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UNITED STAT53 
DEPM.pENT OF THE I N T B I O R  

BURFLU OF i t 3CWhTION 
Region 3 

Boulder City, Nevada. 

To : Comrilssioner, Euresu of Reclamstion 

From: Regional Uircctor Y, 

Subject: Plan f o r  the  Iiassaympa Project ,  Arizona. 

Transmi tM 
I 

1. k plan f o r  the  development of the wcter resources of t he  

Hassayanpa f i v e r  i n  Maricopa m d  Y,iv2pili Counties, KriZonl, i s  

present3d herein. The plan for  t he  H~ssa;r;m?o Project  ccnprises 

d e v ~ l o ~ n e n t  of Box Canzrcn Eessrvcir C-I the  Hzsscya3pa River, a 

main c ~ n a l  and d i s t r i bu t ion  s:fst,a t c  serve 7,000 acres of virgin 

land n6er T;i t tmn, ~ r i z o n a ,  2nd e donzstic w t e r  s u ~ p l y  system'to 

serve the farmstecds an6 t'le project  tom.  9ensfit.s a lso w i l l  

accrue f ron flood control7 f i s h  2nd b i l d l i f s  conszrvation, a d  

recrezt  ion. 

Authority for  the  Report 

2. This re7ort  i s  authorized t c  be mrde by v i r tue  of the 

Federal Reclmfition Laws (Act of June 17, 1902, 32 St-t .  38C, 2nd 

ac t s  co,sndatsry thereof o r  supplerr.ent-ry thereto).  

Cooper:.tion a d  ,Lcknowledqm-.nts 

3 Several 2 g ~ n c i e s  :.nu pr iva te  individuals hrvz ooopercted 

i n  the  invest igct ions  le-din): t o  t h i s  report. The Los Angeles 

D i s t r i c t  Officz of the Corps of Engirzcrs, ' 'Zr 3epartsnent, s u p ~ l i e d  



besic data on flood dam?gas. The Fish 2nd ' , - i ldlife Service, the  

National Park Service m d  the Geological Survey, of the  Dep.artrnent 

of t he  In t e r io r ,  coopergted by n k i n g  surveys of f i s h  md  wi ld l i fe  

benefits ,  recreation benef i ts  znd'under?round weter resources, 

respectively.  Of f i c i c l s  of t h e  Office of tine S t l t e  Lcnd Conmis- 

sioner of hrizon:, t he  Xaricopa County '.ater Conservation Di s t r i c t  

?: 
, NoJo. 1, t he  Buckeye I r r i gc t ion  Dis t r ic t ,  the Eooosavelt I r r i gc t ion  

Di s t r i c t ,  the  Gil lespie  L:nd ad. C-ttle Compmy, the So ' l th~~es t  

Cottor. Conipmy, cnd the S z l t  Flive4r 'Jzlley '~-?ter Users' ~ s s o c i a t i o n ,  

suppli.ed basic informztion from t!?eir records. IW. Joseph I!. 1;itt- 

m a n  placed h i s  e n t i r e  f i l e s  on engi:i?earing invzst igct icns  i n  t he  

area e t  t h e  disposal of the  Euraau >f  Eeclm?tion. Xr. 1.I. H. G r i f -  

f i n  0.' T Y t t m m ,  Arizonz, Ecve cenerousli  of h i s  time and suppl ie i  

recor .  s of ?,$cncies preceding the  hriZ0nZ t 'ater Conssrv-tion Dis- 

t r i c t ,  

Descrj pt ion of the  Aroa 

. The Hasscyznpc Xvsr htads i n  the  Prescott  TJational Forest 

a few a i l a s  south of Prescott ,  k r i z m ~ ,  i n  mountlins which r i s e  t, 

e1ev:tions of cbout 8,OCO f e t .  It flows south t o  join t he  Gila 

River ?bout 37 milas west of Phoenix a t  cn e l e v ~ t i o n  of l e s s  t h m  

900 f ~ . &  cbove ~ 6 2  l?vel .  There h;lj: been l i t t l e  developmsnt i n  

the  H'ss~ympz X v e r  bzsin; only 470 zcres zrz under i r r i g l t i o n  and 

there  ?re no storcge developizints f o r  w-tcr conservation, flood 

contrcl ,  hydrodec t r ic  power o r  otner  use-s. 

5. L x d s  proposed for  i r r i g - t l on  cn the  H:sszym?: Proj-ct  

. 
zre  p s r t  of a deser t  pl.lin lying c l s t  of t6e  H?.ssrrymp: Rivw nzcr 



Wittmann, Arizone, a t  an zvercge elevation of 1,700 f ee t  above sea 

level .  These lands a t  p r i sen t  a r e  uscd f o r  range and a s  t h e i r  

carrying capccity i s  v e r j  low, they have a value of only about f ive  - 
dollcr; per  acre. The project  a re3  IS uninhabited. 

