inflow ................................ c . f . s . .  79,000 
Volume. .................................. acre- f t . .  39,000 

Spillway-design flood: 
. Peak inflow.. .............................. c. f .  s .  160,000 

Volume ................................... ac re - f t . .  85,700 
Sediment-storage requirement (100-yr. 

period). .............................. . ac re - f t . .  2,500 

General 

Reservoir: 
Area. . . . . . .  ................................. acre . .  825 

................................. Capacity acre- f t . .  28,800 
Embankment : 

TOP elevation.'.. ...................... f t . ,  m . s . 1 . .  1,621 
Maximum height ................................ f t . .  110 
Length ........................................ f t . .  2,100 

..................................... Freeboard f t . .  5.5 
Spillway: 

c r e s t  elevation. ..................... .it. . m. s .I.. 1,596.5 
Pool-drain conduit: 

Capacity ................................... c . f . s . .  5,400 
Diameter.. . . . . .  ............................... in . .  144 

18. Geology and soils.--The main embankment would span 
Cave Creek between two volcanic h i l l s .  The h i l l  forming the 
l e f t  abutment has a volcanic cover of basa l t .  The upper slopes 
a r e  covered with t a lu s  consisting of basa l t  boulders, and the 
lower slopes a r e  covered with residual s o i l  and basa l t  boulders. 
The h i l l  forming the r ight  abutment i s  composed of basa l t  flows 
with a hard, coarse basa l t  breccia exposed near the base of the 
abutment. The valley bottom between the h i l l s  as  exposed i n  
two trenches i s  composed of sand, gravel, cobbles, and boulders 
of a maximum s i z e  of about 24 inches t o  a depth of at l e a s t  
25 feet;  the  granular materials on the l e f t  s ide  of the  valley 
a r e  covered with at l e a s t  5 f e e t  of s i l t  and clay containing 
basa l  t i c  boulders. 



19. The spillway ~,iould be excavated through a saddle i n  
the ridge of the h i l l  forming the r igh t  abutment. The c re s t  of 
the saddle i s  covered with residual s o i l  and basa l t i c  rock frag- 
ments (containing caliche near the  silrface) t ha t  :ire probabl.y 
underlain a t  an undetermined depth by a coarse agglomerate with 
a tuffaceous matrix. 

20. The r igh t  end of the eas t  dike abuts the northeast 
s ide of the h i l l  forming t,he l e f t  abutment of the main embank- 
ment. Geologic conditions where the dike abuts the h i l l  are 
not known, except t h a t  a coarse agglomerate with a t u f f  matrix 
i s  exposed a t  the base of the  but te ,  about 1,600 f ee t  westward 
of the  abutment, and t h a t  the  lower slopes of the  h i l l  a r e  
composed of residual so t1  and basa l t  boulders and some ta lus  
deposits. The l e f t  end of the eas t  dike abuts a low-lying 
ridge tha t  has fractured volcanic bedrock exposed a t  the top 
of the  h i l l  and residual s o i l  brith basa l t i c  boulders covering 
the lower slopes. The a l l u v i a l  plain between the volcanic h i l l  
and low-lying ridge i s  composed of s i l t y  sand-clayey sand t o  
undetermined depths with some caliche exposed a t  the surface; 
the  deflecting dike northeastward of the eas t  dike would cross 
a topography and be i n  materials similar t o  t h a t  of the  a l l u -  
v i a l  plain southwestrrard of the low ridge. 

21. The l e f t  end of the west dike abuts the north end of 
the  same h i l l  forming the r igh t  abutment of the  main embankment. 
Outcrops of bedrock near the  dike but  about one-third the d i s -  
tance up the slope of the  abutment indicate the h i l l  i n  t h i s  
area  i s  composed of volcanic agglomerate with zhe lower slopes 
covered by ta lus  and residual s o i l  containing rock fragments 
and boulders. The r igh t  abutment has a residual cover of 
basa l t i c  and gran i t ic  fragments, but the  mass of the h i l l  i s  
probably grani te  t h a t  i s  cut by volcanic dikes; s ch i s t  i s  
exposed i n  the gu l l i e s  on the lower slopes, and grani te  is 
exposed above the sch is t .  The a l luv ia l  pla in  between the 
abutments is composed of s i l t y  sand-clayey sand t o  undeter- 
mined depths with some caliche exposed a t  the surface. 

22. Adequate quant i t ies  of borrow materials ciould be 
available f o r  construction of the proposed embankments. 
Impervious materials consisting of s i l t y  sand-clayey sand con- 
ta ining some gravel and occasional cobbles of a maximum s i ze  
of 18 inches could be obtained from the unnamed wash located 
immediately north of the eas t  dike; t h i s  material  i s  exposed 
i n  an abandoned materials p i t  with a depth of about 15 fee t .  
Material. f o r  the pervious drain could be obtained by processing 
the granular material  i n  the streambed immediately upstream from 
the main embankment. 



23. The embankments would be constmcted of pit-run 
impervious materials with a pervious chimney and downstream 
horizontal pervious drain. The foundation materials and the 
abutments would adequately support the proposed embankment. 
No settlement or stability problems are anticipated. Under- 
seepage beneath the dikes would be controlled by connecting 
the impervious section to the impervious foundation materials. 
Underseepage beneath the main embankment would be uncontrolled, 
but piping of the coarse foundation materials would not be 
expected. Throughseepage would be controlled by the pervious 
chimney and downstream drain. 

Cave Creek Channel 

24. Recommended plan. --The channel would be constructed 
along Cave Creek from Cave Buttes detention basin to the 
Union Hills diversion channel. It would carry releases from 
the detention basin outlet and side drainage from the Cave 
Creek drainage basin. The channel would be about 3.6 miles 
long. The reinforced-concrete-lined channel would have a 
trapezoidal cross section, side slopes of 1 vertical on 
2* horizontal, a base width of 10 feet, and a channel depth 
of 11 feet. The base slab would be 10 inches thick and the 
side-slope slabs would be 8 inches thick. Berms along the 
channel would be paved with asphalt. No bridges or utility 
relocations are anticipated. For details, see plate 5. 

25. Hydraulic design.--Cave Creek channel will convey 
the outflow from Cave Buttes Dam and intercept part of the 
flow from Cave Creek drainage area downstream from the dam. 
The selected design discharge of 6,000 cubic feet per second 
would correspond to a flood with a frequency of occurrence once 
in 100 years (included is 3,100 c.f .s. outflow from Cave Buttes 
  am). The excess flow not entering the channel would be inter- 
cepted by the Union Hills diversion channel. The water-surface 
profile was determined by the reach method with the friction 
loss evaluated by use of the Manning formula, assuming an "n" 
value of .Dl&. The channel would terminate in the Union Hills 
diversion channel. Velocity in the channel would be super- 
critical and the maximum would be 27 feet per second. The 
depth of flow would be about 8 feet. 

26. Geology and soils.--The channel would be founded on 
Recent alluvium consisting of sand, gravel, cobbles, and 
boulders with a maximum size of about 24 inches. Excavation 
and fill slopes of 1 on 2 would be stable. Although the depth 
to ground water is not known,a subdrainage system would 
probably be required. 



Union H i l l s  Diversion Channel 

27. Recommended plan.--The channel would be constructed 
i n  the  v i c in i ty  of and generally pa ra l l e l  t o  Union II i l ls  Drive, 
an east-west road north of Phoenix. It would co l lec t  flood- 
waters from the Cave Creek drainage basin below the proposed 
Cave Buttes detention basin and above Union H i l l s  Drive and 
d iver t  them t o  Skunk Creek. The channel would be about 
9-314 miles long and would. extend from 40th S t ree t  t o  Skunk 
Creek a t  Hedgpeth H i l l s .  The reinforced-concrete-lined 
channel would have a trapezoidal cross section, s ide slopes 
of 1 ve r t i ca l  on 2-1/4 horizontal, base width of 1 5  t o  60 fee t ,  
and wall heights of 10  t o  18 fee t .  The base s lab would be 
10 inches thick and the side-slope slabs would be 8 inches 
thick. Berms along the channel would be paved with asphalt.  
Seven bridges would be constructed. About 1,800 f e e t  of 
Union Hi l l s  Drive would be relocated. For locat ion and 
de t a i l s ,  see plates  4, 5, and 6. 

28. Hydraulic design.--The diversion channel ac t s  as  an 
interceptor  f o r  flows from the Cave Creek drainage area. The 
flow would enter  the channel a t  an angle of 30 degrees. The 
channel i s  designed f o r  discharges ranging from 2,000 cubic 
f ee t  per second a t  the upstream end t o  13,400 cubic f e e t  per 
second a t  the  downstream end. These values correspond t o  a 
flood having a frequency of occurrence once i n  100 years. 
The water-surface prof i le  was determined by the reach method, 
except a t  points where la rge  concentrations of side flow would 
enter; depths were determined by assuming equal momentum a t  
these points. The f r i c t i on  losses  were based on a value of 
I ,  11 n of .014 in  the Manning formula. Flow i n  the channel 
upstream from Cave Creek would be i n  the undulating stage 
due t o  a large inflow over the  s ide  of the  channel. Flow 
downstream from Cave Creek confluence would have super- 
c r i t i c a l  velocity.  Velocit ies i n  the channel would range 
from 8 t o  30 f ee t  per second. and depths would range from 
6 t o  1 5  f ee t .  A minimum freeboard of 2.5 f e e t  i s  provided. 

29. Geology and soils .--The foundation materials along 
the proposed channel are  Recent alluvium. In  the reach across 
Cave Creek, the  materials would be mostly sand and gravel. 
Outside the Cave Creek reach, the  predominant material  would 
be s i l t y  sand. The materials could be ea s j ly  excavated with 
ordinary earthmoving equipment. Excavation and f i l l  slopes 
of 1 v e r t i c a l  on 2 horizontal would be s tab le .  Ground water 
i n  1946 was a t  depths ranging from 100 t o  200 fee t ;  hence, a 
subdrainage system would not be required f o r  the l ined channel. 



Dreamy Draw Detention Basin 

30. Recommended plan.--The detention basin would be con- 
structed in Dreamy Draw on the south side of Shea Boulevard 
and east of 16th Street. The improvement would consist of an 
earthfill embankment, an ungated outlet, two saddle dikes along 
Shea Boulevard, and a detached spillway on the left abutment. 
The embankment would have a crest length of 480 feet, a top 
width of 20 feet, a height above streambed of 50 feet, and side 
slopes of 1 vertical on 2-$horizontal on the upstream side and 
1 tin 2 on the do~instream side. The outlet would consist of 
a 36-inch-diameter reinforced-concrete conduit with an ungated 
pool-drain structure. 

31. ITydraulic design.--The area-capacity curve for the 
Dreamy Draw detention basin was determined by use of a contour 
map with intervals of 10 feet. The net-capacity curve was 
determined by deducting the sediment volume. The outlet was 
predicated on voiding the reservoir within 1 week; because 
the outlet conduit is only 3 feet in diameter and could be 
rendered inoperative, no consideration was given toward 
reduction of the reservoir-design flood. The spillway crest 
was set by storing the volume of the reservoir-design flood 
plus the 100-year sediment volume. The spillway-design flood 
was routed by approved standard procedures, assuming the 
reservoir filled to the spillway crest at the beginning of 
the flood. Outlet and spillway discharges and flood-routing 
curves are shown on figures 5 and 6. Freeboard of 5 feet was 
selected after the effect of wind setup plus rideup and wave 
heights gave a figure less than the selected 5-foot minimum. 

32. Pertinent data.--Pertinent data on the DreamyDraw 
detention basin are given in the following table: 



Drainage area and design values - 
Drainage area. . . .  ........................ sa. miles..  1 .3  
Reservoir-design flood: 

Peak i n f l ~ ~ r . . . . . .  .......................... c . f . s . .  2,180 
Volume......... .......................... acre- f t . .  300 

Spillway-design flood: 
............................... Peak inflow. c . f . s . .  9,700 

Volume... ................................ acre- f t . .  1,330 
Sediment-s-borage requirement (100-yr. 

period). .............................. . a c re - f t . .  150 

General 

Reservoir: 
Area ........................................ acre. .  
Capacity ................................. acre- f t . .  

Embankment : 
Top elevation ........................ dt., m.s.1.. 

................................ Maximum height f t . .  
Length ........................................ f t . .  
Freeboard ...................................... f t . .  

Spillway: 
Crest elevation ....................... f t . ,  m.s.1.. 

Pool-drain conduit: 
Capacity ................................... c . f . s . .  
Diameter.. .................................... in . .  

33. Geology and. soils.--The embankment, dikes, collecting 
levee, and sp i l l~ ray  would be founded on bedrock. The rock i s  
moderately so f t  t o  moderately hard sch is t .  Most of the over- 
burden i n  the streambed has been removed by gravel-pit  opera- 
t ions .  Hence, a l l  the f i l l  material  h~ould be obtained from 
surplus excavation fo r  the Arizona Canal channel; material 
from the channel would be chiefly s i l t y  sand. Pr ior  t o  place-. 
ment of f i l l ,  a l l  the  exist ing overburden rvould be removed; 
and the f i l l  would be placed d i rec t ly  on the rock. F i l l  slopes 
of 1 on 2$ upstream and 1 on 2 downstream would be safe .  Under. 
seepage would not be a problem due t o  the low permeability of 
the rock foundation. Throughseepage would be controlled by 
the pervious chimney and downstream drain. 

Arizona Canal Diversiori Channel and Crenmy Draw Channel 

34. Recommended plan. --The Arizona Canal diversion channel 
\,auld co l lec t  f l o o d ~ ~ a t e r s  from the Cave Creek drainage area 



between Union H i l l s  Drive and Arizona Canal and from the 
Dreamy Draw drainage area. The diversion channel would con- 
nect with the downstream end of the  Dreamy Draw channel 
ea s t  of Seventh Street ,  thence along the north bank of the 
Arizona Canal t o  Skunk Creek, a distance of abou t13  miles. 
Dreamy Draw, the only improved channel intercepted by the 
diversion channel, would be a concrete-lined channel with 
a rectangular section 10 f e e t  wide and 34 miles i n  length. 
The construction of s i x  s t r e e t  crossings would be required. 
The Arizona Canal diversion channel ea s t  of Central Avenue 
would be entrenched i n  the  ground and would be concrete 
l ined  with a rectangular cross sectionranging i n  width 
from 10 t o  50 f ee t .  West of Central Avenue, the  channel 
would be unlined with a trapezoidal cross section having 
s ide  slopes of 1 ve r t i ca l  on 2$ horizontal. Base width 
would range from 20 t o  200 f e e t ,  and wall iielghts would range 
from 8 t o  20 feet .  The s ide  slopes would be revetted with 
1 5  inches of stone underlain by 6 inches of gravel f i l t e r .  
The revetment would extend from the  top of the  s ide  slope 
t o  8 f e e t  below the invert .  The stone would be grouted a t  
points of concentrated inflow. A concrete s t ructure  would 
be provided a t  the  confluence with Skunk Creek. Benns d o n g  
the channel would be paved with asphalt .  Construction of 
nine bridges would be required. The channel d e t a i l s  a r e  shown 
on p la tes  8, 9, 10, 11, and 12. 

35. Kydraulic design.--The diversion channel along the 
Arizona Canal ac t s  as  an interceptor.  Flow enters the  channel 
nearly at r igh t  angles. The channel along Dreamy Draw would 
carry the discharge from Dreanly Draw detention basin and 
provide capacity f o r  the  100-year flood f o r  the area between 
the detention basin and the Arizona Canal. The channel 
capacity would range from 100 td 1,500 cubic f ee t  per second. 
The Arizona Canal diversion channel would be designed f o r  a 
discharge ranging from 1,500 t o  18,500 cubic f e e t  per second, 
which i s  equal t o  a flood having a probabili ty of occurrence 
of once i n  100 years. The water-surface p ro f i l e  was deter-  
mined by the reach method with f r i c t i on  losses  computed by 
use of the  Manning formula. A value of "n" of .014 17as assumed 
i n  a l l  concrete portions t o  determine the maximum velocity; 
i n  the unlined portion, a value of "n" of .02 was assumed, 
giving a maximum veloci ty  of 8 f e e t  per  second. To determine 
the maximum depth i n  the unlined portion, a value of "n" of 
.03 was assumed. Depth of flow would range from 13 t o  16 
fee t .  The minimum freeboard would be 2.5 f e e t  f o r  the  
trapezoidal section and 2 f e e t  f o r  the rectangular section.  



36. Downstream terminus.--Several methods were tried in 
the .junction with the Skunk Creek channel improvement, .the most 
practicable being a concrete transition (base wiath, 125 -to 30 
feet) on a relatively steep slope to increase the velocity zrld 
decrease the base width. The transition would be perpendicular 
-to the Arizona Canal (acting as a side-channel spillway) and 
parallel to Skunk Creek at the confluence. This method gives 
relative velocity and depths in both the transition and Skunk 
Creek that are compatible. 

37. Geology and soils.--The foundation materials along 
the proposed channel would be Recent alluvium consisting 
mostly of silty sand. The materials could be easily exca- 
vated with ordinary earth-moving equipment. Excavation and 
fill slopes of 1 on 2 would be stable. Due to the close 
proximity of the Arizona Canal, perched ground water may be 
encountered in the excavation. A subdrainage system would be 
required for the lined portion of the channel. Grouted and 
ungrouted revetment would be 150-pound stone, and the filter 
material would be gravel. 

Skunk Creek Channel 

38. Recommended plan. --The channel would be constructed 
along Skunk Creek from the Hedgpeth Hills to the confluence 
with the New River. The channel would carry floodflows from 
Skunk Creek, Union Hills diversion channel, and Arizona Canal 
diversion channel. The concrete-lined channel would be about 
6+ miles long, with trapezoidal cross section, side slopes of 
1 vertical on 2+ horizontal, base vidth of 15 to 40 feet, and 
wall heights of 10 to 23 feet. The base slab would be 10 inches 
thick and the side-slope slabs would be 8 inches thick. Berms 
along the channel would be paved with asphalt. Four bridges 
would be constructed. About 2,000 feet of Union Bills Drive 
would be relocated. For location and details, see plates 13 
and 14. For inlet details, see plate 6. 

39. Hydraulic design.--The inlet for the improved channel 
consists OF a concrete-lined transition with wing levees extend- 
ing to high ground on the left and right banks to train the 
flow to the transition. Each wing levee is about 1,500 feet 
long, with an 18-inch stone facing and filter on the upstream 
side. Union Hills diversion channel enters the Skunk Creek 
improvement 1,500 feet below the inlet. Downstream from the 
confluence, the channel alinement follows generally the 
natural channel to the confluence with the Arizona Canal diver- 
sion channel. Downstream from the Arizona Canal to the 



New River, the channel base width would be 40 feet, ending in 
a stone-lined transition that acts as an energy dissipator to 
reduce velocities entering the New River channel. The design 
capacity of the channel vould range from 24,400 to 41,400 
cubic feet per second. Water-surface elevations and friction 
losses were based on the Manning formula with a value of "n" 
of .014 in the concrete-lined channel and .Oh0 in the stone- 
lined energy dissipator. Maximum depth in the concrete channel 
would be 21 feet; and velocity, 31 feet per second. Exit depth 
in the grouted-stone energy dissipator at the New River would 
be 7 feet; and velocity, 15 feet per second. 

40. Geology and soils.--The foundation materials along 
the proposed channel would be Recent alluvium consisting 
chiefly of sand and gravel. The materials could be easily 
excavated with ordinary earthmoving equipment. Excavation 
and fill slopes of 1 on 2 would be stable. Ground water was 
at a depth of about 100 feet in 1946; hence, a subdrainage 
system would not be required for the lined reach. Grou'ted 
and ungrouted revetment would be 150-pound stone, and the 
filter material would be gravel. 

New River Detention Basin 

41. Recommended plan. --The improvement would be located 
about 11 miles north of Peoria, on the New River at West Wing 
Mountain. The improvement would consist of an earthfill 
embankment, an ungated outlet, a saddle dike, and a detached 
spillway located in a saddle on the left abutment of the dam. 
The embankment would be 2,700 feet long; and the crest, at 
elevation 1,474 feet, would be about 80 feet above streambed. 
The saddle dike would be about 4,900 feet long. The top 
would be 20 feet wide, the embankment slopes would be 1 ver- 
tical on 2$ horizontal and 1 vertical on 2 horizontal on the 
upstream and downstream sides, respectively. The outlet ~rould 
consist of a 72-inch-diameter reinforced-concrete conduit, a 
concrete log rack at the inlet, and a concrete energy-dissipating 
structure at the outlet. The spillway would be excavated in 
rock with a crest length of 800 feet and a concrete sill at 
the crest elevation of 1,458 feet. For location and details, 
see plate 15. 

42. Hydraulic design. --The area-capacity curve, shown on 
plate 15, was computed on the basis of U.S. Bureau of 
Reclamation topographic survey (revised) dated May 1, 1946. 
Reservoir areas were determined at contour intervals of 10 feet, 
and the gross volume was determined for these intervals. 



The net  capacity curve was determined by deducting the sediment 
volume from the gross volume. The ou t l e t  would be ungated, 
with a maximum capacity of 1,000 cubic f e e t  per second. (see  
discharge curves shorn on f ig .  7. ) 

43. The standard project  flood was routed by assuming an 
empty reservoir  but  with the 100-year sediment d.istributed t o  
the spillway c res t .  The maximum water surface attained from 
t h i s  routing was used t o  es tabl ish the elevation of the  spillway 
crest .  The spillway-design flood (maximum probable) vas routed 
by assuming the reservoir-design flood (standard project)  had 
preceded the maximum probable flood by about 26 hours. 

44. A graph shoving the relationship between inflow- 
outflow and reservoir  water surface i s  shown on f igure  8. The 
freeboard was predicated on wave height, rideup, and setup 
above the water surface obtained by the spillway-design routing. 
A minimum freeboard of 5.5 f e e t  was selected although the compu- 
ta t ion  showed 4.3 f e e t  would be suf f ic ien t .  

45. - Pertinent data.--Pertinent data on the New River 
detention basin are  given i n  the following table:  

Drainage area and. design values 

Drainage area. . .  ........................... sq. miles..  170.0 
Reservoir-design flood: 

Peak inflow. ................................. c. f . 6.  . 60,000 
Volume......... ............................ acre-f t . .  33,700 

Spillway-design flood: 
Peak inflow. ................................. c . f . s .. 128,000 
Volume..... ................................ acre- i t . .  87,000 

Sediment-storage requirement (100-yr. 
period).  ................................. acre- f t .  . 10,000 

General -- 
Reservoir: 

Area .......................................... acre.. 
................................... Capacity acre- i t . .  

mbsnkment : ........................... Top elevation f t . ,  n i .8 .1 . .  .................................. Maximum height f t . .  
.......................................... Length f t . .  

....................................... Freeboard f t . .  
Spillway : ......................... Crest elevation f t . ,  m.s.1.. 
Pool-drain conduit: 

Capacity ..................................... c.7.s. .  
....................................... Diameter. i n . ,  



46. Geology and soils.--A field reconnaissance was made 
by a team of geologists and soil mechanics engineers. Observa- 
tions of the conditions at the site indicate that construction 
of an embankment at the proposed site is feasible. Pertinent 
information on geology and soils at the site of the New River 
detention basin is given in following subparagraphs. 

(a )  Foundation conditions.--The bedrock forming the 
right abutment is basalt that is overlain by an undefined thick- 
ness of loose volcanic rock and boulders. The material across 
the valley bottom is Recent alluvium consisting of silt, sand, 
gravel, and cobbles, with a maximum diameter of about 12 inches. 
The bedrock forming the left abutment and spillway area is e 
granite that is overlain by an undefined thickness of talus. 
The depth to ground water is unknown, but it is probably at a 
depth of 50 feet or more. 

(b_) Design ap~1ications.--Borrow materials for the embank- 
ment would be obtained from the valley bottom immediatelyup- 
stream fromthe embankment. Pervious material could be obtained 
by processing the streambed material. The same embankment 
section would be Used at this site as proposed for the Adobe 
damsite. Refinements of details will be made after explora- 
tions have been completed. The outlet would be founded on rock 
at the toe of the right abutment, and the spillway would be 1C 
notched into rock or the left abutment. 

New and Agua Fria Rivers Channelization 

47. Recommended plan.--The New River would be improved e 
from Skunk Creek to the confluence with the Agua Fria River, 
a distance of about 8 miles. Channelization would continue 
on the Agua Fria River to its junction with the flood plain of 
the Gila River, a dlstance of about 73 miles. The channeliza- 
tion upstream of U.9. Highway No. 60 would consist of excavat- 
ing an unlined channel and construction of a levee on the @ 
east bank and on the west bank only in the vicinity of Atchison, 
Topeka and Santa Fe railroad and U.S. Highway No. 60 bridges. 

48. Upstream from U.S. Highway No. 60, the channel would 
have a base rridth of 700 feet except through the Atchison, Topeka 
and Santa Fe railroad and U.S. High3iay No. 60 bridges xihere it 
would have a base width of 400 feet. The streamside of the 

a*  
levee would be revetted with 18 inches of stone underlain by 
,6 inches of gravel filter. The revetment would extend from 
the top of the levee to 5 feet below the channel invert. On 
the lsndside of the east-bank levee, a s m d ~ l  drainage ditch 
would be lined with stone to a height of 5 feet. Through the 
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bridges,  the  channel i n v e r t  would be protec ted  with stone. Side 
drainage would e n t e r  the  channel by cu lve r t s  passing through the  
levees .  Relocations would cons i s t  of modifying the  r a i l r o a d  and 
U.S. Highway No. 60 br idges ,  construction of a d ip  crossing a t  
Thunderbird Avenue, and of protec t ing u t i l i t i e s  i n  place o r  
moving them c l e a r  of construction.  

49. Do~tnstream from U. S. Highway No. 60, the  channel 
would have a bottom width varying from 800 t o  1,500 f e e t ,  be  
entrenched i n  t h e  ground, and have a levee only i n  the  v i c i n i t y  
of Avondale. Grouted stone would be  provided a t  the  confluence of 
the  New and t h e  Agua F r i a  Iiivers. Dip crossings would be pro- 
vided a t  Peoria and Olive Avenues; Indian School, Thomas, and 
McDowell Roads; and a t  Van Ruren S t r e e t .  About one-half mile 
of El  Mirage Road would be relocated,  and a bridge modifica- 
t i o n  would. be  required a t  Glendale Boulevard. The e x i s t i n g  
Southern Pac i f i c  r a i l r o a d  and U.S. Highway No. 80 bridges 
would be u t i l i z e d ,  an& t h e  e x i s t i n g  d ip  crossing f o r  the  
eastbound highway t r a f f i c  would be lowered. U t i l i t i e s  would 
b e  relocated as required. The alinement and d e t a i l s  a r e  shown 
on p l a t e s  16, 17, 18, 19, and 20. 

50. Hydraulic design. --The New and t h e  ligua F r i a  Rivers 
channelization and levee  upstream from U.S. Highway No. 60 were 
based on the  100-year frequency discharge with Adobe, Cave 
Buttes,  and the  New River detention bas ins  constructed. Flow 
would have s u b c r i t i c a l  ve loc i ty  with control  sec t ions  a t  the  
Atchison, Topeka and Santa Fe ra i l road  and U.S. Highway No. 60 
br idges .  These bridges would require modifications t o  t h e  
ex ten t  of four add i t iona l  spans f o r  t h e  ra i l road  bridge and 
two add i t iona l  spans f o r  the  highway bridge.  

51. water-surface computations upstream of U.S. Highway 
No. 60 were made by t h e  reach method, with f r i c t i o n  l o s s e s  
based on a value of "n" of .035 i n  the  Manning formula. Free- 
board of 3 f e e t  would be provided. The maximum depth would be  
13.0 f e e t ;  and the  ve loc i ty ,  11.5 f e e t  p e r  second. 

52. The channel would be excavated t o  have s u f f i c i e n t  
capacity t o  contain t h e  100-year design f lood (53,4.00 c . f . s . ) .  
The levee on the  l e f t  bank would prevent the  design f lood from 
overflowing t o  the  e a s t .  The t r a i n i n g  levees on the  r i g h t  bank 

! 
would channelize the  flow through t h e  bridges.  

53. The improvement downstream of U.S. Highway No. 60 
continues along t h e  New and the  Agua F r i a  Rivers t o  9,000 f e e t  
downstream of U. S. Highway No. 80 a t  Avondale, with a design 
capacity ranging from 53,400 t o  74,000 cubic f e e t  pe r  second. 
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The outlet would be protected from scour by dumped stone. The 
maximum depth is 9 feet; and the velocity, 14 feet per second. 
The water-surface profile was determined by computing the water 
surface based on an "n" value of .025 in the Manning formula. 

54. Geology end goi1o.--The founrlation materials along the 
proposed channels would be Recent alluvium consisting of silt, 
sand, and gravel. The materials could be easily excavated 
with ordinary earthmoving equipment. Excavation and fill 
slopes of 1 on 2 would be stable. Ground water was at a depth 
of about 100 feet below the ground surface in 1946. Ungrouted 
revetment would be 150-pound stone and would be underlain by 
a gravel filter. Grouted revetment would also be 150-pound 
stone but would not be underlain by a filter. 

55. Diversion and control of water.--Control of runoff 
would be accomplished by controlled construction. Closure of 
embankment for the detention basins would be accomplished 
after completion of the outlet so that it could be used as a 
diversion facility. The diversion channels would be con- 
structed starting at their lower ends to prevent problems 
resulting from the diversion of water. The improvement of 
existing channels would be done in periods of least rainfall 
expectancy. In case of flow in the New River or the Agua.Fria 
River, water would be diverted to either side of the channel 
untll work was completed on one-half the channel; the flow 
would then be channeled into the completed part. 

56. Rights-of-way. --Permanent rights-of-way would be 
required for the detention basins, channels, and levees. 
Permanent easements would be required for floodway and to 
restrict excavation in the New River and the Agua Fria 
River. A floodway easement clould be required downstream of 
construction on the Agua Fria River to about midchannel of 
the Gila River. Temporary easements during construction 
would be necessary on each side of the channels for the con- 
tractor work area. Additional temporary easements would be 
required for disposal areas along the diversion channels, 
Skunk Creek, and for fill along the lower Agua Fria River. 
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C O S T  E S T I M A T E S  

PHOENIX, ARIZ., AND VICINITY (~NCJ~UDING NEW RIVER) 
G I L A  RIVER BASIN, ARIZ. AND N. MEX. 

4 1. General.--This appendix presents the detailed estimate of 
construction and maintenance costs of the recommended improvements 
f o r  flood control i n  tha t  pa r t  of the Phoenix metropolitan area tha t  
i s  considered i n  de ta i l  i n  the main report. 

2. The estimated f i r s t  costs include estimates fo r  construc- 
a tion, relocations, rights-of-way, engineering and design, and super- 

vision and administration. Construction costs include dlowances 
fo r  contingencies. Costs of preauthorization studies are not 
included i n  the estimates. 

3. U n i t  prices.--Unit prices were developed by using current 
material, equipment, and labor costs typical  of work of th i s  nature 
i n  the v ic in i ty  of the s i t e  of the recommended improvements. A l l  
u n i t  prices are based on prices prevailing i n  October 1963. 

4. Construction period.--The construction period f o r  each of 
the recommended improvements is shown in  the following table:  

U n i t  - 
Years fo r  

construction 

Adobe detention basin and diversion channel. ............. 2 
Cave Buttes detention basin .............................. 2 
Cave Creek channel ....................................... 1 
Union H i l l s  diversion channel ............................ 2 
Dreamy Draw detention basin .............................. 1 
Arizona Canal diversion channel and Dreamy Draw channel.. 4 
Skunk Creek channel..... ................................. 2 
New River detention.. .................................... 1 
New River and Agua Pr i a  River channelization.. ........... JJ. 

5. Maintenance and operation.--Average annual maintenance 
charges for  the recommended improvements are estimated a t  $228,000. 
Maintenance would include periodic inspection of the work, removal. 
of debris, and repair  of damage t o  the structures. 

6.  RiEShts-of-way.--The s i t e  of the proposed improvements was 
inspected i n  December 1962. The r e d - e s t a t e  market concerned was 
analyzed t o  make an appraisal of cost. The estimates f o r  r ights-  
of-way ref lec t  cost of acquisition. 



7. Estimated cost summary.--A summary of the estimated costs for 
the units of the recommended plan is given in the following table: 

Estimated first costs of improvements under the recommended plan, Phoenix, 
Ariz., and vicinity (including - New River) based on October 1963 prices 

Unit of improvement : Federal : Non-Federal : Total 
: first cost : first cost : first cost 

Aalobe detention basin and ................... chaiinei.... : 
Cave Buttees detentisn basin.. .... : 
Cave Creek channel..... .......... : 
Union Hills diversion channel....: 
Dreamy Draw detention basin......: 
Dreamy Draw channel..............: 
Arizona Canal aiversion chsnnel..: 
Skunk Creelr channel.. ............ : 
New River detection basjn.. ...... : 

$4,650,000 
6,750,000 
1, goo, 000 
8,500,000 
460,000 
goo,ooo 

1~,6oo,coo 
7,460,000 
3,380,000 

New and Agua Jria RScers 
channel improvemvnts .... ...... :L7,80(: ,OOC : - 3,400.000 ..- : 21,200,000 



cost : u n i t  
Sescription : Unit : Quantity : Amount 

acct. : pr ice  ' 

NO. : : Subtotal : ~ o t d  

FEDERAL COSTS 

04. : Dam: 
.1 : Main embankment: ......... .......... clearing........... : Job.......:... : m p  sum : $5,000 :.... 

......... .. Excavation, trench.. :. Cu. ye.. : 60,000 : .... mbmkment...................: Cu. yd : l,23O,OOO : 
w Stone revetment..............: Cu. yd....: 50,000 : 
I 

w Fil ter . .  ..................... : Cu. yd.. .. : 1h0,000 : 1.50 : 210,000 :.... ..................................... Contingencies................: 207,000 :.... 
Subtotal, main embankment..:...........:............:...........: 1,530,000 : 

.... .2 : Outlet  works...................: Job.......:............: Lunp sum : 170,000 :.......... 
.5 : Auxiliary dan ( spil lvay) : 

sxcavartion...................: Cu. yd....: 3,000 : 2.. 00 : 6,000 :............ .......... Concrete s i l l . . . . . .  : Job.......:............: Lump sum : 19,000 :............ ...................................................... Contingencies 5,000 : ............ 
Subtotal, spinr.r a j i . . . . . . . . .  ...................................... 30,000 :............ 
Total, dam.................:...........:............:...........:............: $1,730,000 

09. : Channel improvement: . . .......... : Clearing and grubbing : Job.......:............: Lump sum : 5,000 : ..,......... 
: Zxcavation, channel............: Cu. yd .... : 2,000,000 : -45 : 900,000 :............ 
: Excavation, toe................: CU. yd....: 90,000 : .35 : 31,500 : ............ 



cos t  estimate f o r  recommended Adobe detention basin and diversion channel, Phoenix, Ariz., and v ic in i ty  
(including New River)--Continued 

cos t  : 
acct. : Description : Unit I Quantity I I Amount 

NO. : : price : Subtotal : Total 

09- : Channel improvement--Continued: : ... : Backfill, toe..................: Cu. yd. : 70,000 : $0.15 : $10,500 : ............ ................. : stripping..... : CU. yd.. ..: 40,000 : .40 : 16,000 ............. .... : Embanherit.....................: Cu. yd : 310,000 : .20 : 62,000 :. ........... 
: stone revetment................: Cu. yd .... : 56,000 : 5.00 : 280,000 :............ ... : Filter.........................: Cu. yd. : 15,000 : 1.50 : 22,500 : ............ 
: Contingencies ........................................................ 192,500 :............ ... Total, channel improvement ................................................... $1,520,000 

33 - ...... : Engineering and design..... ................................................... 
W 

370,000 ...................................................... 1 31. : Supervision and administration 
C 

180,000 

Total, project  f i r s t  cost t o  : 
the  United States..........;...........:............:...........:............: 3,800,000 

NON-FEDERAL COSTS 

.................... : Rights-of-ww ...................................... 350,000.: ............ 
: Relocations: 
: Utilities......................:...........:............:...........: 10,000 :............ 
: Highways and bridges.. ......... : ........... : ............ : ........... : 490,000 : ............ 

Total, project  first cost t o  : 
l oca l  interests............:...........:............:...........:............: 850,000 

~ o t a l ,  project  first cost.. .. : ........... : ............ : .......... .: ........... .: 4,650,000 



* 

Cost estimate f o r  the recommended Cave Buttes detention basin, Phoenix, k i z . ,  and v i c in i ty  (including 
New River ) 

Cost : 
acct. : Description - unit : : Unit : Quanti ty  : Amount 

pr ice  ' ' '  
PC. : : Subtotal  : Total 

F E D m L  CG%Tc.TC . . 

04 . : Dam: 
.1 : Yain embankment : ............ ........ Clearing and &rubbing : Job.......:............: Lurnp ~ u m  : $5,CQO : 

Diversion and control  of : :...do......:............:...do......: 15,000 :............ 
water. ............ Embankment fill..............: Cu. yd....: 1 ,715 ,OCO : $0.60 : 1,029,000 : .... ............ Scaling rock abutment........: Cu. yd : 17,6cc : 7.50 : 132,000 : ............ Excavation, trench...........: Cu. yd....: 32,CCO : .LO : 12,800 : 

w Excavation, stripping........: Cu. yd....: 33,CCO : .40 : 13,200 : ............ 
t 

LC Stone revetment..............: CU. yd....: 4P,FfC : 5 .00 :  2h4,000: ............ ............ Gravel f i l t e r  and toe drain..: Cu. yd....: l l l , L @ O  : 1 . 0 :  167,100: ............ Access road..................: Job.......:............: Lmp sum : 25,000 : .............. ........... ............ ........... ............ Contingencies.. : : : : 2L6,900 : 
Subtotal, mpin embankment..:...........:............:...........: 1,890,GOO :............ 

: 
.2 : Outlet k 7 0 I . k ~ .  ................. .: Job.. .... .: ........... .: ~ u m p  s~ : 280,000 : ............ 



Cost estimate f o r  the recommended Cave Buttes detention basin, Phoenix, b i z , ,  and v i c in i ty  (including 
New River)--Continued . , 

Cost : Unit : 
Description : Unit : Quanti ty  : Amount 

acct. : 
?lo. : : price : Subtotal  : Total 

c4. : Dam--Continued: 
.5 Auxiliary dam (-.rest dike): ....... Clearing and ~ ~ b b i n g .  : Job.......:............: lump sum i $5,000 : ............ 

Embankment f i l l .  .............. : Cu. yd.. .. : 1, ePC,000 : BC.60 : 1,128,000 : ............ 
Fcaling rock abutment........: Cu. yd....: 9,800 : 7.50 : 73,500 :. ........... 
Excavation ( ~ t r i ~ p i n g  and : cu. yd.. .. : 44,500 : .40 : 17,800 :. ........... 

toe ) . 
Stone revetment..............: Cu. yd....: 57,200 : 5 .00 :  2e6,000: ............ 
Gravel f i l t e r  and toe 6rain..: Cu. yd....: l b ,  COO : 1.50 : 21,OCO :.. .......... 
Contingencies.. .............. : ........... :. ........... : ........... : 228,700 : ............ 

W ...... Subtotal, west dike.. :. .......... :. ........... :. .......... : 1,760,OOC :. ........... 
;I\ 

: Auxiliary dam (east  dike):  
Clearing and grubbing. ....... : Job.. ..... :. ........... : Lump sum : 5,000 :. ........... ............ .. ........... &banlonent f i l l . .  : Cu. ~6. .  : 1,155 ,0@0 : .60 : 693,000 :. .... ...... 5.caling rock abutment. .: Cu.. yd : 11,600 : 7.50 : 87,000 :. ........... 
Zxcavation (s t r ipping 2nd : CU. yd.. .. : 25,500 : .4Q : 10,200 :. ........... 

toe) .  ............ Stone revetnent..............: Cu. yd....: 63,200 : 5.0P:  316,000: ........... Gravel f i l t e r  and toe drain..: Pu. yd....: 16,000 : 1.50 : 2h,OCO :. ........... ............ .............. ........... ............ Contingencies.. : : : : . 174,800 : 
Subtotal, e a ~ t  dike........:...........:............:..........: 1,310,000 :............ 

: Auxiliary dam (spinway)  : 
FXcavation...................: Cu. yd....: 88,000 : 3.00 : 264,000 : ............ 
Concrete sill................: JO~.......:............: ~ u m p  sum : 6,000: ............ ......... Contingencies................:...........:... :...........: $0 ,00.J : ............ .. Subtotal, spilh.?ay.........:...........:.......... z . . . . . . . . . . . :  310,000 :............ 

8 J) @ 
a 



Cost : 
acct.  : .- 
1 0 .  : 

D e ~ c r i ~ t i o n  : Unit : Quantity : Unit : 
. - : price : Subtotal  : Total 

Ob . : Dam--Continued: 

Total, Dam.................:...........:............:...........:............: $5,55C,OW 

........... gb.eer5.n~ and. d e s i m  ................................................... 620,000 ........ 31 : Su9ervision and aLninistr~tion. . . : . . .  ....................................... 320,000 

Total, project  first cost : 
t o  the United States. .  ... :. .......... : ............ : ........... : ............ : 6,G90,000 

W 
NON-FET:IGAL COSTS : -4 

. ..-g hts-of-way.............. ...... ...................................... $260,000 :,........... - 
Total, project  f i r s t  cost : 

t o  local  interests.......:...........:............:...........:............: 260,000 

........... Total, p ro jec t  f i r s t  cost..: ........... : ............ : : ............ : 6,75C,000 



cost estimate for  the recommended Cave Creek channel, Phoenix, Ariz., and vicini ty (including New River) 

cost : 
Description : Unit : Quantity : 

u n i t  
acct. : Amount 

NO. : 
price I Subtotal : Total 

FEDIF& COSTS 

09 : Channel improvement : 
: clearing.......................: Job.......:............: Lump sum : $5,000 : ........... 
: Excavation.....................: Cu. yd.... : 310,000 : $0.35: 108,500: ........... 
: concrete, invert...............: ~ u .  yd....: 5,900 : 12.00 : 70,800 :........... 
: Concrete, walls................: Cu. yd.... : 25,600 : 15.00: 384,000: ........... 
: cement.........................: Bbl.......: 47,300 : 4.25 : 201,025 : ........... ............. : Reinforcing steel .  : Lb........: 2,p0,000 : .11: 275,000: ........... 
: paved berms....................: Lin. ft...: 20,000 : 4.60 : 92,000 :........... 
: Subdrainage system...... ....... : Lin. ft...: 19,000 : 12.00 : 228,000 : ........... 

W ... 8 : Contingencies............... ...................................... - 195,675: ........... 
03 .. ........... ............ ........... ............ Totel, chenoel ioprovement. : : : : : $1,560,030 

30. ........ : Engineering and design...........:... ....................................... 19,000 
31 - : Supervision and administration...:...........:............:...........:............: 9, 000 

Total, project first cost to : ........... ........... ............ ............ ........ the United States.. : : : : : 1,840,000 

NON-FEDERAL COSTS 
" 

: Rights-of-way....................:... ........ .......................... 52,000 :............ 
: Relocations: 
: Utilities......................:...........:............:..........:..... 8,000 :............ 

Total., project f i r s t  cost to : 
local  interests............:...........:............:...........:............: 60,000 

Total, project f i r s t  cost....:...........:............:...........:............: 1,900,000 



- * e 

cos t  estimate fo r  the recommended Union H i l l s  diversion channel, Phoenix, Ariz., and v ic in i ty  (including 
New River) 

cos t  : 
acct. : Description : Unit : Quantity : : mount pr ice 
No. : : Subtotal : Total 

FEDEPAL COSTS 

09 : Channel improvement: ........... : Clearing.. ..................... : Job.. ..... :. .......... .: Lump sum : $10,000 : 
: Sxcavation.....................: CU. yd....: 3,100,000 : $0.35 : 1,085,000 : ........... 
: Compacted fill.................: Cu. yd....: 100,000 : .20 : 20,000 :........... 
: Concrete, walls................: Cu. yd.. ..: 81,800 : 15.00 : 1,227,000 :........... 
: concrete, slab.................: Cu. yd....: 59,200 : 12.00 : 710,400 : ........... ..... ....................... : cement.. : ~ b l . .  : 211,600 : 4.25 : 899,300 : ........... 

W 
........... : 3einforcing steel..............: Lb........: 12,000,000 : .ll : 1,320,000 : 

I w : paved berm.....................: Lin. ft...: ........... 52,000 : 4.60 : '239,200 : ........... : Contingencies.. ................ :. .......... :. ........... :. .......... : 819,100 : . ........... ............ .........., ............ Total, channel improvement.. : : : : : $6,330,000 

30. : Engineering and design..... ...... ................................................... 500,000 
31. ........ : Supervision and administration...:...........:.... .......................... 370,000 

Total, project  f i r s t  cost t o  : ......... the United States. ................................................... 7,200,000 





Cost estimate fo r  the recommended Dreamy Draw detention basin, Phoenix, Ariz., and v i c in i ty  (inckdding 
New River) 

~. . ~ cos t  : 
acct. : Description : Unit : Quantity : Unit : Amount 

NO. : : price : Subtotal : Total 

FEDERAL COSTS 

04. : Dan;: 
.1 : Mainembankment: ....... Clearing and grubbing. : Job.......:............: Lmp sum : $4,000 : ............ .. ................. Enbankment.. : Cu. yd.. : 114,000 : $0.60 : 68,400 : ............ ................... ... Scaling... : Cu. yd. : 1,000 : 7.50 : 7,500 : ............ - ............ .... oxcwation....... : Cu. yd : 7,500 : .40 : 3,000 : ............ ....... .... Stone................. : Cu. yd : 6,800 : 5.00 : 34,000 : ............ .... F i l t e r  material..............: Cu. yd : 5,600 : 4.50 : 25,200 : ............ 

w Contingencies. ............... :.....,.. . .  .......................... 27,900 :............ 
I 
i-1 Subtotal, main embangment..:...........:............:...........: 170,000 :............ 
P 

.3 : o u t l e t  W G & ~ . . . . . . . . . . . . . . . . . . . :  Job.......:............: Lump sum : 20,000 :............ 
5 Ku.xiiiaij dam ( dike) : ............. Collecting levee :...d~....-.:-...........:...d~...,..: 10,000 :............ 
: A-uxiliary dam ( spill%lay) : ............ Excavatign...................: CU. yd.. ..: 42,000 : 1.00 : 42,000 : .. ..................... Ccrncrete : Job..... :............: Lmp sUm : 10,000 :............ 

Contingencies ................ ...................................... 8,000 : ............ ......... subtotal ,  spillway ...................................... 60,000 : ............ 
Total, dam.. ............... : .......... .: ............ : ........... : ............ : $260,000 



Cost estimate for the recommended Dreamy Draw detention basin, Phoenix, Ariz., aad vicinity (including 
New River)--Continued 

cost : . . . . 
acct. : Description : Unit : Quantity : 

Unit Amount 

NO. : : price I- 
30 - ............................................................ : Engineering and design.. $55,000 ........... 31 : supervision and administration...:...........:. .......................... 15, 000 

Total, project first cost : 
to the United States.....:...........:............:...........:............: 330,000 

NON-FEDERAL COSTS 
W . . .  

1' 
P : Rights-of-way .................... ...................................... $lg,000 :............ 
N 

Total, project first cost : 
to local interests.......:...........:............:...........:............: . ~ 130, 000 

Total, project first cost..:...........:............:...........:............: 460,000 

I 



' a I 

cos t  estimate f o r  recommended Arizona Canal diversion channel, Phoenix, Ariz., and v ic in i ty  (including 
New River) 

cos t  : 
Description : Unit : Quantity : Unit : 

acct. : 
Amount 

No. : : price I Subtotal : ~ o t a l  

F'EDERAL COSTS 

09- : Channel improvement : ............ ..................... ..... ............ : Clearing.. : Job.. : : Lump Sum : $35,000 : .. .......... : Excavation, channel.. : Cu. yd.. : 7,600,000 : $0.45 : 3,420,000 : ............ .. .............. : Excavation, toe.. : Cu. yd.. : 416,000 : - 3 5 :  145,600: ............ 
: E$lbanlrment.....................: Cu. yd....: 123,000 : .2G : 24,600 : ............ 

.. ................ : Backfill, toe.. : Cu. yd.. : 280,000 : .15 : 42,000 : ............ .... : Concrete, walls................: Cu. yd : 9,400 : 22.50: 211,500: ............ 
: concrete: side slopes .......... : Cu. yd....: 13,000 : 15.00 : 195,000 : s........... ... w : Concrete, invert...............: Cu. yd. : 

26,500 : 12.00 : 318,000 :............ 
I 
w : Cement.........................: Bbl.......: ............ 81,200 : 4.25 : 345,100 : 
w : Reinforcing steel..  : Lb.. ...... : 4,530,000 : .ll : 498,300 : ............ ............ .............. : stone protection. : Cu. yd.. ..: 319,100 : 7-00 : 2,233,700 : ............ .. ....................... : Fil ter . .  : Cu. yd.. : 124,000 : 6.00 : 744,000 : ............ 

: Grouting revetment.............: Cu. yd....: 3,800 : 12.00 : 45,600 : ............ 
: Fencing.. ...................... : Lin. ft...: 18,600 : 1.00 : 18,600 : ............ ....................... ..... ............ ............ : paving.. : Job.. : : Lmp sum : 280,000 : 
: Side drains. ................... :...do......:............:...d~......: 25,000 : ............ ............ ............. : Subdrain system... : Lin. ft. . .:  7,600 : 12.00 : 91,200 : ...... ................ ..,........ . . . .  ............ : Contingencies.. : : : : 1,326,800 : ......... Total, channel improve%ent...:.. ....................................... $10,000,000 

.... 30 : Engineering and design....... ................................................... 840, oeo 
31. : Supervision and administration...:...........:..-.-......-:...........:............: 560,000 

Total, project  f i r s t  cost t o  : 
the United States..,.......:...........:............:.........:........: 11,400,000 



NON-FEDEBAL COSTS 

.................. ........... .......... ........... ............ : Rights-of-way.. : : : : $3, fl0,000 : 
w : Relocations: 
id : Utilities......................:...........:............:...........: 20,000 :............ 
C ......... .......... ............ .......... ......... : Highways and bridges. :. .:. ..:. : 810,000 : 

I Total, project first cost to : ........... ............ ........... ............ ........... local interests, : : : : : $4,200,000 

I ........... ............ ........... ............ .. Total, project first cost.. : : : : : 1.5,600,000 



Cost estimate f o r  tine recommended Dreamy Drav channel, Phoenix, Ariz., and v i c in i ty  (including New River) 

cost : 
Description : Unit : Quantity : Unit 

acct. : 
Amount 

. price 
No. : : Subtotal : Total 

FEDZRAL COSTS 

09- : Channel improvement: 
: Clearing..... .................. : Job.......:............: Lump sum : $5,000 : ............ 
: Excavation.....................: Cu. yd....: 80,000 : $0.45 : 36,000 : ............ .... ............ : Compacted backfill.............: Cu. yd : 37,000 : .20 : 7,400 : 
: concrete, walls..... . . . . . . . . . . .: Cu. yd .... : 6,200 : 22.50:  139,500:..  .......... 

W ............ ... I : concrete, invert............ : CU. yd....: 3,800 : 12.00 : 45.600 : 
i-' .......... ............ 
vl : Cement............... : Bbl.......: 16,000 : 4.25 : 68,000 : 

: Reinforcing steel..............: Lb........: 1,000,000 : .I1 : 110,000 :............ 
: paved hem-s....................: Lin. St...: 10; 500 : 4.60 : 48,300: ............ 
: Subdrainage system..... ........ : Lin. ft...: 10,500 : 12.00 : 126,000 : ............ 
: contingencies. ................. ...................................... 84,200 : ............ 

... Total, channel improvement ................................................... $670,000 

30. : Engineering and des im ........... ................................................... ~10,000 
31. : Supervision and a&inistration...:...........:............:...........:............: 40,000 

Total, project  f i r s t  cost  t o  : 
the United States..........:...........:............:...........:............: 820,000 



cos t  estimate fo r  the recormended Skunk Creek channel, Phoenix, Ariz., and v ic in i ty  (including New River) 

cos t  : 
Description : Unit : Quantity : 

uni t  : 
acct. : 

Amount 

No. : : price I Subtotal : Total 

FEDERAL COSTS 

09- : Channel improvement: 
: Clearing ....................... : Job.......:............: L q  sum : $10,000 :........... .. ................... : Excavation.. : CU. yd.. : 1,700,000 : $0.35 : 595,000 :. .......... 
: Compacted fill.................: Cu. yd....: 7'00,000 : .20 : 143,000 :........... 
: concrete, walls................: Cu. yd....: 73,800 : 15.00 : 1,107,000 :. .......... 
: Concrete, slab.................: Cu. yd....: 63,000 : 12.00 : 756,000 :........... 

W 
I : Cement.........................: Bbl.......: 219,200 : 4.25 : 931,600 :. .......... 
tJ 
-1 : Reinforcing steel. .  ............ : Lb.. ...... : 11,600,000 : . l o  : 1,160,000 :. .......... 

: Stone..........................: Cu. yd.. ..: 54,000 : 7 .00 :  378,000: ........... 
: Grout..........................: Cu. yd....: 7,000 : 12.00 : 84,000 :........... .......... : Filter,........................: cu. yd....: 15,000 : 6.00 : 90,000 :. 
: paved berms....................: Lin. f t . .  : 34,000 : 4.60 : 156,400 :........... 
: Contingencies.......... ........ ...................................... 792,000 :........... ...................................................... $6,2OO,OOO Total, channel improvement 

30. ............ ............ ........... ......... ........... : Engineering and design.. : : : : : 540,000 
31. ........... ............ ........... . ........... : Supervision and administration.. : : : :. : 360,000 

Total, project  f i r s t  cost to : 
the United States..........:...........:..........~..:..........:............: 7,100,000 



, .  . 

Cost e s t h a t e  fo r  the recornended Dreay  Draw channel, Phcenix, Ark., and v ic in i ty  (iacluding NeTl River) 
- -rJznl;izlv.eci 

cos t  : . . 
acct. : Description : Unit : Quantity : Unit : Amount 

No. : prick : Subtotal : Tota l .  

KON-F'EDER.6 COSTS 

........... : Rights-of-way.......... ...................................... $15,000 :............ 
W 
I : Relocations : 
P 
o\ : Utilities.......... ............. ...................................... 30,000 : ............ .......... : Highways and bridges. ...................................... 35,000 :............ 

Total, project  f i r s t  cost t o  : 
l oca l  interests............:...........:............:...........:............: $80,000 

Total, project  first cost....:...........:............:...........:............: 91)0,000 

a a a a a a I 





e e 

c o s t  estimate fo r  the recommended New River detention basin, Phoenix, Ariz., and v i c in i ty  (including 
New River) 

cos t  : 
: Unit Unit 

Description : Quantity : 
Amount 

acct .  : 
KO. : price I Subtotal : Total  

FEDEFiAL COSTS 

04. : Dam: 
.1 : Main embanbent: ........ Clearing and grubbing : Job.......:............: Lump sum : $4,000 : ............ 

Diversion and control  of :...do......:............:...do......: 20,000 : ............ 
water. .... ....... mbdment.. . . . . . . . . . .  : Cu. yd : 1,210,000 : $0.60 : 726,000 : ............ .... Scaling rock, abutment.......: Cu. yd : 22,000 : 7.50 : 165,000 :. ........... 

Excavation, inspection : cu. yd....: 28,000 : .40 : 11,200 : ............ 
trench. 

'A ...... . Excavation, str ipping..  : Cu. yd.. .: 32,000 : .40 : 12,800 :............ 
v 
w ... Stone revetment..............: Cu. yd. : 50,000 : 5.00 : 250,000 :............ ............ Gravel, f i l t e r  and t e e  : Cu. yd....: 125,000: 1.50 : 187,500 : 

drain. ................ Contingencies ...................................... 223,500 :............ 
Subtotal, main embankment..:...........:............:...........: 1,600,300 :............ 

3 : Outlet  works...................: Job.......:............: L q  sum : 200,000 :............ 
.5 : Auxiliary d m  ( saadl- dike) : : 

Bnbanlnaent...................: Cu. yd....: 68,000 : .60 : 40,800 :. ........... ... Stone revetzent..............: CU. yd. : 15,000 : 5.00 : 75,000 :............ ... Gravel, f i l t e r  and drain : Cu. yd. : 12,000 : 1.50 : 18,000 : ............ ................ contingencies ...................................... 26,200 : ............ ......... Subtotal, saddle dike......:...........:... :...........: 160,000 :............ 



I Cost : Unit : Amount 
acct. : Description : Unit : mantity : price . 
No. : : Subtotal : Total 

I 04. : Dam--Continued: 

.................................................. ncies z rv,uvv z.... 
11, spillway ............................................ 300,000 : 

I .......... .......... .......... ................ .......... TOW, dam.. : : : : : $2,260,000 
W 

I b 08. : Access mad ....................... : Job......: .......... : Lump sum ............ 180,000 ......................................................... md design 340,000 
md administration ................................................. 120,000 

I Total, project first cost : .......................................... to the United States......:.. 2,900,000 
f 

NON-FEDERAL COST 

I ................... ......... ......... .......... ............ : Rights-of-way.. :. :. : : 480,000 : 

Total. project first cost : 
xal interests...... ............................................... 480,000 

I 
project first cost...: ........... :..........- ............ :. ......... : 3,380,000 



cos t  : 
Description Unit : 

acct. : : Unit : Quantity : 
Amount 

I NO. : 
price I Subtotal : Total 

FEDERAL COSTS - - 
02. : Relocations: ..... ............ .............. .2 : Railroad bridge.. : Job.. : : Lump sum : $190,000 : 

~ o t a l ,  relocations..,........:...........:............:...........:............: $190,000 

09 - : Channel improvement: . Clearing.......................: Job.......:............: L i p  SUXX : 

I ............ : Side drains...........,.....,..: Job.......:............: Lmp sum : 20,000 : 
. mnt.inn~ncies..................:...........:...........:.........: 1,953,250 :............ ... . chmael h ~ f o v e n e n t  ................................................... 15,780~000 

I - Rnnineerine and design.. ......... ................................................... 900, 000 
ministration...:...........:............:...........:............: 9 30 000 

Total, project  first cost to : 
the United States..........:...........;............:...........;............: l7,8OO,OOO 



Cost estimate for recommended New River and m a  Fria River channelization, Phoenlx, biz., and vicinity 
(including New River) --Continued 

cost : 
acct. : Description : Unit : Quantity I Unit I Amount 
NO. : : price : Subtotal : Total 

NON-FEIERAL COSTS 

: Rights-of-way...... .............. ...................................... $1,700,000 :............ 
: Relocations: 
: Utilities......................:.. .......... .......................... 700,000 :............ 
: Highvays and bridges ........... :...........:............:=..........: 1,000,000 :............ 

Total, project first cost to : . . local interests.. .......... : ........... : ............ : ........... : ............ : $3, b0,000 
Total, project first cost.. ..................................................... 21,290,000 
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B E N E F I T S  F R O M  F L O O D  C O N T R O L  

PHOENIX, ARIZ., AND VICINITY (INCLUDING NEW RIVER) 
GILA RIVER BASIN, AHIZ. AND N. MEX. 

SCOPE 

1. This appendix presents supplemental material  on the detennina- 
t i on  of flood frequencies and the evaluation of flood-control benef i ts  
from constmction of the  recommended plan f o r  Phoenix, Ariz., and 
v i c in i ty  (including New ~ i v e r )  . 

FLOOD FREQUENCIES 

2. Two stream-gaging s ta t ions  ex i s t  i n  the  area under considera- 
t ion.  Both of these were recently established - one i n  1957 on Cave 
Creek about 1/2 mile upstream from the Arizona Canal and the other 
i n  1960 on the New River a t  the  Black Canyon Highway. No floods have 
occurred since establishment of these gaging s ta t ions .  

3. Large floods a r e  known t o  have occurred along Cave Creek i n  
February 1905 and August 1921; small t o  medium floods i n  September 1916, 
November 1919, January 1922, and August 1943; and minor floods i n  1935, 
1949, 1951, 1956, and 1957. However, no re l iab le  estimate of discharge 
is  available f o r  any of the  floods. 

4. A discharge-frequency relationship was therefore developed 
f o r  Cave Creek on the basis  of ( a )  correlation with the discharge- 
frequency curve f o r  Queen Creek at Whitlow Ranch Reservoir and (>) a 
generalized analysis of the floods of record i n  the  area. 

5. A discharge-frequency curve has been developed f o r  Queen Crec>l 
a t  Whitlow Ranch Reservoir. This curve i s  given i n  the  previously 
completed report  on Indian Bendwash, Arizona, dated April  15, 1962, a n i  
reproduced on p la te  1 of t h i s  appendix. 

6 .  Analysis of the past  floods of record indicates t ha t  flows 
equaling o r  exceeding the capacity of the Arizona Canal (600 c.f .s. ) 
occur about every other year. Since establishment of the  gage on 
Cave Creek, recorded flows approximating the capacity of the  Arizona 
Canal occurred as  follows: September 1958, 573 cubic f e e t  per  second; 
August 1959, 540 cubic f ee t  per second; and December 1960, 557 cubic 
f e e t  per second. 

7. f i r t h e r  analysis of the floods of record and t h e i r  re la t ive  
magnitude indicates t h a t  s i x  floods, the  floods of 1905, 1916, 1919, 
1921, 1922, and 1943, exceeded a discharge of about 6,000 cubic f e e t  
per  second. Applying Beard's t ab le  of plot t ing positions, as  indicated 



i n  EM 1110-2-1450 and considering t h a t  the  period of record extends 
from 1905 t o  1962 (a period of 58 yea r s ) ,  the  indica ted  p l o t t i n g  
p o s i t i o n  f o r  a f lood of 6,000 cubic f e e t  per  second i s  9 .8  times i n  
100 years.  

8. It i s  est imated t h a t  the  uncontrolled standard p r o j e c t  
f lood f o r  Cave Creek a t  Arizona Canal (65,000 c . f .  s .  ) would have 
t h e  same frequency of occurrence a s  a standard p ro jec t  f lood f o r  
Queen Creek a t  Whitlov Ranch Reservoir (110,000 c .  f .  s. ). 

9. A diccharge-frequency curve was then drawn f o r  Cave Creeli 
at  Arizona Canal using t h e  th ree  p o i n t s  indica ted  above a s  guides. 
A comparison with the  Queen Creek ct.,rve ind ica tes  t h a t  it has a 
s teeper  slope than t h a t  cL~rve. Considering t h e  h i s t o r y  of f loods  
i n  the  area,  t h i s  appears t o  ue reasonable. In add i t ion ,  r e s u l t s  
using t h i s  curve a r e  more conservative than assuming t h a t  t h e  Cave 
Creek c w v e  i s  p a r a l l e l  t o  t h e  Queen Creek curve. The frequency 
curve f o r  t h e  New River a t  U .S .  Highway 60 bridge was then drawn 
p a r a l l e l  t o  the Cave CreeIc carve, :;sing t h e  standard-project-flood 
es t imates  as  a h a s i s  f o r  comparxson of the  two curves.' 

PRESENT AND FUTURE VAL'VE OF PROPERTY I N  THE OVERFLOW AREAS 

10.  Two es t imates  were made f o r  proper ty  values i n  each over- 
flow area :  t h e  f i r s t  based on present  (1963) development and t h e  
second on t h e  average fiiture development over the  next 100 years.  
Estimates of t h e  1963 valises of improvemtcts. subjec t  t o  f lood 
damage were made by use of (a) assessed valuat ions  of the  county 
assessor  adjus ted  t o  market value of t h e  property,  (b) valuat ion  
data  supplied by l o c a l  i n t e r e s t s ,  and '%) fie1.d innpect io i~s  and 
appra i sa l s  of the  i r e s e n t  development i n  t h e  overflow areas .  

11. Estimates of average f u t u r e  values were made p r i n c i p a l l y  
by considering population, r e s i d e n t i a l ,  blisiness, and i n d u s t r i a l  
t r ends  i n  the  overflow a r e a s  considered. Consideration was a l s o  
given t o  t h e  increase i n  per  cap i t a  income and l e v e l  of l i v i n g  over 
t h e  f u t u r e  and t o  the a v a i l a b i l i t y  of space f o r  fu tu re  expansion. 

1%. The populat ion growth fo recas t  f o r  t h e  overflow a r e a s  i s  
based on da ta  and es t imates  supplied by the  Maricopa County Planning 
and Zoning Commission and t h e  c i t y  of Phoenix and by p r i v a t e  
i n t e r e s t s .  Table 1 and p l a t e  4 summarize the  a c t u a l  and estimated 
population growth during the  period 1920 t o  2013 f o r  Maricopa 
County, the  c i t y  of Phoenix, and t h e  overflow a reas  considered i n  
t h i s  r epor t  f o r  Phoenix, Ariz.,  and v ic in j - ty  ( including New ~ i v e r ) .  
Records of population of t h e  overflow a reas  p r i o r  t o  1160 a r e  not 
ava i l ab le .  For purposes of t h i s  r epor t ,  population p ro jec t ions  
were only made t o  2013 - 50 years from the  present  da te .  



Table 1 

Smmsry of population data f o ~  ~flaricopa, -- C o u n h t h e  ~ t a t & h i z ~ n a ,  
and the overflow areas mder consideration, Phoenix, Ariz., and 
vicinity (including New ~ X ~ i l a  River b a ~ i n ,  Ariz. and N. Mex. 

Population 

Overflow areas 
Maricopa , Year . ' City of : 

: County : Phoenix : : Skunk Creek, 

: Cave Creek : Ne~r River, 
: Agua Fria  River 

.................................. l po . . . :  go,ooo : 29,000 ........... 1940 ... : 186,000 : 65,000 : ...................... 
1950,..: 332,000 : 10~,000 .................................. 
1960...: 664,000 : 439,000 .................................. 
1963. ..: 800,000 : 500,000 : 91, 000 : 2,500 
1980.. .: 2,000,000 : L,220,000 : 188,000 : 6,090 
2000.. .: 5,100,000 : 3,000,000 : 201, 000 : 20, 000 
2013.. .: ~ , ~ O O , O O O  : 5,000,000 : 201,000 : 36,000 

Note. Bases fo r  data rn follows: 1 9 0 ,  lg)cO, 1950, and 1960 - U.S.  - 
Census; 1963 throu h 2013 - (e)  county - based on ' Jd lcy  National A: 

Bank projections, y2) overf l~w areas - estimate by U.S. Army Engineer 
District ,  Los Angeles. 

13. Pertinent information on +,he estimaxed growth in the two 
overflow areas mder detalled coiisideratjon i n  t h i s  raport is given 
i n  the following subparagraphs. 

9 ( Cave Creek o-rerf1.0~ area.--Population ill the Cave Creek over- 
flow area i s  estimakd t o  increase by 125 percent over tke next 50-year 
period, as compared t o  an estimated increase of 900 percent for  the 
c i ty  of Phoenix. A more conservative estimate was used for  the Cave 
Creek area because of the greater density of development tha t  now 
exists  in the Cave Creek area, as compared t o  the density of develop- 

@. ment f o r  the entire Phoenix area. An analysis of the space require- 
ments for  the forecasted growth indicates tha t  there i s  sufficient 
vacant land available t o  accommodate the growth. In addition, a 
reduction i n  agricultural acreage w i l l  occur. 

(b) Valuations of residential, commercial, public, u t i l i ty ,  and 
highwey properties will generally follow +he population growth. 
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Industr ia l  property values, however, w i l l  increase in 1 b e  with fore- 
casts made by Western B ~ ~ s i n e s s  Consultants, Inc., as given i n  the 
mzin report under the  heading "Occupations and Industries." These 
forecasts indicete an increase of indus t r ia l  develo?me~it of about 
85 percent i n  the  22-year period from 1958 t o  1980 and continued 
growth beyond t h a t  date. Railroad property values will increase t o  
re f lec t  t he  servicing of new industr ia l  plants.  The values of agri-  
cul tural  property uld of i r r iga ted  land w i l l  decrease i n  the future, 
reflecting the displacement of agricul tural  land t o  urban uses. 

(2 )  In addition t o  the  increase i n  physical proper$ies t o  be 
a 

located i n  the  overflow area over the  next 100-year period, it i s  
reco@;nized t h a t  the  gross national product per capita and the per 
capita income have been increasing s teadi ly.  till forecaste of the 
national econoxqr indicai;e t h a t  these per capita values w i l l  continue 
t o  iocrease. In  the  past, per capita income increases in the  Phoenix 
area have exceeded national ra tes  by a substantial  amount. For pur- 
pose of t h i s  report, it was assumed tha t  the per capita income i n  the 
Phoenix area wouid increase at a r a t e  of 1.5 percent, compounded 
annually, which i s  approxi!netely the r a t e  forecast f o r  the United States 
as a whole. 

(d) The values of averege future developments were discounted 
t o  present-worth amounts by methods established i n  EM ll20-2-ll8, 
appendix 11, 

(2 )  Tne resu l t s  of t h i s  enalysis indicate tha t ,  over the  next 
100-year period, the averwe value of property within the  Cave Creek 
overflow area w i l l  be about 120 percent greater  than t i e  value of 
present development. 

0 

0 

o* 
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* (f) Skunk Creek-New River-Agua Fria  River overflow area.--Popula- 
t i on  syowth i n  the Phoenix metropolitan area w i l l  have a major impact 
on the economy of the Skunk Creek-New River-Agua Fr ia  Pdver overflow 
area. As indicated i n  the main report under "Type arid Value of Prs:>ertg 
i n  the  Cverflow Areas," expansion of the Phoenix urban area t o  t h i s  
overflow area w i l l  occur within about 5 years. Becau9e the density 
of development along Skunk Creek, the  New River, and the Agua Fr ia  
Fr ia  River i s  very low, as  compared t o  the Phoenix metropolitan area, 
future  growth ra-tes f o r  t h i s  area  w i l l  exceed growth ra tes  f o r  the 
c i t y  of Phoenix. An increase of 1,100 percent over the next 50 years 
Iras estimated f o r  the Skunk Creek-New River-Agua Fria River area  as  
compared t o  a forecasted increase of 900 percent for  the  c i t y  of 
Phoenix. 

(FS) Property values f o r  the  Skunk Creek-New River-Agua F r i a  
River overflo~r area  would generally fol.low population growth. Residen- 
t i a l  development would take place t o  house the forecasted. increase i n  
population. Industr ia l  development, which i s  minor a t  the present 
time, would increase i n  magnitude u n t i l  it would compare equally, on 
a percentage bas i s ,  with indus t r ia l  development i n  the Cave Creek are@,. 
Agricultural values w i l l  eecrease, ref lect ing the displacement of sucll 
land t o  urban uses. 

( h )  Per capi ta  income increases and. present-worth factors  were 
applied t o  values i n  the Skunk Creek-New River-Agua Fria River area  
s imilar  t o  the  application of such factors  t o  values i n  the  Cave Creek 
area. The resu l t s  of t h i s  analysis inciicate tha t  over the next 100-year 
period the average value of property within the Skunk Creek-New Rive;.- 
Agua Fr ia  River overflow area w i l l  be about 10 times the value of 
presen-t development. 

(i) A sumnary of average future values is given i n  the main 
report under the paragraph heading "Type and Value of Property i n  
the Overflow Areas." 

I ~ .  

DAMAGES PRCM FTJTURE FLOODS 

14. A summary of estimates of damage tha t  would resu l t  from 
future floods of various magnitudes i n  the overflow areas of Cave 
Creek, Skunk Creek, the New River, and the Agua Fria  River i s  giver, 
i n  the  main report. Curves showing the relationship between peak 

(I) discharges i n  cubic f e e t  per second and t o t a l  damage i n  dol lars  u d e r  
average future  conditions i s  shown on pla-tes 2 and 3. The discharge- 
damage curves were combined with the proper discharge-frequency cwve 
shown on p la te  1 t o  obtain tlie damage-frequency curves a l so  shown on 
plates  2 and 3 .  The area under the  damage-frequency curves represents 
the  estimated average annual damage fo r  the  area. 
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APPENDIX 5 . COMMENTS OF OTHER AGENCIES 

PHOENIX. ARIZ., AND VICINITY (INCLUDING NEW R I V E R )  
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SCOPE 

This appendix includes the comments of Federal. and 
State agencies on t h i s  report .  Where pertinent,  rep l ies  
of the U.S. Army Engineer Dis t r ic t ,  Los Angeles, are  
included. 



D i s t r i c t  Engineer 
U. S. Army Engineer  D i s t r i c t ,  Los Angeles 
P. 0. Box 17277, Foy S t a t i o n  
Los Ange les ,  C a l i f o r n i a  90017 

Your Reference:  
SPLGP-F 

Dear S i r :  

T h i s  o f f i c e  has  reviewed your I n t e r i m  Report  on Survey f o r  
Flood C o n t r o l ,  PhoenLx, Arizona,  and v i c i n i t y .  

The proposed works w i l l  have l i t t l e  o r  no d i r e c t  e f f e c t  on 
I n d i a n  l ands .  However, t h e  o v e r - a l l  b e n e f i t s  of t h e  p r o j e c t  
w i l l  enhance t h e  economic w e l l  b e i n g  of t h e  e n t i r e  a r e a  
i n c l u d i n g  a d j a c e n t  I n d i a n  land.  We t h e r e f o r e  endorse  t h e  
proposed p r o j e c t  wi thou t  q u a l i f i c a t i o n .  

The o p p o r t u n i t y  t o  review t h e  r e p o r t  i s  a p p r e c i a t e d .  

S i n c e r e l y  y o u r s ,  



IN REPLY REFER TO: 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF LAND MANAGEMENT 

Pacific Southwest Field Representative 
401 Boston Building 

Salt Lake City, Utah 841 11 

December 16, 1963 

Colonel Ea r l  C. Peacock 
District  Engineer, Corps of Engineers 
Army Engineer District, Los Angeles 
751 South Figueroa Street 
Los Angeles, California 90017 

Dear  Sir: 

The following comments a r e  submitted in response to your request of 
November 18 (SPLGP-F), on the proposed interim report  fo r  flood- 
control, Phoenix, Arizona, and vicinity. 

Generally, the proposed program will not seriously affect the manage- 
ment programs of the Bureau of Land Management for  the public lands 
in the a rea .  While a good par t  of the watershed involved in the program 
i s  public domain, most  of the construction involves downstream struc-  
tu res  in the immediate vicinity of Phoenix, where BLM administers  
l i t t le,  i f  any, lands. A portion of the dams and channels will be located 
on public land. Some mining claims may also be involved. F o r  exam- 
ple, a 40-acre t r ac t  near  the a i rpor t  i s  leased for  a sand and gravel 
operation; however, no ser ious problems a r e  anticipated. 

Some public lands may be involved a t  the New R.iver, Cave Buttes, 
Dreamy Draw, and Adobe s t ructure s i tes  and other small  amounts 
may  be located along the New River channel. A status check has  been 
made to determine this. Apparently no application for  withdrawal o r  
right-of-way has  been filed fo r  the projects. So f a r  a s  range programs 
a r e  concerned, the proposed s t ruc tures  will have little o r  no affect on 
BLM operations. As we have no intensive range management o r  con- 
servation programs contemplted for  BLM lands in this vicinity, we can 
foresee no conflicts with current grazing activities. 

It i s  possible that ou r  land disposition programs may be affected indir- 
ectly where public lands may be in demand o r  devoted to such uses a s  
homesites,  recreation, e tc . ,  and access  to them i s  removed by the 



construction of the channels and dikes. Our present planning has not 
progressed to the point where we can pinpoint this occurring. 

Also, in view of our need in this area  to expand wildlife habitat and 
our cooperative ventures with the Arizona State game and fish depart- 
ment, it is  our feeling that where it i s  at  all legally possible, dead- 
water storage should be retained for the benefit of game birds. 

Sincerely, 

lA4--qA~ "---**- 
V i r g i l .  Heath 
Representative, Pacific Southwest 

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

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

30 December 1963 

0 

SPLGP-F 

M r .  Virgi l  T. Heath 
Pacif ic  Southwest Field Representative 
Bureau of Land Management 
U.S. Department of the In te r ior  d 
401 Boston Building 
S a l t  Lake City, Utah 84111 

Dear Mr. Heath: 

Reference i s  made to your l e t t e r  of comment of 16 December 1963 
regarding our proposed interim report  fo r  flood control, Phoenix, 
Arizona, and v i c in i ty  (including New ~ i v e r  ) . 

Your comment i s  noted regarding the effect  of the  proposed project  
on your land disposit ion programs, and t h a t  access t o  those lands may 
be removed by construction of the project .  If the recommended plan of Z 
improvement is  authorized, you wi l l  be informed, during the detailed 
design studies, of the def in i te  location of those improvements. A t  
t h a t  time, the problems of access t o  public lands and withdrawal of 
such lands w i l l  be resolved. 

You also comment on the need t o  expand wildl i fe  habi ta t  and the 0 
retention of dead-water storage for  the benef i t  of game birds. We 
agree a s  t o  the des i r ab i l i t y  of incorporating such features  into  the 
plan of improvement, i f  such features  can be just i f ied.  More detai led 
studies w i l l  be given t o  enhancement of wi ld l i fe  habi ta t  i n  the  
def in i te  project  studies a f t e r  authorization of the project .  

Sincerely yours, 

/s/ A. R. MARSHALL! 
Lt. Col., Corps of Engineers 
Deputy Di s t r i c t  Engineer 

a* 

., 
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AREA OIHECTOH 
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UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF MINES 

m 
AREA P 2 2 4  N E W  CllbTOM IiOII5F 

DENVER COLORADO 8 0 2 0 2  

December 12, 1963 

Your reference:  
SPLGP-F 

E a r l  C.  Peacock, Colonel 
U. S. A m y  Engineer D i s t r i c t ,  Los Angeles 
Corps of Engineers 
751 South Figueroa S t r e e t  
Los Angeles, Ca l i fo rn ia  90017 

Dear Colonel Peacock: 

The proposed Corps of Engineers "Inter im Report on Survey f o r  Flood 
Control, Phoenix, Arizona and Vic in i ty  (Including New Rive r ) , "  which 
was submitted with your l e t t e r  of November 18, has been reviewed and 
the  p r o j e c t  a r ea  examined by resource engineers  of the Bureau Of 

Mines s t a t ioned  a t  Tucson. Their  r epor t ,  i n  which I concur, follows: 

The f lood c o n t r o l  works proposed would be p a r t l y  i n  u n s e t t l e d  a reas  
nor th  and northwest of the metropoli tan area  of Phoenix and p a r t l y  
wi th in  b u i l t u p  c i t y  and suburban a r e a s .  

I n  reviewing t h e  p r o j e c t  with r e spec t  t o  i t s  e f f e c t  on mineral  
resources,  the  f i l e s  of' the Bureau of Mines were consulted, and a 
b r i e f  f i e l d  examination was made t o  ve r i fy  the present  s t a t u s  of 
mineral  explora t ion  i n  the  a r e a .  

This l e t t e r  r epor t  dea l s  only witn poss ib l e  l o s s  of p o t e n t i a l  mineral 
reserves  t h a t  might become unavai lab le  because of t h e  proposed con- 
s t r u c t i o n .  Ownership and va lua t ion  of the  property involved a r e  not  
considered. It is concluded t h a t  t h e  a rea  has a low p o t e n t i a l  f o r  
minerals  o the r  than sand and gravel ,  and t h a t  poss ib l e  l o s s  of 
reserves  because of  the  p r o j e c t  would be neg l ig ib l e .  

The cons t ruc t ion  zone and t h e  drainage bas in  upstream from planned 
p r o j e c t  works have a long h i s t o r y  of mineral  explorat ion,  l a rge ly  
unsuccessful ,  f o r  copper, gold, and o the r  meta ls .  The proposed 
p ro jec t  would have an e f f e c t  only on depos i t s  i n  the  immediate con- 
s t r u c t i o n  a r e a .  The mineral  p o t e n t i a l  upstream would be unaffected.  
Even i n  t h e  cons t ruc t ion  zone, the  few known mineral  prospects ,  with 
one exception, a r e  on high ground t h a t  would remain access ib l e  f o r  
exp lo i t a t ion .  
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The exception i s  a mercury occurrence i n  Dreamy Draw i n  T. 2 N., 
R.  3 E., and T. 3 N., R.  3 E., northwest of t h e  Phoenix Mountains. 
Par t  of t h e  a rea  involved i n  t h e  proposed Dreamy Draw de ten t ion  
bas in  and channel i s  covered by patented o r  loca ted  mineral  claims 
on small ,  mercury-bearing ve ins  i n  s c h i s t .  The depos i t s  have been 
developed a t  var ious  times between 1916 and 1947 through underground 
openings--shafts and tunnels ,  but no production has been made o the r  
than token amounts, perhaps a s  much a s  25 f l a s k s  of mercury i n  a l l ,  
r e t o r t e d  a t  t h e  mines. 

The depos i t s  a r e  described i n  B u l l e t i n  No. 122 of the Arizona 
Bureau of Mines, 1927, pp. 44-60, and i n  U. S. Geological Survey 
B u l l e t i n  690, pp. 95-110. Two repor t s  i n  t h e  Tucson f i l e s  of t h e  
Bureau of Mines a l s o  dea l  with t h e  deposi ts :  A conf iden t i a l  U.S.G.S. 
memorandum repor t  by Max D.  Cri t tenden i n  1943, and a U.S.B.M. r epor t  
by Lincoln A .  Stewart i n  1947. Both r epor t s  were made t o  eva lua te  
reques ts  of proper ty  owners f o r  Government explora t ion .  Both 
reques ts  were denied on t h e  bas i s  t h a t  fu r the r  work was not  warranted. 

A t  l e a s t  t h r e e  groups of claims have been located covering most of 
upper Dreamy Draw and t h e  lower s lopes  of the  Phoenix Mountains. 
No work is  being done cu r ren t ly ,  a l l  su r face  bui ld ings  and equipment 
have been removed, and most underground workings a r e  inaccess ib l e .  
Flood con t ro l  f e a t u r e s  would not  i n t e r f e r e  with f u t u r e  operat ion of 
workings on the  s lopes  above Dreamy Draw. Only c e r t a i n  ground i n  
the  f l o o r  of Dreamy Draw channel would become unavai lable  f o r  mineral  
explora t ion .  The major s h a f t  i n  the  a rea  was on t h e  Rico patented 
group of claims, ad jacent  t o  t h e  dry stream bed about 3 mile below 
t h e  s i t e  of t h e  de tent ion  bas in  dam. This s h a f t  has been destroyed, 
al though t h e  dump remains. Concrete foundations nearby mark t h e  s i t e s  
of a m i l l  and a furnace.  Pa r t  of t h e  claim a rea  has been used a s  a 
t r a s h  dump but  is  now posted by the county t o  p r o h i b i t  such use.  
A g rave l  road along the draw, Shea Boulevard, has been replaced by 
Northern Avenue, a hard-surfaced highway on h igher  ground. 

Based on the published mineral  r e p o r t s  on the  a rea  and on the two 
conf iden t i a l  r e p o r t s  made by Government examiners i n  1943 and 1947, 
the  conclusion reached i s  t h a t ,  alt'nough mineral  occurrences a r e  
present  l oca l ly ,  no worthwhile depos i t s  o ther  than sand and g r a v e l  
occur i n  t h e  a rea  i n  which cons t ruc t ion  i s  planned. The Phoenix 
a rea  conta ins  many sand and g rave l  depos i t s  of the  same m e .  Any 
s u i t a b l e  sand and g r a v e l  excavated during t h e  course of t h e  work 
could be u t i l i z e d  t o  advantage on the  job o r  s tockpi led  f o r  f u t u r e  
use. 



The tenor  of mercury minera l iza t ion  a s  indica ted  by seve ra l  i n v e s t i -  
ga t ions  i s  poor, the  reserve  p o t e n t i a l  i s  low, and the  p o s s i b i l i t y  
of f u t u r e  p r o f i t a b l e  mining operat ions remote. The depos i t s ,  
therefore ,  do not  appear t o  be a  s i g n i f i c a n t  mercury resource.  

Yours very t ru ly ,  

Robert W .  Geehan 
Area Di rec to r  
Area V Mineral Resource Office 



U. S. DEPARTMENT OF COMMERCE .I 

U.S. Army Engineer District 
Los Angeles 
Corps of Engineers 
751 South Figueroa Street 
Los Angeles, California 90017 

Attention: Chief of Engineering Division 

Dear Sir : 

Reference is made to your telegram of January 10, 1964, concerning 
our comments on your interim report for flood control, Phoenix, 
Arizona, and vicinity (including New River). 

We have no comments to add to that already carried in Paragraph 103 
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, 
n 

‘?LAd&&p4' W. H. BAUGH 
. . 

Division Engineer 



UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

REGION 3 

IN REPLY BOULDER CITY. NEVADA 
REFER TO: 3;700 

Your reference: 

Dis t r ic t  Engineer 
U. S. Amy Engineer 

Dis t r ic t ,  Los Angeles 
P. 0. Box 17277, Foy Station 
Los m l e s  27, California 90017 

Dear S i r :  

We have reviewed the Interim Report on Survey fo r  Flood Control, 
Phoenix, Arizona and Vicinity (Including New River) transmitted 
by your l e t t e r  of November 18, 1963, and have the following general 
comments : 

The recommended plan of improvements would a l lev ia te  a serious 
loca l  flood problem within the rapidly growing Phoenix metropolitan 
area. It would protect the overflow areas along Dreamy Draw, Cave 
Creek, Sku& Creek, the New River, the  Agua Ria River, and several  
other unnamed washes. As a resu l t  of t h i s  protection, optimum 
development of the  land by commercial and resident ia l  in te res t s  
could be realized. 

The Granite Reef Aqueduct of the Central Arizona Project, proposed 
by the  Bureau of Reclamstion, crosses three of the drainage basins 
i n  which the subject pLan has proposed features. The aqueduct 
alignment now under consideration would pass just upstream from 
the Lower New River Detention Basin, d i rec t ly  through the Adobe 
Detention Basin, and downstream from the Cave Buttes Detention 
&sin D m  s i t e .  

These proposed flood control f a c i l i t i e s  could be adapted fo r  
multiple-purpose use with mutual advantages fo r  the Central Arizona 
Project Aqueduct f a c i l i t i e s ,  the future municipal water supply 
treatment and dis t r ibut ion f a c i l i t i e s  of the c i t y  of Phoenix 
supplied from the Central Arizona Project, and recreation plans 
of the Maricopa County h r k s  and Recreation Department. 



In recent meetings between Corps of Engineers and Bureau of 
Reclamation personnel, coordination of c m o n  planning studies 
has been very satisfactory. When the Central Arizona Project 
Aqueduct plans are firmed up, it is anticipate? that any conflict 
in location between Central Arizona Project features and the 
flood control features will be adjusted and the best over-all 
plan adopted by all interested parties. 

We appreciate the opportunity to comment on the subject report. 

Pot11lg. 

A. B. West 
Regional Director 

In duplicate 



UNITED STATES 
DEPARTMENT OF T H E  I N T E R I O R  

FISH AND WILDLIFE SERVICE 
BUREAU OF SPORT FISHERIES AND WILDLIFE 

P. 0. BOX ISW 

ALBUQUERQUE. NEW MEXICO 

Deceniber 16, 1963 
A i r  Mail -- 

Dis t r ic t  Ehgineer 
Corps of Engineers, U. S. Army 
Box 17277 Foy Station 
Los Angeles, California 

Dear S i r :  

Your l e t t e r  of November 19, 1963, referenced SPLGP-F, requested 
our c m e n t s  concerning your proposed interim report fo r  flood 
control, Phoenix, Arizona, and v ic in i ty  (including New River). 

A s  you a r e  aware, th i s  Bureau in cooperation with the Arizona 
Game and Fish Department has investigated the  project i n  the l i g h t  
of the l a t e s t  project infomation available from your office.  
Enclosed f o r  your review and comment a re  two copies of a d ra f t  of 
our report  f o r  the project. 

Since we do not anticipate any major changes i n  the heaft  of the 
report  before it is released in f i n a l  form, we t r u s t  the draf t  
w i l l  serve your needs a t  the present t ine.  It i s  planned t o  issue 
the  report a s  soon as  we have received the concurrence of the  
Arizona Game and Fish Department. 

I f  you have comments concerning the d ra f t  of the report, we would 
appreciate receiving them by December 27, 1963. 

Sincerely yours, ' 

&If/&"d?&: w i s  Gar ick  

Acting Regional Director 

----- - - r - -  -- - 
Fisheries and k i ld l i fe ,  Phoenix, Arizona 

. I 



UNITED STATES 
DEPAR'LMENT OF THE INTERIOR 
FISH AND WILDL.DE SERVICE 

Bureau of Sport Fisheries and Wildlife 
Albuquerque, New Mexico 

December 16, 1963 

A I R  MAIL 

M r .  Robert J. Smith, Director 
Arizona Game and Fish Department 
105 State  Office Building 
Phoenix, Arizona 

Dear M r .  Smith: 

Enclosed fo r  your review and comment a re  two copies of a draft.pf 
our report concerning the Corps of Engineers' Phoenix, Arizona, 
and Vicinity (~nc lud ing  New ~ i v e r )  Flood Control Project. 

Since the Corps of Engineers has indicated they a re  planning t o  
issue the i r  report a t  an ear ly  date, we are  s t r iving t o  release 
our report as soon a s  possible. It would be appreciated i f  we 
could receive your comments concerning the draf t  of our report  
by December 27, 1963. I f  the report  meets with your approval, 
a l e t t e r  of concurrence would be appreciated. 

Sincerely yours, 

Lewis R. Garlick 
Acting Regional Director 

Enclosures 2 

cc: 
Dis t r ic t  Engineer, Corps of Engineers, U.S. Army, Lo6 Angeles, 

California 
Field Supervisor, Branch of River Basin Studies, Bureau of Sport 

Fisheries and Wildlife, Phoenix, Arizona 



UNITED STATES 
DEPARTMENT OF THE INTERIOR 

FISH AND WILDLIFE SERVICE 
BUREAU OF SPORT FISHERIES AND WILDLIFE 

P. 0. BOX law 
ALBUPUEROUEI NEW MEXICO 

January 17, 1964 

D i s t r i c t  Engineer 
Corps o f  Engineers, U. 5 .  Army 
P. 0. Box 17277, Foy S t a t i o n  
Los Angeles, C a l i f o r n i a  

Dear S i r :  

Th is  l e t t e r  c o n s t i t u t e s  the  Bureau o f  Sport F isher ies  and W i l d l i f e  
repo r t  on f i s h  and w i l d l l f e  resources i n  r e l a t i o n  t o  development 
o f  Phase B of the proposed Phoenix, Arizona, and V i c i n i t y  ( i nc lud ing  
New River )  Flood Contro l  P ro jec t  and supersedes our p re l im ina ry  
repor t  on the p r o j e c t  dated December 10, 1959. This repo r t  has 
been prepared under the  a u t h o r i t y  and i n  accordance w i t h  the F i sh  
and W i l d l i f e  Coordinat ion Act (48 Sta t .  401, as amended; 16 U.S.C. 
661 e t  seq.) i n  cooperat ion w i t h  the Arizona Game and F ish  Department 
and i s  intended t o  accompany your p r o j e c t  survey repor t .  Concurrence 
o f  the  Ar izona Game and F ish  Department i s  expressed i n  D i rec to r  
Robert J. Smi t h u s  l e t t e r  dated January 7, 1964, copy o f  which i s  
enclosed. 

The Phoenix and V i c i n i t y  ( i nc lud ing  New River )  Flood Control  P ro jec t  
i s  a p o r t i o n  o f  the Corps o f  Engineers f l o o d  con t ro l  survey o f  the 
G i l a  River  Basin, Arizona and New Mexico. Conducted pursuant t o  the 
Flood Control  Act approved June 28, 1938 (52 Stat .  1215), the  survey 
o f  the  G i l a  River  Basin i s  being covered by means of i n t e r i m  repor ts ,  
review repor ts ,  and a f i n a l  comprehensive repor t .  To date, seven 
i n t e r i m  repor ts  and th ree review repor ts  have been submitted t o  
Congress. I n  add i t i on ,  four  i n t e r i m  repor ts ,  inc lud ing one embody- 
ing the  p lan  considered i n  the  ensuing repor t ,  a re  i n  preparat ion.  

The Phoenix, Arizona, and V i c i n i t y  ( i nc lud ing  New River )  Flood Control  
P ro jec t  comprises a comprehensive p l a n  f o r  f l o o d  c o n t r o l  i n  the 
Phoenix met ropo l i tan  area i n  Maricopa County, Arizona. The compre- 
hensive p lan  i s  being developed i n  f i v e  phases designated A through 
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E. Phase A will consist of channel improvements on lndian Bend 
Wash from the Arizona Canal to the Salt River in and adjacent to 
Scottsdale, Arizona. The lndian Bend Wash development was the subject 
of a Corps of Engineers' Interim Report on Survey for Flood Control, 
lndian Bend Wash, Arizona, dated April 15, 1962, and an appended 
Bureau of Sport Fisheries and Wildlife report dated August 14, 1961. 
Phase B is considered in the ensuing report. Phases C, D, and E, 
comprising developments in the Glendale-Maryvale-South Phoenix 
Area, Maxwell Reservoir and the Salt River, and lndian Bend Wash 
upstream from the Arizona Canal, respectively, will be presented In 
future reports. 

Principal features of Phase B will be the construction of four flood- 
water detention basins having a combined capacity of 88,150 acre-feet, 
construction of 22.75 miles of diversion channels, and channeliza- 
tion of 29.1 miles of river bed. Dreamy Draw detention basin will 
be located in northeast Phoenix. Cave Buttes, Adobe, and New River 
detention basins will be located on Cave Creek, Skunk Creek, and 
New River, respectively, and will be situated a few miles north and 
northwest of Phoenix. Dreamy Draw is tributary to Cave Creek which 
in turn is tributary to the Salt River in south-central Phoenix. 

a 
Skunk Creek is a tributary of New River which in turn is a tribu- 
tary of the Agua Fria River. The Agua Fria River enters the Gila 
River about 4 miles below the Gila River-Salt River junction near 
Avondale, Arizona. 

When completed and in operation the detention basins, diversion 
channels, and streambed channels will form an interconnected system 
designed to retain floodwaters for later release, divert upper Cave 
Creek and Dreamy Draw flood flows into the Agua Fria River drain- 
age, and provide increased channel capacity for safe passage of 
flood flows. Thus, the Phase B developments will provide a large 
measure of protection to portions of metropolitan Phoenix from 
floods originating in the major drainages north and northwest of 
Phoenix. Pertinent engineering data are summarized in Table 1 .  

e*  

* 
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Table 1. Pertinent Data, Phase B Developments, 
Phoenix, Arizona, and Vicinity (including New River) Flood Control Project 

I 

1 Cave Creek Channel 3.6 6.000 

Channel 9.75 2,000-15,000 - - - 
Detention Basins 

Cave Buttes Detention 
Basin - - 28,800 

Dreamy Draw Detention 
825 5,400 

Basin - .  - 
New River Detention 

45 0 3 0 100 
*f 

Basin - - 
W - - 39,500 1 ,740 1,000 
5 Adobe Detention Basin 19,400 1,050 2,000 



The Phoenix, Arizona, and V i c i n i t y  ( i n c l u d i n g  New River )  Fiood Contro l  
P ro jec t  area i s  located i n  a deser t  environment. P r e c i p i t a t i o n  i n  
the p r o j e c t  area averages about 7 inches most of which f a l l s  dur ing  
two ra iny  seasons, summer and w in te r .  Summer ra ins  f requen t l y  a re  o f  
the l oca l  thunderstorm type. Heavy amounts of p r e c i p i t a t i o n  may 
s t r i k e  sca t te red ,  l o c a l i z e d  areas i n  a mat ter  of minutes g i v i n g  r i s e  
t o  f l a s h  f loods .  Winter r a i n s  tend t o  be more widespread, o f  longer 
dura t ion ,  and gent le .  Streamflows i n  p r o j e c t  streams are  i n t e r m i t t e n t .  
The average temperature i n  the p r o j e c t  area i s  about 70 degrees Fahr- 
enhe i t  w h i l e  the r e l a t i v e  humidi ty  averages about 30 percent .  More 
than 750,000 people l i v e  i n  t h e  Phoenix met ropo l i tan  area and the 
popu la t ion  i s  burgeoning. 

Without the P ro jec t  

Because o f  the i n t e r m i t t e n t  character  o f  streamflow i n  p r o j e c t  streams, 
f i s h  h a b i t a t  and f i s h  resources a r e  nonexistent .  

With the  P ro jec t  

Present plans prov ide  f o r  ungated o u t l e t  works i n  each o f  the f l ood -  
water de ten t ion  s t ruc tu res .  No storage f o r  water conservat ion w i l l  be 
inc luded i n  the f loodwater  de ten t ion  reservo i rs ;  hence, no f i s h  h a b i t a t  
w i l l  be a v a i l a b l e  w i t h  the  p r o j e c t .  Construct ion and opera t ion  o f  the  
p r o j e c t  w i l l  r e s u l t  n e i t h e r  i n  losses nor b e n e f i t s  t o  f i s h  resources 
and f i s h i n g .  

Without the P ro jec t  

Construct ion o f  p r o j e c t  features w i l l  a f f e c t  r l l d l i f e  h a b i t a t  I n  and 
ad jo in ing  po r t i ons  of Dreamy Draw, Cave Creek, Skunk Creek, New River ,  
and Agua F r i a  R iver .  R ipar ian  and r i v e r  bottom perenn ia l  vegetat ion 
c o n s i s t s ' p r i n c i p a l l y  o f  mesquite, p a l o  verde, hackberry, ironwood, 
bursage, baccharis,  and var ious species of c a c t i .  During r a i n y  per iods,  
the  normal ly bare s o i l  between perennia l  t rees and shrubs may be covered 
w i t h  a great  v a r i e t y  o f  ephemeral grasses and fo rbs .  
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P r i n c i p a l  w i l d l i f e  species present i n  the  p r o j e c t  area inc lude Gambel's 
q u a i l ,  white-winged dove, mourning dove, and c o t t o n t a i l .  A few mule 

@ deer and j a v e l i n a  a re  present I n  the v i c i n i t y  o f  New River  and Adobe 
damsties. 

Upland-game hunt ing occurs i n  the p r o j e c t  area a t  present but ,  because 
o f  encroaching urban iza t ion ,  i t  i s  be l ieved t h a t  f u t u r e  hunt ing  would 
be i n s i g n i f i c a n t .  However, the r i v e r  bottom and r i p a r i a n  vegetat ion 
would cont inue to  prov ide  good dove-nesting h a b i t a t  and would con t r i b -  
u t e  t o  o v e r a l l  hunt ing  success i n  Arizona. 

With the  P ro jec t  

C lear ing  o f  perennia l  vegetat ion i n  the detent ion  basins and i n  the  
stream channels downstream from the f loodwater de tent ion  basins w i l l  
r e s u l t  in a loss o f  va luab le  dove-producing h a b i t a t .  Although e f f e c t s  
on hunt ing  i n  the  p r o j e c t  area w i l l  be i n s i g n i f i c a n t ,  project-caused 
h a b i t a t  losses w i l l  c o n t r i b u t e  t o  o v e r a l l  hunt ing losses i n  Arizona. 
More d e t a i l e d  p r o j e c t  in format ion  and a d d i t i o n a l  f i e l d  i n v e s t i g a t i o n  
would be requ i red  t o  evaluate f u l l y  the  ex tent  o f  dove populat ion 
losses and r e l a t e d  hunt ing losses r e s u l t i n g  from project-caused habi-  
t a t  a t t r i t i o n .  

Dove-nesting h a b i t a t  losses w i l l  be compensated i n  p a r t  by increased 
amounts o f  w i l d l i f e  food p l a n t s  i n  the  f loodwater de tent ion  basins. 
I n t e r m i t t e n t  f l ood ing  o f  the  basins w i l l  c reate  idea l  cond i t ions  f o r  
the  growth o f  food-producing grasses and fo rbs .  

Thus, development and opera t ion  of the  p r o j e c t  w i l l  r e s u l t  i n  w i l d -  
l i f e  h a b i t a t  losses. No hunt ing b e n e f i t s  w i l l  be rea l ized.  

DISCUSS ION 

Rapid expansion o f  popu la t ion  i n  the Phoenix met ropo l i tan  area, 
coupled w i t h  an ever-present shortage o f  f i s h i n g  waters, has ere- '. ated a growing u n f u l f i l l e d  demand f o r  a d d i t i o n a l  f i s h i n g  areas. 
Construct ion o f  f loodwater de tent ion  dams and basins i n  the  Phoenix 
area o f f e r s  an excel l e n t  opportunf t y  f o r  enhancement o f  l oca l  f i s h -  
ing. The Arizona Game and F ish  Department has expressed great  

I i 
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i n t e r e s t  i n  mul t ipurpose d e v e t o p m t  o f  one o r  more o f  the  f loodwater 
de tent ion  basins t o  inc lude storage f o r  f i s h e r y  pools. Studies by 
the Arizona Game and F ish  Department have ind ica ted t h a t  o f  the four  
proposed detent ion  bas in  s i t e s ,  Adobe, Cave But tes,  and Lower New 
River  s i t e s  appear to  be the most f e a s i b l e  f o r  i n c l u s i o n  o f  f i s h e r y  
pools.  Add i t iona l  i n v e s t i g a t i o n  w i l l  be required before  s p e c i f i c  
recommendations can be made concerning f i s h e r y  pools a t  these s i t e s .  

I nc lus ion  o f  a  f i s h e r y  pool a t  Cave But tes w i l l  be more than j u s t i -  
f i e d  on the bas is  o f  f i s h i n g  use should ana lys is  o f  a d d i t i o n a l  hydro- 
l o g i c  and engineering data prove such development feas ib le .  Surveys 
by the  Arizona Game and F ish  Department on e x i s t i n g  rese rvo i r s  i n  
Arizona i n d i c a t e  t h a t  a  f i s h e r y  pool a t  Cave Buttes could receive i n  
excess o f  1,000 man-days o f  f i s h i n g  per sur face acre annuai ly .  M in i -  
mum pools a t  Adobe and Lower New River  de tent ion  basins a l s o  could 
prov ide  a d d i t i o n a l  f i s h e r y  bene f i t s .  

Every e f f o r t  should be made t o  minimize the  des t ruc t i on  o f  r i p a r i a n  
and stream-bottom h a b i t a t  dur ing  p r o j e c t  const ruc t ion .  Consonant 
w i t h  p r o j e c t  cons t ruc t i on  needs, t rees  and shrubs should be l e f t  
undisturbed wherever possib le.  

RECOMMENDATIONS 

I t  i s  recommended: 

1 .  That a d d i t i o n a l  study be made by the Corps o f  
Engineers, i n  cooperat ion w i t h  the  Arizona Game 
and F ish  Department, t o  determine the  f e a s i b i l i t y  
o f  i nc lud ing  p r o v i s i o n  f o r  f u t u r e  storage i n  Adobe, 
Cave But tes,  and Lower New River  de tent ion  basins 
f o r  development o f  f i s h e r y  pools. 

2 .  That p r o j e c t  const ruc t ion  p lanning make p r o v i s i o n  
f o r  minimum disturbance o f  t rees and shrubs wher- 
ever poss ib le .  



CONCLUS l ONS 

Construct ion and opera t ion  o f  the Phoenix, Arizona, and V i c i n i t y  
( i n c l u d i n g  New River )  Flood Control  P ro jec t  w i l l  have no e f f e c t  on 
Arizona f i s h  resources bu t  w i l l  r e s u l t  i n  a  minor loss o f  dove pro-  
ducing h a b i t a t .  

The p o s s i b i l i t y  e x i s t s  t ha t  the proposed Adobe, Cave Buttes, and 
Lower New River  de ten t ion  basins could be mod i f ied  t o  inc lude s t o r -  
age f o r  f i s h e r y  pools.  Add i t i ona l  i nves t i ga t i on ,  as proposed i n  
Recommendation No. I ,  w i l l  be needed t o  determine the  f e a s i b i l i t y  o f  
f i s h i n g  lakes a t  these s i t e s .  E f fec tua t i on  o f  Recommendation No. 2 
w i l l  minimize w i l d l i f e  h a b i t a t  losses dur ing  p r o j e c t  cons t ruc t ion .  

This  repo r t  i s  based on p r o j e c t  in fo rmat ion  made a v a i l a b l e  November 
19, 1963. Any m o d i f i c a t i o n  i n  p r o j e c t  p lans should be brought t o  
the a t t e n t i o n  o f  the Bureau o f  Sport F i she r ies  and W i l d l i f e  and the 
Arizona Game and F i s h  Department. 

S incere ly  yours, 

&n C .  G a t l i n  
Regional D i rec tor  

Enclosure 

Copies (10) 

D i s t r i b u t i o n :  

(2) D i r e c t o r ,  Ar izona Game and F ish  Department, Phoenix, Arizona 
( 2 )  Chairman, Board o f  D i rec tors ,  Maricopa County Flood Control  

D i s t r i c t ,  Phoenix, Arizona 
( 2 )  Reg i ona l D l  r ec to r ,  Bureau o f  Reclamat ion, Region 3, Boulder 

C i t y ,  Nevada 
(2) Regional D i rec to r ,  Nat ional  Park Service, Southwest Region, 

Santa Fe, New Mexico 
(2) F i e l d  Supervisor,  Branch o f  R iver  Basin Studies, Bureau o f  

Sport F i she r ies  and W i l d l i f e ,  Phoenix, Arizona 
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WENDELL SWANK AUYW- 

January 7, 1964 

Regional Director 
Fish & Wildlife Service 
Bureau of Sport Fisheries & Wildlife 
P. 0. Box 1306 
Albuquerque, New Mexico 

Dear Sir: 

We appreciate the opportunity to review and comment on the draft of your report 
concerning the Corps of Engineers' Phoenlx, Arizona, and Vicinity Qncluding New River) 
Flood Control Project. 

Our Department concurs in the proposals in that the draft recommends additional 
studies be made to determine the feasibility of including provision for storage. The pro- 
ject comments of our letter dated December 9, 1963, to the District Engineer, Corps of 
Engineers, Loe Angeles, pointed out our desire for such investfgations. 

Thank you for the opportunity to review and comment on this report. 

Sincerely, 

R. J. Smith, Director 
\ 

I 

,' 
\ By: John P. Russo 

.' River Basin Supervisor 

cc: District Engineer. Corps of Engineers, U. S. Army, Los Angeles, California 
Field Supervisor of River Basin Studies, Bureau of Sport Fisheries and WLldlife, 

Phoenix, Arizona 

R. 3/25/64 5-20 



WILLIAM E. WARNE 
Dlmtot of 

Wa''' R.mU'c*' 
B. ABBOTT GOLDBERG 
Chief hpu ly  Dlmtw 

EDMUF . BROWN 
OO\c"NOR OF 

CALIFORNIA 

REGINALD C. PRICE 
Deputy Dlnctor Pollry 

NEELY GARDNER 
a v D I ~ ~ ~ o ~  
~ ~ i n l s t r o t l ~ n  

d ALFRED R. 00126 
Chief Engin.., 

I30 FISHER 
~dMINISTRATOR 

RESOURCES AGENCY 

THE RESOURCES AGENCY O F  CALIFORNIA 

DEPARTMENT OF WATER RESOURCES 
1120 N. STREET, SACRAMENTO 

ADDRESS REPLY 10 
P. 0. 1101 3811 
*m."to 2, Calif. 

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

Dear Sir: 

Your preliminary "Interim Report on Survey for Flood Control, 
Phoenix, Arizona, and Vicinity (including New ~iver), (With Appendixes), " 
dated November 15, 1963, was received on November 21, 1963, for informal 
review and comment. Our comments are presented in the following paragraphs. 

According to the report, the recommended project would provide 
for the construction of: (1) four dams, one each on Cave Creek, Skunk Creek, 
New River, and Dreamy Draw; (2) the Union Hills and Arizona Canal divbrsion 
channels; and (3) the Cave Creek, Dreamy Draw, Skunk Creek, New River, and 

@ Agua Fria River channel improvements. All the streame involved are within 
the drainage area of the Gila River which is tributary to the Colorado River 
near Yuma, Arizona. 

mese improvements would be constructed on or along the above- 
named streams or their tributaries for flood control only, at a total esti- 

r )  mated first cost of $70,000,000. It is noted that no storage for water 
conservation, water-based recreation, or power development is to be included 
in the project. Based on available information, the interest of the State 
of California in the Colorado River would not appear to be prejudiced by the 
proposed developments, as they would not appreciably affect the Colorado 
River water supply. *. m e  opportunity to review your report is appreciated. 

Sincerely yours, 

e LI;--~- Director 

cc: Mr. Dallas Cole, Chief Engineer 
Colorado River Board of California 
909 So. Broadway - Room 230 
Los Angeles 15, California * 5-a 3/25/64 
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STATE OF CALIFORNIA 
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009 SOUTH BROADWAY 
LOS APJQELES IS 

Colonel E a r l  G .  Peeoock 
D l ~ t r i c t  Engineer 
U.S. Army Engineer D i s t r i c t  
P .  0 .  Box 17277, Foy S t a t i o n  
Lcs Pngelez 17, Ca?. l fornla  

Colonel Peacock: 

This  i s  I n  r e f e r e n c e  t o  yonr l e t t e r  of November 19, 1963, 
v.rhlch t r a n s m i t t e d  a  d r a f t  copy of a n  jn te r lm r e p o r t  on a proposed. 
f l ood  control .  p lan  f o r  Phoenfx, Arizona and vic ini t ; r  f o r  our  
informal  review and comment. 

%re n o t e  t h a t  a comprehencive f!.ve-phase f l o o d  c o n t r o l  p l an  
has  been developed a: 8. framerj~crk f o r  a3.1 f l ood  c o n t r o l  vork i n  
t he  a r e 2  and. t h n t  t h e  !ns tan t  r c ? o r t  i c  d l r e c t e d  t o  t h e  Phase "B" 
p o r t i o n  of t h e  p l an .  The ]wopoced development f o r  Phase "B" , a c  
recom~endecl by your r e p o r t ,  rvou1.d be e s s e n t i a l l y  s j n g l e  purpose i n  
n a t n r e  and 1.lmIted t o  ?load c o n t r o l ,  bu t  s u b j e c t  t o  c e r t a l n  condi- 
t i o n s  some concervatj.on an6 recreation f e a t u r e s  could be  added a t  
t h e  d e s i r e  of l o c a l  i n t e r e s t s .  

The proposed development doe3 n o t  appear  t o  p r e j u d i c e  t h e  
i n t e r e s t s  of C a l l r o r n l z  an? qts aaenc ie s  i n  and t o  t h e  Colorado 
River .  

The r e c e j n t  of t h e  r e p o r t  and oppor tun i ty  t o  revj.ew and comment 
on i t - a r e  a p p r e c i a t e d .  



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

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

SPLGP - F 30 December 1963 

Regional Director 
Bureau of Sport Fisheries and Wildlife 
Fish and Wildlife Service 
U.S. Department of the In t e r io r  
P.O. BOX 1306 
Albuquerque, New Mexico 

Dear Sir :  

Reference i s  made to  your l e t t e r  of 16 December 1963, inclosing 
two copies of a review d ra f t  of your report  on f i s h  and wi ld l i fe  
resources i n  r e l a t i on  to the development of phase B of the flood- 
control project  f o r  metropolitan Phoenix, a s  proposed i n  our d ra f t  
copy of the interim report  f o r  flood control  f o r  Phoenix, Arizona, 
and v i c in i ty  (including New ~ i v e r ) .  

We note your agreement t ha t  the proposed improvements would 
provide a la rge  measure of flood protection t o  portions of metro- 
po l i tan  Phoenix. You indicate  t h a t  the construction and operation 
of the  project  would r e su l t  neither i n  losses  nor benef i ts  t o  f i sh  
resources and fishing, but would r e su l t  i n  some wildlife-habitation 
losses.  

You mention tha t  the  Arizona Game and Fish Department has 
expressed great  i n t e r e s t  i n  multiple-purpose development of one o r  
more of the  detention basins t o  include storage f o r  f i shery  pools. 
You indicate,  however, t ha t  additional investigation would be required 
before specif ic  recommendations can be made concerning f ishery pools 
a t  those s i t e s .  

Your recommendation tha t  project  construction planning make pro- 
vision f o r  minimum disturbance of t r ee s  and shrubs wherever possible 
w i l l  be given serious consideration i n  l a t e r  studies, provided the 
project  i s  authorized. 

This of f ice  gave consideration to development of f i s h  and wild- 
l i f e  and recreation f a c i l i t i e s  a t  the proposed reservoir  s i t e s .  We 
found t h a t  because of the  low average annual yield, the high evapora- 
t ion,  and the l a rge  i n f i l t r a t i o n  losses,  f i s h  and wi ld l i fe  o r  
recreation f a c i l i t i e s  t h a t  could be developed would be minor and 
probably could not be jus t i f ied .  

5-23 
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SPLW-F 30 December 1963 
Regional Director, Bureau of Sport Fisheries and Wildlife 

* 
In addition, the Granite Reef aqueduct of the Central Arizona 

project,  proposed by the Bureau of Reclamation, crosses New River, 
Skunk Creek, and Cave Creek i n  the v i c in i ty  of the proposed deten- 
t ion  basins. A def in i te  location fo r  t h i s  aqueduct has not been 
determined and all features  of the Bureau project have not been firmed. 

e 
With the importation of Colorado River water t o  the area, the proposed 
detention basins probably could be adapted fo r  multiple-purpose use 
with mutual advantages fo r  the Central Arizona project  aqueduct f a c i l i -  
t i e s ,  the future municipal water supply treatment and dis t r ibut ion 

a 
f a c i l i t i e s  of the c i t y  of Phoenix supplied by the Central Arizona 
project,  recreation plans of the Maricopa County Parks and Recreation 

@ 

Department, and f i s h  and wi ld l i fe  f a c i l i t i e s  t o  be developed joint ly  
with your of f ice  and the Arizona Game and Fish Department. 

This of f ice  has not made fur ther  studies of f i s h  and wildl i fe  and 
recreation development under present water supply conditions because of: 
(1)  the apparent minor aspect of a f i s h  and wildl i fe  and recreation 

@ 
program under conditions whereby water s l i e s  would be l imited to  the 
natural  flows of the streams involved; (2 "i" the  probabili ty t h a t  importa- 
t i on  of water f r o m  the Colorado River under the Central Arizona project 
would enhance the opportunity t o  develop f i s h  and wlldl i fe  and recrea- 
t i on  resources; and (3)  the inab i l i t y  to develop detai led plans 
u t i l i z ing  Colorado River water u n t i l  firm plans a re  developed by the 
Bureau of Reclamation. Addition of f i sh  and wildl i fe  and recreation 
f a c i l i t i e s  would not appreciably change the overal l  conclusions of the  
report. However, you can be assured t h a t  i f  the Phoenix project i s  
authorized f o r  construction, detailed consideration w i l l  be given t o  
f i s h  and wildl i fe  and recreation aspects i n  the def in i te  project  
studies, t o  assure t h a t  maximum development at the pmposed detention 

a 
basins i s  achieved. 

Sincerely yours, 

.I 

/a/ A. R. MARSHALL 
L t .  Col., Corps of Engineers 
Deputy Dis t r ic t  Engineer 

a* 

* 
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85-Gila River 
W/A 61 

FEDERAL POWER COMMISSION 
REGIONAL OFPICE 

555 BATTERY STREET, ROOM 415 

SAN FRANClSCOI1,CALIF. 

A I R  MAIL -- 

December 17, 1963 

Colonel Ea r l  C. Peacock 
U.S. Army Engineer D i s t r i c t  
Corps of Engineers 
751 South Figueroa S t ree t  
Los Angeles, California 90017 

Dear Colonel Peacock: 

We have made a br ie f  review of your proposed "Interim Report on 
Survey f o r  Flood Control, Phoenix, Arizona, and v i c in i ty  (including 
New River), Gila River Basin, Arizona and New Mexico", a copy of 
which was received with your l e t t e r  of November 18, 1963. 

Our review indicates  tha t  the  recommended flood control  improve- 
ments would consist  of (1) four detention basins, which would be empty 
a t  a l l  times except during flood periods; (2)  several  diversion chan- 
nels, channel improvements or  channelization work. 

Since l i t t l e  streamflow occurs a t  any of t he  recommended damsites, 
except during and immediately following periods of heavy ra infa l l ,  and 
since the proposed detention basins will be empty except.when storing 
floodwaters, the  development of hydroelectric power i n  connection with 
the proposed improvements would not be economically feasible.  

We appreciate the  opportunity t o  review and comment on your pro- 
posed interim report. We would l i k e  t o  have a copy of your f i n a l  re- 
port  when i t  becomes available. 

Sincerely yours, 

"kLJq&&. 
M. Boyd s t i n  
Regional Engineer 

@ 5-25 



UNITED STATES DEPARTMENT O F  AGRICULTURE 

FOREST SERVICE 

SOUTHWESTERN REGION 
517 GOLD A V E N U E .  SW 

A L B U Q U E R Q U E .  NEW M E X I C O  

January 10, 1964 
IN REPLY REFER TO 

3510 

Colonel Earl G. Peacock 
Di s t r i c t  Ehgineer 
Corps of Engineers 
U. S. Amy Engineer Dis t r ic t  
Los Angeles, California 

Dear Colonel Peacock: 

We have reviewed the preliminary Interim Report on Survey f o r  Flood 
Control, Phoenix, Arizona, and Vicinity (including New ~ i v e r  ) . 
The proposed s t ruc tura l  improvements are i n  excess of ten m i l e s  be- 
low the nearest point on the Tonto National Forest boundary, and 
wi l l  have no d i rec t  impact on e i the r  the Tonto o r  Prescott Forests. 

We f ind t h a t  approximately 30 percent of the drainage area above 
the proposed flood control structures i s  within the Tonto and Pres- 
co t t  National Forests. Our management of these lands i s  a v i t a l  
part  of the overal l  flood prevention e f for t .  

Land management programs on the  National Forest lands within the 
watershed are  being accelerated t o  the extent of available funds. 
The acceleration of these programs t o  improve the vegetative cover 
condition w i l l  reduce the flood hazard by increasing i n f i l t r a t i o n  
and retention of precipitation. Erosion and subsequent sedimenta- 
t i on  of downstream structures w i l l  a l so  be reduced. Thus, our manage- 
ment e f fo r t s  on the upper reaches of the watershed wi l l  enhance the 
vaiue,of the proposed flood control project. 

The Forest Service w i l l  continue t o  give consideration t o  flood 
prevention when making administrative and management decisions 
affect ing the multiple uses on the watersheds land within the 
National Forests. 

Sincerely yours, 

FRED H. rnNNDY 
Regional Forester 



UNITED STATES 
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 
WATER RESOURCES DIVISION 

345 MIDDLEFIELD ROAD 
MENLO PARK. CALIFORNIA 

DAVENPORT 5-6761 

January 1 0 ,  1964 

Colonel Earl  G. Peacock 
Dis t r ic t  Engineer 
Corps of Engineers 
751 South Figueroa Street  
Los Angeles, California 90017 

Dear Colonel Peacock: 

The hydrologic aspects of the Interim Report f o r  flood- 
Control, Phoenix, Arizona, and v ic in i ty  (including New River), 
have been reviewed and a re  deemed t o  be sat isfactory.  As 
noted i n  the report ,  runoff and sediment data i n  the region 
covered by the report  is very scanty--almost non-existent. 
The method of analysis used i n  the report  is probably the 
best  t h a t  could be applied and the r e su l t s  obtained appear 
t o  be reasonable. 

Very t ru ly  yours, 

R. Stanley Lord \ 

For W. W. Hastings 
Division Hydrologist 
Pacific Coast Area 



REGION VI  

H O U S I N G  AND H O M E  FINANCE AGENCY 
OFFICE OF THE REGIONAL ADMINISTRATOR 

989 Market Street 
San Franoisco 3, California 

D i s t r i c t  Engineer 
U. S. Army Engineer D i s t r i c t ,  Los Angeles 
P .  0 .  Box 17277, Foy S t a t i o n  
Los Angeles, Ca l i fo rn ia  90017 

Dear S i r :  

We have examined your Inter im Report,  Phoenix, Arizona and 

v i c i n i t y ,  the  subjec t  of your l e t t e r  SPLGP-F, November 18, 

1963. This  Agency has no p r o j e c t s  a t  present  which would 

be adverse ly  a f f e c t e d  by t h e  flood con t ro l  p ro jec t  proposed 

f o r  t h a t  l o c a l i t y .  

a u l  E m e r t  
Regional Direc tor ,  

C m u n i t y  F a c i l i t i e s  



UNITED STATES 
DEPARTMENT OF THE INTERIOR 

NATIONAL PARK SERVICE 

Southwest Region - 
IN REPLY REFER TO: Santa Fe, New Mexico 

D i s t r i c t  Engineer 
U. S. Army Engineer D i s t r i c t ,  Los Angeles 
P. 0. Box 17277, Foy Stat ion 
Los Angeles, California 90017 

Dear Sir:  

Thank you f o r  the opportunity given us i n  your l e t t e r  of 
November 18, F i l e  No, SPLGP-F, to review and comment on your 
proposed interim r epo r t ' f o r  flood-control, Phoenix, Arizona, 
and vic ini ty .  

We were pleased to  learn tha t  although water -based recreation 
i s  not a purpose of the pro jec t  some recreational development 
( a t  non-project cost)  and use of the project  area  could be made 
by local  in te res t s .  

It i s  very probable t ha t  each project  feature  w i l l  destroy or  
damage archeological s i t e s .  Therefore, i f  the project  i s  
authorized, arrangements fo r  an archeological survey and 
necessary salvage w i l l  be made by the National Park Service. 

Sincerely yours, 

Norman B. Rerkenham 
Acting Assistant  Regional Director, 
Resource Planning 



PUBLIC HEALTH SERVICE 

17 December 1963 

Colonel Earl  G. Peacock 
D i s t r i c t  Engineer 
Corps of Engineers 
751 South 'Figueroa S t r e e t  
Los Angeles, California 90017 

Dear Colonel Peacock: 

Enclosed a s  requested a r e  our comments on the  mtblic 
Health Aspects of the  "Interim Report on Survey f o r  Flood Control 
Phoenix, Arizona and Vicini ty [including New River)." 

Thank you f o r  giving u s  the  opportunity t o  comment on 
t h i s  proposed project .  

Sincerely yours, 

Regional Program Director 
Water Supply & Pollution Control 

Enclosure 

cc: Krause 
Raine y 
Marx 



WPOR?' ON 

THE P U B L I C  HEALTH ASPECTS 

O F  'ME 

I N ' I E R I ~ I  REPORT ON 

SURVEY FOR FLOOD CONTROL 

PHOENIX, ARIZONA AND V I C I N I T Y  

(INCLUDING NEh RIVER) 

FOR THE 

U. S. ARMY CORPS OF ENGINEERS 

PREPARED BY 

THE U. S. P U B L I C  HEALTH SERVICE 

DEPARTMENT OF HEALTH, EDUCATION AND WELFARE 

REGlON I X ,  SAN FRANCISCO, CALIFORNIA 
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PUBLIC HEALn-I ASPECTS 
of the 

INTERIM IEPOI{T ON 
SURVEY FOR FLOOD CONTROL 

PHOENIX, ARIZONA AND VICINITY 
(INCLUDING NEW RIVER) 

U. S. Army Corps of Engineers 

The Corps of Engineers recommends construct ion of  four dams and 
channel improvement on Cave Creek, Skunk Creek, t h e  New River, and Dreamy 
Draw and two diversion channels (Union Hills and Arizona Canal). No water 
conservation, power development, o r  water-based recreat ion i s  included i n  
the  plan. Local i n t e r e s t s  could modify the plan t o  include some use of 
flood flows f o r  water recharge and land-based recrea t ional  developments. 

SANITARY ENGINEERING 

l a t e r  Supply 

No water conservation bene f i t s  a re  planned, although some replen- 
ishment of  the ground water basin could be developed a t  a l a t e r  date. A 
benef i t  would r e s u l t  from t h e  increased flood control  s ince the chance of  
water supply wells  being contaminated is decreased. Contamination of the 
water system could r e s u l t  during relocat ion of water mains unless  precautions 
a r e  taken. Any wells t h a t  must be abandoned should be sealed t o  pro tec t  the 
ground water supply and t o  el iminate the chance of persons f a l l i n g  i n t o  them. 

Sewage and Indus t r i a l  Waste Disposal 

The recommended plan would decrease the l ike l ihood of sewage and 
i n d u s t r i a l  waste f a c i l i t i e s  being flooded and i s  therefore  advantageous. 

WATER POLLUTION CONTROL 

The ex i s t ing  stream beds a re  dry except during times of flood 
runoff and s ince  no wastes a r e  discharged i n t o  t h e  stream bed the re  is no 
reason t o  provide water qua l i ty  control  flows. The proposed pro jec t  would 
reduce the  quant i ty  of  sediment ca r r i ed  i n t o  the  area of  the flood plain. 

SANITATION 

Any loca l  development of recreat ion f a c i l i t i e s  i n  t h e  fu ture  should 
provide for  water supply and san i t a t ion  f a c i l i t i e s  which meet the  requirements 
of  t h e  Local Health Department. 
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VECTOR CONTROL 

This vector  evaluat ion is based on a review of the  Corps of 
Engineers' repor t  e n t i t l e d  "Interim Report on Survey f o r  Flood Control, 
Phoenix, Arizona and Vicini ty (including New I(lverft '  dated Novesber 15, 1963. 

Anticipated Effec ts  of the Proposed Project  on Vector Problems 

blosquitoes a re  the  pr inc ipa l  vec tors  which might be a f fec ted  by 
the  proposed pro jec t .  Several species  of  mosqu~toes of public  hea l th  
importance including Culex t a r s a l i s  and Culex quinquefasciatus,  recognized - - 
vectors  of encephalitis, and the voracious Aedes vexans may be produced i n  - l a rge  numbers i n  the  a rea  of the  proposed p r o j e c t w h e n s u i t a b l e  aquat ic  
hab i t a t s  a r e  present. Basic information concerning per t inent  b io logica l  
c h a r a c t e r i s t i c s  of  these mosquitoes i s  given i n  Appendix A. 

Encephal i t is ,  commonly known as  sleeping sickness o r  b ra in  fever ,  
is now t h e  most important mosquito-borne disease i n  the area of  the  proposed 
project .  Records o f  the  U. S. Department of  Agriculture show t h a t  equine 
encepha l i t i s  cases occurred i n  Maricopa County during 16 years of the 17-year 
period 1939 through 1955 f o r  which records a re  avai lable .  According to  the 
Arizona S t a t e  Department of  kiealtil, 5 human and 25 equine encephal i t i s  cases 
occurred i n  Maricopa County during 1960. Additional information concerning 
the public  hea l th  and socio-economic importance of mosquito and other  vector  
problems associated with water resource developments i s  presented i n  Appendix B. 

The reduction i n  flooding of lowland areas  expected from the proposed 
flood cont ro l  pro jec t  should r e s u l t  i n  a reduction i n  na tu ra l  aquat ic  h a b i t a t s  
favorable f o r  the  production of  mosquitoes and ce r t a in  other  insec ts  of public  
hea l th  importance. On the o ther  hand, ce r t a in  p ro jec t  elements may r e s u l t  i n  
the  development of man-made aquat ic  h a b i t a t s  favorable f o r  the production of  
mosquitoes and other  aquat ic  vectors.  Of pa r t i cu la r  s ignif icance would be 
water spreading areas  which r e t a i n  water f o r  periods of 5 days o r  longer 
during the  mosquito breeding season. By making provisions f o r  t h e  prevention 
and cont ro l  of man-made vector  sources, the  overa l l  bene f i t s  of the pro jec t  
can be g rea t ly  increased, 

Responsibi l i ty  fo r  Vector Control 

.a Responsibi l i ty  f o r  vector  prevention and control  is normally 
associated with land ownership o r  operating r ights .  Therefore, the agency, 
group, o r  individuals  responsible f o r  various aspects  of the proposed pro jec t  
should be prepared t o  accept f u l l  r e spons ib i l i t y  f o r  the  prevention and control  
of vector  problems r e su l t ing  from the design, construction, operation, o r  
maintenance of  the  project .  
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ACCIDENT PIEVENTION 

F a l l s  i n t o  the  deeper rectangular  channel sec t ions  could r e s u l t  i n  
ser ious  in ju ry  and precautions should be taken t o  exclude the  public,  p a r t i c u l a r l y  
chi ldren,  from access t o  the  s ides  of the  channel. 

RECOMMENDATIONS 

Sanitary Engineering 

1. Precautions should be taken during re loca t ion  of water mains 
t o  avoid contamination of t h e  water system. 

2 .  Wells t h a t  a r e  abandoned should be sealed t o  pro tec t  persons 
from f a l l i n g  i n t o  them and t o  prevent contamination of  the 
ground water supply. 

3.  Public access t o  the  s ides  of deep rectangular  channels should 
be r e s t r i c t e d  i n  order t o  reduce the likelihood of  f a l l s  i n t o  
t h e  channel. 

Vector Control 

I n  order t o  minimize public  hea l th  hazards, every possible  e f f o r t  
should be made t o  avoid crea t ing  conditions which w i l l  increase populations 
of mosquitoes and o ther  arthropods of public  heal th importance. I t  i s  
recommended t h a t  the  following pr inc ip les  and p rac t i ces  be adhered t o  in  the  
design, construction, operation, and maintenance of the  proposed project .  

A. Channel Improvements 

1. Material excavated from channels and the  detention basin should be 
disposed of i n  such a way t h a t  it w i l l  not  r e s u l t  i n  ponding of  water. 

2 .  Adequate dra ins  should be i n s t a l l e d  t o  prevent ponding of water on 
berms o r  behind spo i l  banks, levees, and dikes. 

3. Diversion channels and drainage di tches should be designed, constructed, 
and maintained so t h a t  they w i l l  concentrate low flows and reduce s i l t  
deposition and subsequent ponding, thereby insuring f r e e  flows a t  
a l l  times, 

4. Underdrains, cu lver t s ,  i n l e t s ,  etc., should be placed on grade t o  
prevent ponding. 

5, Sections of na tura l  drainageways t h a t  a r e  cu t  o f f  o r  bypassed by new 
channels should be f i l l e d  o r  provided with adequate drains.  
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B. Detention Basins 

1. A l l  borrow p i t s  and o t h e r  p o t e n t i a l  ponding a r e a s  assoc ia ted  with 
cons t ruc t ion  of  tile dam, r e loca t ion  of highways o r  roads, e t c . ,  which 
a r e  located above maximum pool l e v e l  should ue made se l f -d ra in ing .  

2 ,  The normal f luc tua t ion  zone of the  permanent pool should be con,pletely 
c leared  except f o r  i s o l a t e d  t r e e s  and sparse  vegetat ion along abrupt  
s l ~ o r e l i n e s  which w i l l  be exposed t o  wave ac t ion .  

3. Borrow p i t s ,  depressions,  and marshes wliicli w i l l  be flooded a t  ii~axiclum 
pool l e v e l  and which would r e t a i n  water a t  lower pool l e v e l s  should be 
provided with d ra ins  t o  insure  complete drainage o r  f l u c t u a t i o n  of  
water within then. 

C. h a t e r  Spreading Areas 

1. borrow a r e a s  r e s u l t i n g  from cons t ruc t ion  of  the  spreading a reas  should 
be made se l f -dra in ing .  

2. The sl iorel ine margins o f , t h e  spreading a r e a s  should be s t eep  s ided t o  
discourage t h e  growth of  vegetat ion.  

3.  The a r e a s  over  which water w i l l  be spread should be proper ly  graded t o  
prevent  ponding. 

4. I f  water i s  ponded on t h e  a r e a s  during t h e  n~osquito-producing season, 
they should be designed and constructed so t h a t  a nlininium water aeptli 
of two f e e t  can be maintained i n  order  t o  minir.:ize condit ions favor- 
ab le  f o r  mosquito production. 

5. Dense vegeta t ion  and f l o t a g e  should be removed pe r iod ica l ly  froit1 a r e a s  
i n  which water is ponded f o r  periods o f  a week o r  more during tile 
mosquito-producing season. 

D. I!ecreational Areas 

1, Proper s torage ,  c o l l e c t i o n ,  and d i sposa l  of  re fuse  should be p rac t i ced  
i n  order  t o  prevent and con t ro l  f l i e s ,  wasps, o t h e r  noxious i n s e c t s ,  
r a t s ,  wild rodents ,  and o the r  small manimals. 

2. A l l  bu i ld ings  should be rodentproofed a t  r e c r e a t i o n a l  a reas  where 
rodents  a re  prevalent  which may c r e a t e  pub l i c  hea l th  hazards. 

3. Debris, rubbish, and o the r  ma te r i a l s  whit11 may s e r v o  a s  harborage 
f o r  rodents  and o ther  small mammals should be removed per iodica l ly .  

4. Brush and weeds along paths,  t r a i l s ,  roadways, ancl otller a r eas  of 
frequent use by v i s i t o r s  silould be removed i n  order  t o  reduce ttLe 
l ike l ihood o f  t i c k  i n f e s t a t i o n .  
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APPENDIX A 

Biology of Mosquitoes 

This discussion is  intended t o  provide only basic infonnation con- 
cerning some of the more pertinent biological  character is t ics  of mos- 
quitoes commonly associated with water resource developments. These 
mosquitoes represent four important genera o r  groups: Anopheles, e, 
Aedes and Psorophora. All  mosquito species have four d i s t i nc t  stages 
-) 

i n  t h e i r  l i f e  cycle: the egg, the larva ("wigglert'), the  pupa ("tumbler"), 
and the adult. A character is t ic  comon t o  a11 mosquitoes i s  t h a t  they 

a 
l i v e  i n  water continuously from the time the eggs hatch u n t i l  the adul ts  
emerge. The aquatic stages generally occur i n  shallow water with an 
abundance of vegetation and flotage, and where they a re  protected from 
wave action. They do not occur i n  the deep open watess of lakes, ponds, 
o r  streams. 

On the basis  of egg-laying habits, mosquitoes may be divided i n t o  
temporary-water and permanent-water species. The Aedes and Psorophora - 
a re  temporary water breeders which deposit t h e i r  eggs on the moist s o i l  
of areas where surface water has receded. Hatching of the  eggs i s  
stimulated by subsequent floodings. The eggs may remain dormant f o r  
long periods, sometimes f o r  several  years i f  conditions a r e  unfavorable 
f o r  hatching. Normally, the  eggs hatch more o r  l e s s  simultaneously 
soon a f t e r  they a r e  flooded. I n  contrast, the Anopheles and CuleA - 
usually l a y  t h e i r  eggs on the surface of permanent and semipermanent 
bodies of water. The eggs usually hatch within a few days a f t e r  
oviposition. For both the temporary-water and permanent-water mosqui- 
toes, time between hatching of eggs and emergence of adul ts  var ies  with 
species and environmental conditions, especially water temperature. 
Development of the  aquatic stages may be completed i n  as  l i t t l e  as  four 
days i n  hot weather while several  weeks may be required i n  cool weather. 
Ae&s and Psorophora mosquitoes generally develop more rapidly than the - 
Anopheles and Culex. - 

Adult mosquitoes mate soon a f t e r  emergence and the females begin 
seeking blood meals, which most species require before laying eggs. The 
b i t i ng  habi ts  of adul t  mosquitoes vary with species. Anopheles and - Culex 
mosquitoes feed mainly a t  night while - Aedes and Psorophora species feed 
both a t  night and i n  the daytime. Most species e A i b i t  a peak of b i t i ng  
ac t iv i ty  during a one- o r  two-hour period immediately a f t e r  sundown. The 
Aedes and Psorophora species a r e  aggressive and vicious b i t e r s  of both man - 
and livestock. - Culex ta rsa l i s ,  a vector of encephalitis, feeds readi ly  on 
a wide range of hosts including man, wild and domestic birds, and livestock. 

a* 
The f l i g h t  range of mosquitoes var ies  widely with species and en- 

vironmental conditions. The direction and distance of t r ave l  a r e  great ly  
influenced by ava i l ab i l i t y  of food, shelter,  and wind conditions. Availa- 
b i l i t y  of food i s  probably the most important fac tor  influencing the move- 
ment of mosquitoes i n  many areas. I f  an adequate food supply i s  close t o  
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the  production s i t e s ,  adul t  mosquitoes probably w i l l  not t rave l  f a r  
from t h e i r  sources. On the other hand, mosquitoes may t r ave l  several  
miles when adequate food supplies a r e  not available nearer t h e i r  l a rva l  
habitats.  The normal f l i g h t  range of the  Anopheles and Culex mosquitoes - 
i s  usually considered to be about one mile, although recent studies have 
shown tha t  cer ta in  species such a s  C. t a r s e l i s  may t rave l  several miles . under cer ta in  environmental conditiEns. Most Aedes and Psorophora species - 
a re  strong f l i e r s  and a re  known t o  range severalmiles  from t h e i r  l a rva l  
habitats.  
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APPENDIX B 

Public Health and Socio-Economic Importance of Vector Problems 
Associatefi with GJater Resource Developents -- - 

Several groups of arthropods and rodents associated with the de- 
velopment and u t i l i z a t i o n  of water resources may create  serious public 
health and socio-economic problems. These include species t ha t  a r e  
vectors of disease organisms o r  serve a s  reservoirs of these organisms 
o r  which otherwise in te r fe re  wlth man's health and welfare. 

Mosquitoes - 
Approximately a dozen species of mosquitoes of public health and 

socio-economic importance may be produced i n  habi ta ts  associated with 
i r r iga t ion ,  impoundments, and other water resource develoments. En- 
cephali t is ,  commonly known a s  sleeping sickness o r  brain fever, i s  now 
the most important mosquito-borne disease i n  the  United States.  Mosqui- 
toes obtain the encephali t is  vi ruses  from wild vertebrates and then tram- 
m i t  them t o  horses and humans. There a r e  no effect ive chemotherapeutic 
measures f o r  preventing o r  t rea t ing  human cases; and same individuals, 
par t icu la r ly  children, who recover fmm encephali t is  often suffer  p e w -  
nent mental disabi l i ty .  Three principal types of mosquito-borne encepha- 
l i t i s  occur i n  the  United States. Fastern encephali t is  (EE) occurs 
mainly i n  the  Atlantic and Gulf Coast States  from New Hampshire t o  Texas, 
but sometimes extends as  f a r  inland as Wisconsin. St .  Louis encephalitis '  
(sLE) occurs chief ly  west of the  Misgissippi River and i n  several  of the 
Central States.  'Phe t h i r d  type, western encephali t is  (WE), i s  confined 
primarily t o  the s t a t e s  west of the  Mississippi River. 

Culiseta melanura snd several species of Aedesmosquizoes a r e  be- 
l ieved t o  br involved i n  the  transmission of EE. The pr incipal  vector 
of both WE and SLE i n  t he  Far West i s  Culex t a r s a l i s  a moaquito which - --, 
i s  widely dis t r ibuted west of the  Mississippi River. I n  t he  Central 
States, Culex pipiens and - culex quinquefasciatus a r e  believed t o  be im- 
portant m e  transmission of SLE. and other mosquitoes may 
a lso  be involved a s  secondary vectors of encephalitis. Both western 
and St. Louis encephali t is  a r e  endemic i n  many western areas, and out- 
breaks of WE among horses and of WE and SLE among humans have 3een 
ra ther  widespread. I n  recent years, outbreaks of encephali t is  have 
occurred i n  i r r i ga t ed  areas i n  the  Texas High Plains (1956), i n  the 
Intennountain States  (1957), i n  the Lcwer Rio Grande Valley (1957), i n  
Utah and New Mexico (1958), and i n  Wyoming (1960). 

The occurrence of malaria outbreaks as  a resu l t  of improperly pre- 
pared reservoirs i n  the  Southeastern States  i s  well documented. Malaria 
has a l so  been associated with i r r i ga t ion  i n  several  s t a t e s  including 
California, New Mexico, Texas, and i n  the rice-growing areas of the 
Mississippi Delta. This disease has been almost eradicated from the 
United States; and a t  present, there is no s ignif icant  malaria trans- 
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mission anywhere i n  the Nation. The malaria vectors (~nopheles  -- 
quadrimaculatus i n  the East and Anopheles freeborni i n  the West) a r e  
s t i l l  prevalent i n  some areas where favorable hab i t s t s  a r e  present. 
These mosquitoes const i tute  a po ten t ia l  hazard f o r  the establishment 
of new foc i  of malaria transmission, par t icu la r ly  i n  s i tuat ions  where 
the disease may be reintroduced from foreign countries. This was well 
i l l u s t r a t e d  a t  Lake Vera i n  California during the s m e r  of 1952, where 
35 cases of malaria occurred among Cmp Fi re  Girls. The source of t h e i r  
infections was traced t o  a soldier  who had an attack of malaria while 
camping a t  the lake. 

Several vicious-biting species including - Aedes Texans, Aedes dorsalis ,  
and - Aedes nigromaculis may be produced i n  habi ta ts  associated with irri- 
gation and other water resource projects. These mosquitoes often create  
public health problems aside from the transmission of specif ic  diseases. 
Such health hazards a r e  i l l u s t r a t e d  by the r e su l t s  of surveys made by the 
U. S. Public Health Service i n  i r r i ga t ed  areas i n  northern Montana. In  
three-fourths of the  families surveyed, mosquitoes severely annoyed both 
adul ts  and children and interfered with t h e i r  normal outdoor a c t i v i t i e s  
during the summer months. Mosquito b i t e s  caused some degree of injurious 
reaction i n  8 out of 10 people interviewedl and i n  one section, 40% of t he  
individuals examined by the physician showed evidence of secondary infec- 
t i on  of mosquito bi tes .  Some individuals, par t icu la r ly  children, frequently 
required medical a t ten t ion  and sometimes even hospitalization f o r  treatment 
of secondary infections and occasional a l le rg ic  reactions caused by mos- 
quito b i tes .  

I n  addition t o  t h e i r  public health importance, mosquitoes often 
create  other serious problems i n  both rura l  and urban areas. Their vicious 
b i t i ng  reduces the efficiency of farm workers and sometimes hinders the  
harvesting of crops. Dense populations of attacking mosquitoes have been 
reported t o  k i l l  livestock. The constant at tacks of even moderate popu- 
l a t i ons  of these insects  may reduce the v i t a l i t y  of farm animals and pre- 
vent proper feeding, thereby causing reduced weight gains and lower m i l k  
and egg production. Mosquitoes a r e  vectors of encephalitis, anaplasmosis, 
fowl pox, and several  other important diseases of animals.  These dis- 
eases kill large numbers of farm animals each year. Together, mosquito 
annoyance and mosquito-transmitted diseases undoubtedly resu l t  i n  losses 
of mill ions of dol lars  t o  fanners every year. 

0. 
Large numbers of b i t i ng  mosquitoes a l so  cause serious economic losses 

by reducing the efficiency of indus t r ia l  workers, lessening the value of 
r e a l  estate,  r e s t r i c t i ng  outdoor recreational ac t iv i t i es ,  and reducing 
attendance a t  outdoor business establishments such as  drivein theatres and 
eating places. 

The economic magnitude of the irrigation-mosquito problem alone is  

I i l l u s t r a t e d  by expenditures f o r  abatement of these insects. For e q l e ,  
i n  California over $5,000,000 i s  spent annually t o  control  encephalitis 
and other i r r iga t ion  mosquitoes and it has been estimated tha t  a t  l e a s t  
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twlce t h i s  amount would be required t o  provide adequate control through- 
out the  State.  Approdmately $200,000 i s  spent each year f o r  mosquito 
abatement i n  a few i r r i ga t ed  areas i n  Utah. Many urban cornunities i n  
other western i r r i ga t ed  areas spend large sums of money each season f o r  
chemical control t o  provide p a r t i a l  protection from mosquitoes. Indi- 
vidual families a l so  spend sizable amounts of money each summer f o r  
household sprays, mosquito repellents,  livestock sprays, and medicine 
for  treatment of mosquito bi tes .  The t o t a l  cost  of controlling irri- 
gation mosquitoes, together with the other serious economic losses  they 
cause, rdns in to  many millions of dol lars  ~ s c h  year. Thus, mosquitoes 
are  a major economic l i a b i l i t y  i n  many i r r i ga t ed  areas. 

Other Aquatic Insects 

Several other groups of aquatic insects  may be produced i n  suf- 
f i c i en t  numbers i n  habi ta ts  associated with water resource projects t o  
create  public health and economic problems. Deer f l i e s  and horse f l i e s  
(Tabanidae) a r e  produced along the margins of impoundments and i n  seeps 
and marshes i n  i r r iga ted  areas. These insects  a r e  vicious b i t e r s  of both 
man and livestock and a re  sometimes involved i n  the transmission of dis- 
eases such as  tularemia and anthrax. Some species of small gnats of the  
family Heleidae a r e  a l so  vicious b i t e r s  and often produce severe reactions 
and vesicular lesions. These gnats are  produced i n  damp areas of many 
i r r i ga t ed  valleys a s  well a s  s a l t  marshes and other wetland areas. In  
cer ta in  areas, black f l i e s  (Simuliidae) plague both man and livestock 
with t h e i r  i r r i t a t i n g  and painfuL b i tes .  They are  normally produced i n  
streams but sometimes occur i n  large numbers i n  i r r iga t ion  conveyance 
systems. The small nonbiting midges ( ~ e n d i ~ e d i d a e )  and the phantom 
midges (Chaoborinae) are  another group of pestiferous insects  which may 
be produced i n  impounded water. These insects  a r e  a t t rac ted  t o  l i gh t s  
i n  tremendous numbers and cause severe human annoyance. An example i s  
the Clear Lake gnat, Chaoborus astictopus, which creates serious problems 
at  the resor t  areas i n  Lake County, California. 

Te r r e s t r i a l  Arthropods and Rodents 

Each summer, many millions of people v i s i t  picnic s i tes ,  canpgrounds, 
cabins, and other water-related recreational f a c i l i t i e s  along the shores 
of reservoirs. I n  addition t o  mosquitoes and other insects  of aquatic 
origin, these people a r e  often exposed t o  t e r r e s t r i a l  arthropods such 
as  t icks,  mites, f leas,  and f l i e s  and rodents including ground squirrels,  
ra ts ,  mice, and chipmunks. The public health importance of these arthro- 
pods and rodents involves a number of human diseases including Rocky 
Mountain spotted fever, Colorado t i ck  fever, tularemia, relapsing fever, 
t i ck  paralysis,  typhus, plague, bac i l la ry  dysentery, and typhoid. The 
b i t e s  of cer ta in  arthropods a lso cause considerable i r r i t a t i o n ,  discomfort, 
and annoyance. 

5-40 



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

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

8 January 1964 SPLGP-F 

Regional Program Director 
Water Supply and Pollution Control 
Public Health Service, DHEd 
447 Federal Office Building 
San Francisco, California 94102 

Dear Sir: 

Your l e t t e r  of 17 December 1963 containing your report  on 
the Public Health aspects of our proposed "Interim Report on Survey 
fo r  Flood Control, Phoenix, Arizona, and Vicinity (including 
New ~ i v e r ) , "  i s  appreciated. 

The recornendations contained i n  your report  w i l l  be considered 
i n  l a t e r  general design studies o r  during construction of the proposed 
flood-control improvements. 

Sincerely yours, 

A. R. MARSHALL 
L t .  Col., Corps of Engineers 
Acting Di s t r i c t  Engipeer 
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UNITED STATES DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

Arizona S ta te  Office 
6029 Federal Building 
Phoenix, Arizona 85025 

November 20, 1963 

Dis t r ic t  Engineer 
U.S. Army Engineer Dis t r ic t ,  Los Angeles 
P.O. Box 17277, Foy Station 
Los Angeles, California 90017 

Reference: SPLGP-F 
Dear Sir:  

Thin responds to  your l e t t e r  of November 18, 1963 requesting us to  
submit our comments on the Interim Report on Survey for  Flood 
Control, Phoenix, Arizona and Vicinity, (including New River). 

The report recommends that  the United States  adopt a project for  the 
control of floods along Cave and Skunk Creeks and along the N e w  and 
Agua F r i a  Rivers within the metropolitan area of Phoenix, Arizona. 
The recommended plan provides for the construction of four dams, one 
each on Cave Creek, Skunk Creek, the New River and Dreamy Draw; the 
Union Hills and Arizona Canal diversion channels and the Cave Creek, 
Dreamy Draw, Skunk Creek, the New River, and the Agua Fr ia  River 
channel improvements. 0 

A review of the report  reveals that  the proposed project ,  i n  addition 
to  providing much needed flood protection to  the metropolitan area of 
Phoenix, Arizona, would also provide protection to  high-producing, 
high-value i r r iga ted  croplands. The proposed project  i f  ins ta l led  
would be of tremendous value to  farmers of the flood plain. 

The proposed program does not adversely a f fec t  the program or planned 
program of the Soil  Conservation Service. It i s  a part of the co- 
ordinated comprehensive flood control program of the County of Maricopa, 
Arizona i n  which the Soil Conservation Service i s  part icipating.  

Sincerely yours, 0. 

Robt. V. Boyle 
State  Conservationist 6 

cc: E.J. Core 
L.A. H i l l  
W.E. Rhinehart 
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UNITED STATES DEPARTMENT OF COMMERCE 
WEATHER BUREAU 

AREA HYDROLOGIC ENGINEER 

650 Capitol Mall, Room 8102 
Sacramento, California 95q14 

December 3, 1963 

District Engineer 

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

Subject: Proposed Interim Report for Flood Control - Phoenix 
- Arizona, and vicinity 

0 Dear Sir: 

Mr. Louis R. Jurwitz, Meteorologist in Charge, of the Weather 
Bureau Airport Station in Phoenix, Arizona, was asked to review the 
above mentioned report. The following are his comments: 

"I have carefully reviewed sections of reference report for 
climatology and have no corrections or additions to suggest. 
In my opinion, the report is well presented. Proposed works, 
if accomplished, should provide needed protection to life and 
property in the Phoenix Metropolitan area. 

Due to the erratic nature of flash-flood producing storms and 
the limited time between rainfall and runoffs, it is impractical, 
at present to provide adequate warning service of possible flood- 
ing. Recommended projects should provide needed protection from 
serious flooding in the Metropolitan Phoenix area, and appear 
feasible as evidenced by the ratio of average benefits to annual 
charges of 2.9 to 1." 

Sincerely yours, 

3'. van de Erve 
Western Area Engineer 



State  Office Building Phoenix 7, Arizona 271-4295 

December 9, 1963 

Dis t r i c t  Engineer 
U.S. Army Engineer, L.A. 
P.O. Box 17277, Foy Station 
Los Angeles 17, California 

Dear Sir: 

We appreciate the opportunity to comment on your Interim Report 
i n  re la t ion  t o  development of Phase B, the  proposed Phoenix and Vicinity 
(Including New ~ i v e r )  Flood Control Project. 

The primary objectives of Phase B wi l l  be the construction of 
four flood water detention basins with a combined capacity of 88,150 
acre-feet, 22.75 miles of diversion channels and 29.1 miles of 
channelization d o n g  exis t ing r iye r  beds. 

No storage fo r  water conservation i s  presently provided fo r  i n  
any of the flood water detention structures.  Plans c a l l  fo r  ungated 
spillway out le ts .  We f e e l  t h a t  some provision should be made i n  the 
i n i t i a l  planning t o  d l o w  fo r  future  consideration and possible expan- 
sion i n  the  event a conservation pool is  feasible.  The various flood 
control projects  so designed and authorized da not provide adequate 
storage t o  consider fishing. We note with in t e re s t  t ha t  recreation, 
however, has been planned in to  these developments under the multiple- 
purpose features. Without storage, recreation would be l imited.  

Fishing i s  non-existent now, and with the  project,  a s  it i s  
currently written, no f i s h  habi ta t  w i l l  be created. The poss ib i l i t y  
of storage i n  the Cave Buttes and Lower New River should not be over- 
looked. The l a t t e r  may necessarily be d i squd i f i ed  because of the 
porous land formation i n  t h a t  area. 

However, u n t i l  there  a re  def in i te  findings f r o m  core d r i l l i n g  
and other  engineering investigations to eliminate Lower New River, 
t h i s  area s t i l l  remains of v i t a l  i n t e re s t  t o  us. This was emphasized 
i n  M r .  Arrington's l e t t e r  t o  you of June 13, 1963, i n  which it was 
pointed out t ha t  a minimum pool at elevation 1430 would create a 
612 surface acre lake with 8,000 acre-feet capacity. 

According t o  our findings, the Cave Buttes s i t e  has 193 square 
miles drainage. Ihe area above the o ld  dam has 162 square miles of 
drainage. Although the additional 30 square miles of drainage at the 
lower Cave Buttes s i t e  i s  not appreciable, it does co l lec t  water from 
an area t o  the east. It seems possible a greater depth wi l l  occur a t  
the lower s i t e  with the same amount of water. 



Dis t r i c t  Engineer -2- December 9, 1963 

With the poss ib i l i t y  of water from other sources, some exchange 
program might be developed whereby a conservation l eve l  behind the 
detention dams could be maintained. During flood periods and runoff, 
water can then be returned by release t o  the canals. Tnis was dis- 
cussed s e v e r d  times with representatives of various agencies and the 
idea did not appear t o  be too far out of l i n e .  

Potential  wi ld l i fe  habi ta t  locses within the flood water reten- 
t ion  area cannot be disregarded a s  insignif icant .  In  the r ive r  bottoms, 
a great concern i s  f e l t  fo r  the r ipar ien vegetation along the water 
courses. We are  Ri l ly  aware of the need f o r  developing more effect ive 
water conservation measures. A t  the  same time, we are  providing maxi- 
mwn populations of huntable game fo r  the ever increasing hunter 
population and demand. 

Many species of game birds  and animals inhabit  these areas, 
e spec ia l ly the  upland game species. In the sparsely vegetated desert  
regions, the s ignif icant  growth along washes and stream courses provide 
the only protective cover f o r  these animals. Elimination of any 
vegetation wi l l  have a def in i te  e f fec t  on the existing wi ld l i fe  and the 
potent ia l  wi ld l i fe  production i n  these areas. 

Again, we wish t o  express our appreciation fo r  the opportunity 
t o  of fe r  comments and suggestions on t h i s  phase of the project.  

Sincerely, 

R. J. Smith, Director 

1.1 
By: John P. Russo 

River Basin Supervisor 

JPR: ma 

cc: Field Supervisor 
U.S. Fish &Wi ld l i f e  Ser. @. Branch of River Basin Studies 
Phoenix, Arizona 

e 
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U.S. ARMY ENGINEER DISTRICT, LOS ANGELFlS 
CORPS OF ENGIiTEERS 

751 South Figueroa Street  
Los Angeles 17, California 

30 December 1963 SPLGP-F 4 

Mr. R. J. Smith 
Director 
Arizona Geme and Fish 

a 
Department 

State  Office Building 
Phoenix 7, Arizona 

Dear Mr. Smith: 

Reference is made t o  your l e t t e r  of comment of 9 December 1963, 
regarding our proposed interim report  fo r  flood control, Phoenix, 

a 
Arizona, and v ic in i ty  (including New River). 

You point out tha t  some provision should be made i n  the i n i t i d  
planning to allow fo r  future consideration and possible expansion of 
f i sh  and wildl i fe  i n  the event a conservation pool i s  feasible.  You 
indicate tha t  the poss ib i l i ty  of water-conservation storage i n  the 

e 
Cave Buttes and New River detention basins should not be overlooked. 
You also indicate concern fo r  the elimination of vegetative growth 
and subsequent potent ial  wildlife-habitat  losses within the detention 
basin areas and along the water courses. 

With respect t o  the l a t t e r  comment, serious consideration wi l l  
be given, i n  developing detailed plans, to providing a minimum 
disturbance of t r ees  and shrubs. 

This o f f i ce  gave consideration to  development of  f i s h  and wild- 
l i f e  and recreation f a c i l i t i e s  a t  the proposed reservoir s i tes .  We 
found tha t  because of the low average annual yield, the high evapora- 

4 
t ion, and the large i n f i l t r a t i o n  losses, f i sh  and wildl i fe  o r  
recreation f a c i l i t i e s  tha t  could be developed would be minor and 
probably could not be just i f ied.  

In  addition, the Granite Reef aqueduct of the Central Arizona 
project, proposed by the Bureau of Reclamation, crosses New River, 
Skunk Creek, and Cave Creek i n  the v ic in i ty  of the proposed detention 

.* 
basins. A def in i te  location f o r  t h i s  aqueduct has not been determined 
and all features of the Bureau project have not been firmed. W i t h  the 
importation of Colorado River water t o  the  area, the  proposed deten- 
t ion basins probably could be adapted fo r  multiple-purpose use with 
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* 
SPLB-F 30 December 1963 
M r .  R. J. Smith 

mutual advantages for  the  Central Arizona project aqueduct f a c i l i t i e s ,  

0 the future municipal water supply treatment and dist r ibut ion f a c i l i -  
t i e s  of the  c i t y  of Phoenix supplied by the Central. Arizona project,  
recreation plans of the Maricopa County Parks and Recreation Depart- 

0 ment, and f i s h  and wildl i fe  f a c i l i t i e s  t o  be developed joint ly  with 
your off ice  and the  U.S. Bureau of Sport Fisheries and Wildlife. 

r) 
This of f ice  has not made further studies of f i s h  and wi ld l i fe  

and recreation development under present water supply con6itions 
because of: (1) the apparent minor aspect of a f i s h  and wildl i fe  
and recreation program under conditions whereby water supplies would 
be l imited t o  the  natural  flows of the streams involved; (2 )  the 
probabi l i ty  t h a t  importation of water from the Colorado River under 
the Central Arizona project  would enhance the opportunity t o  develop 
f i s h  and wi ld l i fe  and recreation resources; and (3)  the inab i l i t y  t o  
develop detai led plans u t i l i z ing  Colorado River water u n t i l  firm 
plans are developed by the Bureau of Reclamation. Addition of f i s h  
and wi ld l i fe  and recreation f a c i l i t i e s  would not appreciably change 
the o v e r d l  conclusions of the report. However, you can be assured 

9 
t h a t  i f  the Phoenix project  i s  authorized f o r  construction, detailed 
consideration wi l l  be given t o  f i s h  and wildl i fe  and recreation 
aspects i n  the def in i te  p lp jec t  studies, t o  assure t h a t  maximum 
development a t  the proposed detention basins is  achieved. 

Sincerely yours, 

5-47 

Is/ A. R. MARSHALL 
Lt. Col., Corps of Engineers 
Deputy Di s t r i c t  Engineer 
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K. WILLIAM HOLBROOK 
YIY.ER ARIZONA HIGHWAY DEPARTMENT 

Phoenix, Arizona 85007 

January 9, 19.64 

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

Subject: Your File SPLGP-F 
Flood Control - Phoenix, Arizona a,nd Vicinity 

Dear Colonel Pea,cock: 
I 

J 
In accordance with your letter of November 18, I have reviewed 
the Interim Report for Flood Control, Phoenix, Arizona and 
Vicinity (including New River). 

The following State agencies which will be involved with the 
proposed plan have expressed their views as noted below: 

The Arizona Gcl~ne and Fish Department are concerned 
over the affect of the program on wildlife and are 
also interested in the development of recreational 
areas as expressed in their letter of December 9 
to you. 

The State Land Department will cooperate with the 
Flood Control District in securing rights-of-way 
across State lands. 

The Arizona Highway Department will cooperate with 
the Corps in their preparation of plans for the pro- 
posed crossings of State highways. 

I also strongly recommend that all possible consideration be 
given to any modifications which would permit development of 
multiple purpose features. 



Colonel E a r l  G. Peacock January 9 ,  1964 
D i s t r i c t  Engineer, L.A. 
Subj : SPLGP-F 

Flood Control  - Phoenix, Ariz. and Vic in i ty  

Page 2 

The comprehensive plan of f lood con t ro l  has been shown t o  be 
economically f e a s i b l e  and conforms t o  t h e  i n t e r e s t s  and needs of. 
t h e  Phoenix area.. I the re fo re  concur with t h e  recommendations 
a.s expressed i n  t h e  In t e r im Report. 

Very t r u l y  yours ,  

MT/ f f 

cc  : Governor Fannin 

MART~N TONEY f 
Engineer of  Bridges & Dams 



U.S. ARMY ENGINEER DISTRICT, MS ANGELZS 
CORPS 9F FNGINEERS 

751 South Figueroa Street  
Los Angeles 17, California 

17  January 1964 

M r .  Martin l'oney 
Engineer of Bridges and Dams 
Arizona Highway Department 
1739 West Jackson Street  
Phoenix, Arizona 85007 

Dear M r .  Toney: 

Reference i s  made t o  y ~ u r  l e t t e r  of comment dated 9 January 1964, 
regarding our proposed interim report  fo r  flood control, Phoenix, 
Arizona, and v i c in i ty  (including New ~ i v e r )  . 

You point out  t ha t  the Arizona Game and Fish Department i s  
concerned over the  e f fec t  of the proposed flood-control program on 
wildl i fe  and i s  a l so  interested i n  the development of recreation 
areas. In our reply t o  the Director of the Arizona Game and Fish 
Department, we pointed out t h a t  t h i s  o f f i ce  gave consideration t o  
development of f i s h  and wi ld l i fe  and recreation f a c i l i t i e s  a t  the 
proposed reservoir s i t e s .  We found tha t  under present conditions, 
wherein water supplies were l imited t o  the natural  flows of the 
streams involved, f i s h  and wi ld l i fe  o r  recreation f a c i l i t i e s  t ha t  
could be developed would be minor and pmbsbly could ilot be 
jus t i f ied  because of the low average annual yield of the streams 
involved, the h igh  evaporation, and large i n f i l t r a t i o n  losses  tha t  
would occur i n  the  reservoir areas. 

However, we noted tha t  the Granite Reef aqueduct.of the Central 
Arizona project,  proposed by the Bureau of Reclamation, crosses New 
River, Skunk Creek, and Cave Creek i n  the v i c in i ty  of the proposed 
detention basins. A def in i te  location for  t h i s  aqueduct has not been 
determined and all features  of the Bureau project  have not been 
firmed. With the importation of Colorado River water t o  the area, 
the proposed detention basins probably could be adapted f o r  multiple- 
purpose use with mutual advantages for  the Central Arizona project 
aqueduc* f a c i l i t i e s ;  the future municipal water supply treatment and 
dis t r ibut ion f a c i l i t i e s  of the c i t y  of Phoenix, supplied by the 
Central Arizona project; recreation plains of the Msricopa County 
Parks and Recreation Department; and f i s h  and wildl i fe  f a c i l i t i e s ,  
t o  be developed joint ly  with the Arizona Game and Fish Department 
and the U.S. Bureau of f o r t  Fisheries and Wildlife. 



4 SPW-F 
M r .  Martin 'foney 

17 January 1964 

A s  indicated t o  the  Director of the  Arizona Game and Fish Depart- 
ment, t h i s  office has not made fur ther  studies of f i s h  and wildlife 
and recreation development under present water supply conditions 

1) because of: ( a )  the apparent minor aspect of a f i sh  and Wildlife and 
recreation program under present conditions; (b) the probabi l i ty  t h a t  
importation of water from the Colorado River under the Central Arizona * project  would enhance the op or tuni ty  t o  develop f i s h  and wi ld l i fe  and 
recreation resources; and (c  '3 the  i n a b i l i t y  to develop detai led plans 
u t i l i z ing  Colorado River water u n t i l  firm plans a re  developed by the  

a Bureau of Reclamation. Addition of f i s h  and wi ld l i fe  and recreation 
f a c i l i t i e s  would not appreciably change the overal l  conclusions of 
the  report. However, we can assure you that ,  i f  the Phoenix prbject  
i s  authorized fo r  construction, detailed consideration w i l l  be given 
t o  f i s h  and wi ld l i fe  and recreation aspects i n  the def in i te  project  
studies, t o  assure t h a t  maximum development a t  the proposed detention 

e basins is achieved. 

The expressions of cooperation of the State  Land Department i n  
securing rights-of-way f o r  loca l  i n t e re s t s  and of the Arizona Highway 
Department i n  preparation of plans fo r  proposed crossings of State  
highways a re  appreciated. 

Sincerely yours, 

/s/ SHEI/PON B. BILES 
Major, Corps of Engineers 
Assistant D i s t r i c t  Engineer 



APPENDIX 6 - RESOWTION BY LOCAL INTEXBTS 

PROENIX, ARIZ., AM) VZCImTY (INCLUDXNG NW RIW) 
GILA RIVER BASIN, AItIZ. WND N. MEX. 

RESOLUTION OFMARICOPA COUNTY FLOOD CONTROL DISTRICT 

WliIBiMS, Act of congress, Public b w  761, Seventy- f im 
Congress, approved June 28, 1938, authorized a preliminary e~amina- 
t ion  and survey fo r  flood control m the  Gila River and t r ibu tar ies ,  
Arizona and New Mexico; 

WHERFAS, a flood-control project  fo r  Phoenix, Arizona and 
v ic in i ty  i s  being considered i n  an interim report  under preparation 
by the  M s t r i c t  Engineer, U.S. Army Engineer D i s t r i c t  a t  Los 
Angeles, California j 

WHEREAS, protection against  flood damage would be provided t o  
urban and agr icu l tura l  lands i n  the Phoenix metropolitan area by 
flood control improvements under consideration for  construction by 
the United States; 

W H E R E A S ,  Section 3 of Public Law 736, Seventy-fourth Congress, 
provides t h a 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, o r  any other responsible l aca l  agencies have given assur- 
ances sat isfactory t o  the Secretary of the Amy tha t  they w i l l  
assume cer ta in  enumerated obligations; 

WHEREAS, T i t l e  45, Chapter 10, Section 45-2360 of the Arizona 
State  Water Code authorizes the Board of Directors of any Flood 
Control D i s t r i c t  t o  co-operate with the United States  i n  the 
construction of flood-control works. 

WREBFAS, the  Board of  Directors of The Flood Control D i s t r i c t  
of Maricopa County has considered the need for flood control i n  the 
Phoenix metropolitan area, and has agreed t h a t  it go on record 
supporting the flood-control program under consideration by the 
United Statee A m y  Engineers. 

NOW, !lTW4EFORE, BE IT RESOLVED by the Board of Directors of 
The Flood Control Dis t r ic t  of Maricopa County, Arizona, that, i f  a 
flood-control project  consisting of detention basins on Dreamy 
Draw, Cave Creek, Skunk Creek, and New River; a diversion channel 
generally pa ra l l e l  to and north of B e l l  Road; a diversion channel 
pa ra l l e l  t o  and jus t  upstream from the Arizona Canal from 12th 

e St ree t  t o  Skunk Creek; and improved channel along Cave Creek, 
Dreamy Draw, Skunk Creek, New River and A g u a  Fr ia  River be found 
economically feasible and be authorized by ac t  of Congress, the 
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Flood Control District of Maricopa County will participate to the 
best of its ability by asswing the following obligations: 

a. Acquire and provide, without cost to the United States, 
all lands, easements, and rights-of-way necessary for the construc- 
tion of the project, at a cost presently estimated at $7,320,000. 

b. Perform, without cost to the United States, all necessary 
relocations of highways and roads (including bridges), utilities, 
and all necessary street modifications required in connection with 
the project, at a cost presently eetimated at $3,000,000. 

c. Hold and save the United States or any instrumentality, 
department or agency thereof, free from any damages arising from 
constmction, maintenance, and operation of the work. 

d. Maintain and operate, upon completion, all works in 
accordance with regulations to be prescribed by the Secretary of 
the Army. 

e. Establish and enforce flood-channel limits and regulations, 
satisfactory to the Secretary of the Army, for the preservation of 
the flood-carrying capacities of the proposed improvements. 

BE IT rmRTHER RESOLVED that this resolution be entered in the 
minutes of the Board of Directors of the Flood Control District of 
Mssicopa County and in the minutes of the Board of Supervisors of 
the County of Maricopa and that the Clerk of said County be,and he is 
hereby directed to forward a certified copy of this resolution to 
the District Engineer, U.S. Army Engineer District, Los Angeles, 
Corps of Engineers, P.O. Box 17277, Foy Station, Los Angeles 17, 
California. 

PASSED AND APPROVED this 4th day of November, 1963. 

/s/ B. H. Burns 
Chairman of the Board of Directors 
of the Flood Control District of 
Maricopa County 

ATTEST : 

/s/~hea Averill 
Clerk of the Board 



PHOENIX, ARIZ., AND VICINITY (INCLUDING NEW RIVER) 
GILA RIVER BASIN, ARIZ. AND N. MEX. 

Information called for by 
Senate Resolution 140, 85th Congress 

Adopted January 28, 1958 

1. Problems considered.--A serious flood problem exists along 
Dreamy Draw, Cave Creek, and Skunk Creek and along the New and the 
Agua Fria Rivers, which are the major streams under detailed cocsid- 

* eration in this report. Until recently, floods along Dreamy Draw 
and Cave Creek rarely caused large damages, mainly because of the 
predominantly agricultural development in the overflow area. liow- 
ever, with the population explosion in the Phoenix metropolitan 
area - particularly si:lce 1950, the flood-damage potential has 
increased tremendously. The flood channels of Dreamy >raw and 
Cave Creek disappear at the Arizona Canal and not even a trace of 
a stream is evident downstream. The area downstream from the canal 
is now intensively developed with urban-type property - predomi- 
nantly residential, commercial, and industrial improvements. Floods 
along Skunk Creek, the New River, and the Agua E'ria River cause 
damage to mainly agricultural-type property, except at the commu- 
nities of Peoria and Avondale. 

2. Damage to property in the overflow areas is caused princi- 
pally by inundation and debris deposition. The floodflows result 
primarily from local thunderstorm rainfall of high intensity and 
short duration. Along the New River and the Agua Fria River, 
severe bank and surface erosion occurs. Inundation damage will 
also cause severe disruption of activities, both inside and outside 
the flooded area. Because of the continued growth in the overll.ow 
area, damages will be greater under future conditions than under 
present conditions. 

3. Water-conservation problems or other problems related to 
flood problems are not of xufficient magnitude to warrant detailed 
investigation in connection with this flood-control survey. 

4. Recommended improvement.--The recommended plan of flood- ------ 
control improvement provides for (a) - four dams a.nd detention basixs - 
one each on Cave Creek, Skunk Creek, tile New River, and Dreany 
Draw; (g) the Union Hills aid tine Arizona Canal Civersion chmnels; 
and (c) the Cave Creek, the Dreamy Draw, the Skunk Creek, the 
New River, and the Agua Fria River channel improvements. The plan 
provides for controlling as much of the floodflow as possible in 
the drainage area involved; for diverting residual. flows in Cave 

.. Creek and sevcral small washes to Slc~n!i Creek; ;uld for. i~xproving 
Slmnls Creels, the F?err River, and the Agun Fria Ri-?er to carry these 
residual flows -to an adequate point of disposal in the Gila River. 



5. Pertinent information on each of the  un i t s  of improvement 
under the recommended plan is given i n  the following subparagraphs. 0 

(a)  Cave Buttes detention - basin.--The Cave Buktes detention 
basin would be constructed about 2 miles downstream from the ex is t -  
ing Cave Creek Dam. The main embankment would be a compacted- 
e a r t h f i l l  s t ructure  with a maximum height of about 120 f e e t  above 
streambed. The c re s t  of the  dam would be about 2,100 f ee t  long. 0 
Two e a r t h f i l l  dikes, about 12,100 f ee t  i n  t o t a l  length, would be 
required. The detention basin,  which ~ ~ o u l d  have a capacity of 
28,800 acre-feet  a t  spillway c res t ,  would be designed t o  reduce 
a standard project  flood with a peak inflow of 79,000 cubic f e e t  
per  second t o  an outflow of 5,400 cubic f e e t  per second. Q 

(b_) Cave Creek channel.--The Cave Creek channel would be a 
trapezoidal concrete-lined channel about 3.6 miles long, extend- 
ing from the ou t l e t  of the proposed Cave Buttes Dam t o  t,he pro- 
posed Union Hi l l s  diversion channel. The channel, which would have 
a bottom width of 10  f ee t  and a depth of about 10 f ee t ,  would 
accommodate a discharge of 6,000 cubic f e e t  per second. The en t i r e  
channel would be excavated below natural  ground. No bridges o r  
u t i l i t y  relocations a r e  expected. 

( 2 )  Union H i l l s  diversion channel.--The Union Hills diver- 
sion channel would be a trapezoidal concrete-lined channel about 
9-314 miles long, extending from the divide between the Cave Creek 
and Indian Bend Wash drainage areas, near 40th S t ree t ,  t o  Skunk 

''1 

Creek. The channel would have bottom widths ranging from 15  t o  
60 f e e t  and depths ranging from 10 t o  18 fee t .  The Siesign dis-  
charge of the channel would range from 2,000 cubic f e e t  per second 
a t  the upstream end t o  13,400 cubic f e e t  per  second a t  the down- 
stream ou t l e t  i n to  Skunk Creek. The channel would be excavated 

Oi 

ent i re ly  below natural  ground. Seven bridges - one each a t  
32nd Street ,  Union H i l l s  Drive, Cave Creek Road, 7th S t ree t ,  
19th Avenue, Black Canyon Highway, and 35th Avenue - rlould be 
required. About 1,800 f e e t  of Union Hi l l s  Drive would be relocated. 

1) 
(d) Dreamy Draw detention basin. --The Dreamy Draw detention 

basin would be constructed i n  Dreamy Draw just  south of Shea 
Boulevard and 1 mile eas t  of 16th S t ree t .  The main embankment 
riould be a compacted-earthfill s t ructure  with a maximum height 
of about 50 f e e t  above streambed. The c re s t  of the  dam would 
have a length of 480 f ee t .  5 J O  e a r t h f i l l  dikes, with a t o t a l  
length of 1,800 f ee t ,  would be required. The detention basin, 
which would have a capacity of 450 acre-feet  a t  the spillway 

0. 
cres t ,  is designed t o  reduce a standard project  flood with a 
peak inflow of 2,180 cubic f e e t  per second t o  an outflow of 
100 cubic f e e t  per  second. 

( e )  Dreamy Draw channel.--The Dreamy Drau channel would be a 
rectangular concrete channel with a 10-foot base rridth, extending 
from the Dreamy Draw detention-basin ou t l e t  t o  the Arizona Canal 
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8 .  
diversion channel, a length of about 3-1/2 miles. The design 
capacity would range from 100 cubic f e e t  per  second a t  the upstream 
end t o  1,500 cubic f e e t  per second a t  the doc!nstresm end. The 
channel, which vould be excavated e r ~ t i r e l y  below tine n ~ t u r a l  8~01ii3,  
would have depths ranging from 7 t o  9 fee t .  Bridges a t  Shea 
Boulevard, 16th S t ree t ,  Winter Drive, 14th S t ree t ,  Belmont Avenue, 
and 12th S t ree t  would be required. 

(f ) Arizona Canal diversion channel. -- --The Arizona Canal 

e diversyon channel, which would be just  upstream from the Arizona 
Canal and nearly pa ra l l e l  t o  t h a t  canal, would extend from D r e w  
Draw t o  Skunk Creek. The channel would comprise a 2-mile-long 
rectangular concrete section at  the upstream end and a 10-mile- 
long trapezoidal ear th  section a t  the downstream end. The rec- 
tangular channel would have bottom widths ranging from 10 t o  
50 f e e t  and depths ranging from 8 t o  18 fee t .  The trapezoidal 
ear th  section would have bottom widths ranging from 20 t o  220 f e e t  
and depths ranging from 8 t o  20 feet .  The design capacity of the 
channel would range from 1,500 t o  18,500 cubic f e e t  per second. 
Bridges would be required a t  7th S t ree t ,  Central Avenue, 7th Avenue, 
19th Avenue, Black Canyon Highway, 43rd Avenue, 51st Avenue, 
59th Avenue, and Northern Avenue. 

(g) Adobe detention basin. --The Adobe d-etention basin would 
be constructed on an unnamed t r ibu ta ry  of Skunk Creek, about 
7 miles north of Bell  Road and about 1 mile vest  of the Black 
Canyon Highway. The embankment would be a compacted-earthfill 
s t ructure  with a maximum height of about 76 f e e t  above streambed. 
The c re s t  of the dam would have a length of 3,850 f ee t .  The 
detention basin,  which would have a capacity of 19,400 acre-feet ,  
would reduce a standard project  flood w i t h  a peak inflow of 

Creek t o  the Adobe detention-basin area. Construction of the  diver- 
sion channel would require construction of a bridge f o r  the  Black 
Canyon Highway. 

(&) Skunk Creek cha&.--The Skunk Creek channel would be 
a concrete-lined trapezoidal channel constructed along Sk~mk Creek 
from a point jus t  upstream from the ou t le t  of the  Union Hi l l s  
diversion channel downstream t o  a confluence with the New River, 

a a distance of about 6-112 miles. The channel would have a design 
capacity ranging from 24,400 t o  41,400 cubic f e e t  per  second, 
base widths ranging from 1 5  t o  40 fee t ,  and depths ranging from 
10  t o  23 fee t .  Bridges a t  59th Avenue, Bell  Road, and 83rd Avenue 
would be required; and about 2,000 f e e t  of Union H i l l s  Drive would 
be relocated. 

0 
( )  New River detention -- basin.--The New River detention basin 

would be constructed on the New River about 8 miles upstream from 
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the  mouth of Skunk Creek. The main embankment would be  a compacted- 
e a r t h f i l l  s t r u c t u r e  v i t h  a maximum height  of about 80 f e e t  above 
streambed. The c r e s t  of the  embankment would be 2,700 f e e t  long. 
An e a r t h f i l l  dike about 4,900 f e e t  long would be required along the  
west edge of the  detention-basin area .  The detention bas in ,  which 
crould have a capacity of 39,500 ac re - fee t ,  would reduce a standard 
p ro jec t  f lood with a peak inflow of 60,000 cubic f e e t  p e r  second 
t o  an outflow of 1,000 cubic f e e t  per  second. 

(2) ----- New River channel improvement.--The -- improved channel f o r  
the  New River would extend from the  mouth of Skunk Creek downsti:eam 
t o  the  confluence with the  Agua F r i a  River, a dis tance  of about 
8 miles. The channel, which would be excavated i n  ear th ,  vrould 
have revet ted  s i d e  slopes. The channel would be  a trapezoidal. 
sec t ion with bottom widths ranging from 400 t o  800 f e e t  and d~epths 
ranging from 8-11;! t o  11 f e e t .  The desj.gn capacity of t h e  channel 
would range from 53,400 cubic f e e t  p e r  second a t  the  U.S. Highway 
No. 60 crossing of the  channel t o  58,000 cubic f e e t  p e r  second a t  
the  mouth oT the  New River. The Sante Fe ra i l road ,  the  U.S. Righway 
No. 60, and t h e  Glendali Avenue bridges would require  modi.fication. 
Dip crossings %iould be required. a t  Thunderbird. Road and at  Peoria, 
Northern,and Olive Avenues. 

(lc) Agua -- Frj.a channel improvement. --An excavated e a r t h  
channel. vould be constructed ik the  Agua F r i a  River f o r  a d is tance  
of 7-112 miles from t h e  mouth of the  New River t o  a po in t  about 
2 miles downstream (south)  of the  bridge f o r  U.S. Highway No. 80. 
The channel would be a t rapezoidal  sec t ion with base widths rang- 
ing from 800 t o  1,500 f e e t  and depths ranging from 8-1/2 t o  1 0  f e e t .  
The des:ign capacity of the  channel would range from 70,000 t o  
74,000 cubic f e e t  p e r  second. About 1/2 mile of El  Mirage Road 
vould be relocated.  Dip crossings would be provided f o r  Van Buren 
S t r e e t  and f o r  Indian School, Thomas, and McDowell Roads. 

6. Each of the  detention bas ins  would be  designed t o  control  
a standard p ro jec t  flood from the  drainage a r e a  upstream from the  
dam. Each of the  diversion channels and the  o the r  channel improve- 
me~lts vould be designed t o  control  the  runoff estimated t o  occur 
on an average of about once i n  100 years. Floods of these  magni- 
tudes, although only about 46 percent  of the  standard p ro jec t  flood, 
a r e  l a r g e r  than any known flood of record i n  the  metropolitan area .  
The capac i t i e s  of t h e  recommended channels arould be  considerably 
more than the  nondamaging capac i t i e s  of the  ex i s t ing  washes. 
Improvements under the  recommended plan would prevent about 
89 percent  of the  t o t a l  average annual damages i n  the  overflow 
areas  along Dreamy Draw, Cave Creek, and Slcunk Creek; along the  
New and the  Agua F r i a  Rivers; and along t h e  small vashes between 
Cave Creels and t h e  Agua F r i a  River. Most r es idua l  damages would 
r e s u l t  from flo~.rs o r ig ina t ing  downstream from the  proposed works. 
The economic l i f e  of each p ro jec t  u n i t  i s  considered t o  be 100 years. 



7.  Project  costs.--The estimated f i r s t  costs f o r  the recom- 
mended project ,  based on October 1963 prices,  a r e  given i n  the 
following table:  

Estimated f i r s t  costs of recommended project  - Phoenix, Ariz.,  and 
v i c l n i i y ( i n c 5 d i n g  New River) 

@ -- 
: Estimated 

Item : f i r s t  costs 

Federal (construction of channels and detention 
.@ basins) .  ........................................... : $59,680,000 

Non-Federal (rights-of -way and relocations).  ......... : 11,120,000 .- 

Total. ......................................... : 70,800,000 

8. The average annual cost  ( a l l  non-~edera l )  f o r  maintenance 
and operation is estime.icd a t  $223,000 Preauthorization coats 
of $275,000 already expended a re  not included i n  the preceding 
estimates. 

9. Benefit-cost ratio.--Average annual costs, and benef i ts  
and benefit-cost  ra t ios  fo r  the recommended pro,ject, developed on 
the basis  of an economic l i f e  of 50 years and an economic l i f e  of 
100 years, are  given i n  the  following table .  An in t e r e s t  r a t e  of 
3 percent was applied, and October 1963 pr ices  were used. 

Pertinent information on average a n a c o s t s  and benef i ts  and - 
benefit-cost-%&tios - f o r  - reccnmended project  - Phoenix, Ariz., 
and v i c in i ty  -(including New River) 

Item . Life  of project  

: 100 years : 50 years 

Average annual costs:  
In te res t  and amortization ........................ (Federal). : $1,927,000 : $2,367,000 
~ n t e r e s t  and amortization .................... (non-Federal). : 581,000 : 665,000 
Maintenance and operation . ..................... (non-Federal) : 228,000 *- 228,000 

! I .......................... Total. : 2,736,000 : 3,260,000 
2,740,000 : 3,260,000_ (say). ........................... 



P e r ? n i i a l  c o s t s  and b e n e f i t s  and 
benefi t-cost  r a t i o s  f o r  recom~ended pro.iect - Phoenix,Ariz., - 
and v i c i n i t v  ( including ,New ~ i v e d - - c o n t i n u e d  - --- 

: L i f e  of p ro jec t  
Item 

: 100 y e ~ r s  : 50 years  

Average annual b e n e f i t s :  .......... Prevention of f lood damages.. : $7,750,000 : $5,330,000 ........ Increased u t i l i z a t i o n  of land..  : Lh60_1000 : L.20~000 

Total . .  ............ .. ............... : 8 , 2 1 0 ; m :  6,250~03Q - 
Rat io  of b e n e f i t s  t o  costs . . . . . . . . . . . . . . . :  3.0 t o  1 : 1.9 t o  1 

10. I n t a n e i b l e t s . - - M a n y  b e n e f i t s  not  suscept ib le  
of monetary evaluat ion  would accrue from t h e  operat ion of t h e  
improvements considered i n  t h i s  r epor t .  Such b e n e f i t s  would include 
reduct ion  of t h e  danger of l o s s  of l i f e  from f loods .  Loss of l i f e  
has occurred i n  t h e  Phoenix area i n  previous f loods;  with t h e  
r a p i d l y  increasing development i n  t h e  overflow area,  t h e  danger of 
l o s s  of l i f e  i s  increasing.  Other in tang ib le  b e n e f i t s  would resu1.t 
from (a) prevention of such i n t e r r u p t i o n  of se rv ices  from t h e  
Arizona Canal a s  would occur when t h e  canal  i s  emptied t o  perform 
flood-control d ivers ion  during rainstorms or i s  breeched by 
floodflows; (_b) reduct ion  of epidemics caused by f lood  damages t o  
sewer and water systems; (s) prevention of in te r rup t ions  t o  t r a f f i c ,  
business t r ansac t ions ,  publ ic  u t i l i t i e s ,  home l i f e ,  and school end 
other  normal community a c t i v i t i e s ;  and (~3) preservat ion  of community 
morale by reducing t h e  f e a r  of f loods  i n  t h e  overflow areas .  

11. Current and f u t u r e  needs.--The recommended p r o j e c t  i s  
f e a s i b l e  from an engineering standpoint .  The p ro jec t  improvements 
would provide s u b s t a n t i a l  f lood  p ro tec t ion  t o  (s) lands and 
improvements along Dreamy Draw and Cave Creek, including an 
in tens ive ly  developed urban area  of r e s i d e n t i a l ,  commercial, publ ic ,  
and u t i l i t y  property,  and (?J) proper ty  subjec t  t o  sheet  flow i n  
t h e  lower Deer Valley area. The improvements would a l s o  supply 
f lood  p ro tec t ion  t o  a g r i c u l t u r a l  proper ty  along Skunk Creek, t h e  
New River,  and t h e  Agua F r i a  River and t o  v b a n  proper ty  i n  t h e  
comniunities of Peuria and Avondale on t h e  New and t h e  Agua F r i a  
Rivers,  respect ive ly .  The improvements would a l s o  provide benef i t s  
Prom increased u t i l i z a t i o n  of land f o r  about 1,840 ac res  i n  t h e  
overflow area of Cave Creek. Construction of t h e  improvements would 
permit t h e  development of t h i s  land t o  i t s  f u l l  p o t e n t i a l  by mban- 
.type r e s i d e n t i a l  and commercial property.  



e 12. The project  plan i s  an in tegra l  par t  of the comprehensive 
flood-control plan f o r  t he  Phoenix metropolitan area. The improved 
channels, par t icu la r ly  the  channels i n  the  New and the Agua Pria  
Rivers, would provide a major out le t  f o r  a loca l  storm-drain systtm, 
The project  improvements should meet foreseeable j u s t i f i ab l e  flood- 
control  needs of t h a t  par t  of the Phoenix metropolitan area t ha t  is 
affected by Dreamy Draw, Cave Creek, Skunk Creek, the  New and the 
Agua Fr ia  Rivers, and the small washes between Cave Creek and the 
Agua Fr ia  River. 

13. If the  Central Arizona project  i s  authorized by Congress, 
the  U.S. Bureau of Reclamation would construct an aqueduct across * the  drainage areas under consideration i n  t h i s  report .  Considera- 
t i on  has been given t o  coordinating flood-protection works f o r  
t h a t  aqueduct with flood-control improvements under t he  comprehen- 
s ive plan f o r  the  Phoenix metropolitan area. 

14. Consideration was given t o  inclusion of f i s h ,  wi ldl i fe ,  
and recreat ional  f a c i l i t i e s  a s  pa r t  of the  improvements recommended 
i n  t h i s  report .  However, under present conditions, with water 
supplies l imited t o  t he  natural  flows of the streams under considera- 
t ion ,  storage f o r  water conservation or wai;erpower could not be 
just i f ied.  In  addition, fish-and-wildlife or recreational f a c i l i t i e s  
t h a t  could be developed would be minor and probably could not be 
jus t i f ied  because of t he  low average annual y ie ld  of the streams 
involved and the high evaporation and la rge  i n f i l t r a t i o n  losses  
t h a t  would occur i n  t he  reservoir  areas. Under present conditions, 
recreat ional  development a t  the detention basins probably would be 
l imited t o  land-based recreation,  such a s  day camping, picnicking, 
r iding,  and hiking. Such recreat ional  f a c i l i t i e s  - if desired by 
l o c a l  i n t e r e s t s  - would be so constructed, operated, and maintained 
by loca l  i n t e r e s t s  a s  t o  be compatible with the project  purpose. 
However, the  Granite Reef aqueduct of the  Central Arizona project ,  
proposed by the Bureau of Reclamation, would cross the  New Xjver, 
Skunk Creek, and Cave Creek i n  the  v i c in i ty  of the  proposed dete.:?-- 
t i o n  basins. A de f in i t e  location f o r  t h i s  aqueduct has not been 
determined and a l l  features  of t he  Bureau project  have not been 
firmed. With the  importation of Colorado River water t o  t he  area, 
the  proposed detention basins probably could be adapted f o r  
multiple-purpose use with mutual ad-vantages f o r  the  Central Arizona 
project  aqueduct f a c i l i t i e s ;  f o r  those future  municipal water-supply 
treatment and dj-str ibution f a c i l i t i e s  of the c i t y  of Phoenix tha t  
would be supplied by the Central Arizona project;  f o r  the  recrea- 
t i ona l  plans of the  Maricopa County Parks and Recreation Departmect; 
and f o r  the  fish-and-wildlife f a c i l i t i e s  t o  be developed joint ly  by- 
the  Arizona Game and Fish Department and the U.S. Bureau of Sport 
Fisher ies  and Flildlif e. No detai led studies of fish-.and-wildlif e 
or recreat ional  f a c i l i t i e s  were, therefore, made under present 
water-supply conditions. The addition of such f a c i l i t i e s  would not 
appreciably change the overal l  conclusions of the report .  

i I 
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Modification of t h e  improvements recommended i n  t h i s  r e p o r t  would 
be made i n  t h e  d e f i n i t e - p r o j e c t  s t u d i e s  a f t e r  t h e  Centra l  Arizona 
p r o j e c t  p lans  a r e  firmed, and. upon determination of t h e  economic 
j u s t i f i c a t i o n  of t h e  add i t iona l  f a c i l i t i e s  requi red .  The 
recommended plan  could a l s o  be modified t o  permit some floodflows 
t o  be del ivered  t o  e x i s t i n g  canals  downstream from t h e  improvements 
or t o  water-spreading areas  i f  l o c a l  i n t e r e s t s  d e s i r e  such 
f a c i l i t i e s .  The modificat ion could be made a t  such time a s  des i red  
by using agenci.es of l o c a l  i n t e r e s t s  who would be w i l l i n g  t o  pay 
t h e  added expense. A l l  lands f o r  c o n s t r ~ ~ c t i o n  of improvements 
under t h e  recommended plan  would be supplied by l o c a l  i n t e r e s t s .  
These lands would be administered by l o c a l  i n t e r e s t s  i n  connection 
with t h e i r  operat ion and maintenance of t h e  p ro jec t .  

15. Allocat ion of costs.--The recommended plan would provide 
f o r  a  single-purpose f lood-control  improvement. No a l l o c a t i o n  of 
c o s t s  between purposes would be involved. 

16. Local cooperation.--The terms of l o c a l  cooperation f o r  
t h e  recommended p ro jec t  would provide t h a t ,  p r i o r  t o  cons t ruct ion ,  
l o c a l  i n t e r e s t s  would supply assurances s a t i s f a c t o r y  t o  t h e  
Secre tary  of t h e  Army t h a t  they w i l l  (s) acquire and provide - 
without cos t  t o  t h e  United S t a t e s  - a l l  lands ,  easements, and 
rights-of-way necessary f o r  t h e  cons t ruct ion  and subsequent main- 
tenance and operat ion of t n e  p ro jec t ;  (g) perform - without cos t  * 
t o  t h e  United S t a t e s  - a l l  necessary re loca t ions  of highways, roads,  
br idges ,  and u t i l i t i e s  and a l l  necessary s t r e e t  and highway 
modificat ions requi red  i n  connection with cons t ruct ion  of t h e  
f lood-control  works; (c) hold and save t h e  United S t a t e s  f r e e  from 
any damages due t o  t h e  cons t ruct ion  works; (_d) maintain and operate 
a l l  t h e  works, a f t e r  completion, i n  accordance with r egu la t ions  t o  
be prescribed by t h e  Secre tary  of t h e  Army; (2 )  prevent any 
encroachment upon t h e  improved channels or wi th in  t h e  detention- 
bas in  a reas  t h a t  would reduce t h e i r  flood-carrying capacity;  and 
(2) hold and save t h e  United S t a t e s  f r e e  from a l l  damages a r i s i n g  
r r o n  water-r ights  claims r e s u l t i n g  from construct ion,  maintenance, 
and operat ion of t h e  p ro jec t .  These terms a r e  i n  accordance with 
provisions of f lood-control  law f o r  local -protec t ion  p ro jec t s .  

17. Extent of i n t e r e s t  i n  pro.iect.--Local i n t e r e s t s  d e s i r e  
p ro tec t ion  from f loods  and prevention of r e s u l t a n t  f lood l o s s e s  
along Dreamy Draw, Cave Creek, and Skunk Creek; along t h e  New and 
t h e  Agua F r i a  Rivers;  and along t h e  small washes between Cave Crook 
and t h e  Agua F r i a  River. The in~provements they d e s i r e  would a l s o  

.* 
permit f u l l  development of c e r t a i n  lands wi th in  t h e  overflow area  
and would el iminate in te r rup t ions  t o  highway, i r r i g a t i o n ,  and 
. i r t i l i t y  se rv ices  and t o  normal community a c t i v i t i e s .  Local i n t e r e s t s  
have given assurances of t h e i r  cooperation i n  t h e  projec t .  Their 
i n t e r e s t  i n  flood-prevention improvements i n  t h e  area i s  indica ted  

* 
by t h e  establishment of a  f lood-control  d i s t r i c t  and by t h e  
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formulation and adoption of a comprehensive plan f o r  f lood control  
f o r  t he  entire area. The Cave Creek Dam, upstream from the 
proposed Cave Buttes Dam, was b u i l t  by loca l  i n t e r e s t s  i n  March 1923 
a t  a cost  of $550,000. Local in te res t s ,  t o  June 30, 1963, have 
expended an addit ional amount estimated a t  almost $9,000,000, 
pr incipal ly  i n  Phoenix and the adjacent area, f o r  various flood- 
control  works . 

18. Other plans ~onsi&&.--~ocal  interest,^ a lso requested 
consideration of a multiple-purpose dam providing f o r  water- 
conservation and flood-control storage on the upper New River about 
3 miles north of t he  settlement of New River. However, such a dam 
was not considered i n  d e t a i l  because of the  minor flood-control 
benefi.ts t h a t  would accrue, as  compared with the larger  flood- 
con t ro lbene f i t s  t h a t  would accrue from a detention basin a t  a 
s i t e  fa r ther  downstream. 
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