6. The climate i s  s imilzr  t o  t hz t  of Phoenix, Arizon-, except 

f o r  s l i g h t l y  10-+rer tenpercturzs and a somewh~t shorter  growing sea- 

1.. son. The cverzge temperclture i s  69 degrtes cnd the  ?-verage frost-  

f r e e  growing period i s  285 days. Aver-ge annual precipi ta t ion i s  

Need f o r  Develoument 

7. Ova- 40,000 t c r e s  of inharent ly  productive lcnd near F ' i t t -  

mann ?.rz undeveloped fo: l ~ c k  of  irrLg;tion larater. Some of  the  1:nd 

could t? i r r i g a t e d  from the :!r?ssaycm?c r iver ,  which h?s an avdmgt 

m u l l  iischarge of elmost 46,000 ac-e-feet ~t Eox Canyon. A t  p r t sen t  - - ~. ~ ~. . - . -- 
t h e  flrvr of t h e  r i v e r  i s  l t r g s l y  dis ; ipated in to  the r i v e r  sands 

below the Box Cayon reservoir  s i t e .  Applicction of t h i s  i~rzt~r t c  

t he  optimum mourlt of l a d  ?.ffords tne  best  method of u t i l i z i n g  

these cndev.?lop~d 'iatsr and l m d  r?s,urces. 

Proposed P l tn  of Development 

8. Developmznt pl-ns providi; f > r  thi. construction of  an e w t h  

and r o c k f i l l  dm on t h e  Hcssaympa River at the  Box Csnyon s i t e  

about 6 miles north of Xickenburg, Arizonc, 27 miles of main canal, 

a l z t c r d  s y s t m  t o  s ~ r v d  a t o t d  ne t  i r r i gzb le  s e a  of 7,OCO acrcs 

near t r i t tmnn ,  and c domestic watcr supply systzm t o  supply the 

projcct  ftrms 2nd a projcct  town (possibly Yittmlnn). Thc t o t a l  

storngs czpacity of t he  reservoir  would be 210,000 c r e - f e e t ,  of 

whict~ 190,000 zcre-feet ~muld  be ~ c t i v s  stor-gt for  i r r i gz t ion  



purposes, 10,000 acre-feet rvould be reserved for  flood control, 

and 10,000 ccre-feet for  s i l t  deposition. Hsservoir ra leasas  

w u l d  bc convcysd f o r  thd f irst  15 tiles through a concrete pipe- - 
l i n e  ts   void ~ x c e s s i v a  l o s s  of w s t i r  i n  t h ~  r i v e r  ch,?nnel. The 

- 
r z m a i ~ n g  12  miles would consis t  of clay-lincd canal. 

b f f l - - p u r p o s e  xspacts of Plan 

2, 
9. I r r i gz t ion  h r l l  be the  p r i m ~ r j  purpose of the pro j tc t ,  but 

it w i l l  z l so  serve c the r  pur?osas. Under the con t~ rnp l~ ted  plzn of 

operztion for  Box Canyon Reservoir, f lood dunages w i l l  be reduced, 
l 

a d  f i s h  and wi ld l i fe  w i l l  b i  conse~vod. Municipzl and famstcad 

water w i l l  be n ~ d e  a v a i l ~ b l o ,  2nd fke a r e s ' s  recri.ationa1 oppor- 

t u n i t i a s  w i l l  bs enhanced, tirough c ther  p r s j i c t  f - c i l i t i c s ,  

h t i c i  ont sd A ~ r i c u l t u r a l  Econcmy -- --- 
1 C .  Pro j+c t  l m d s  a re  i d i a l l y  a u i ted for  devzloum~nt under 

irrig:.tion. Nsarly 98 percent of t t  e  projoct 2ra3 i s  Clzss 1 lan i ,  

accorting t o  Buraau gf Roclzmtion : tandzrds. ?he mild clirr.cts 

&th  c. long gro-&ng sezson p m n i t s  t oublc cropping, ind the  dis- 

t m c e  t o  prinzry mnrkzts i s  not exec-ssiv~. Crop y ie lds  a r e  

expect.cd t o  equd ,  o r  o v a  sxceed t h s e  o b t ~ n e d  i n  the S a l t  River 

Project  2nd gross crop v d u z s  shoulc; Zvercg- sbout $116 XI acre, 

based upon 1939-1944 prices. 

Cost c>f Dcv-lopnznt -- 

11.. Th* cost  of constructing t h e  projsct ,  bzsed on pr iczs  

prevail ing i n  i ipr i l  19G7, i s  cs t imdsd  t o  bs $13,079,000 of wiiich 

the R r a u  of Reclmztion f c l t u re s  w i l l  cost  .$12,9COJ000, 2r.d 

recrer~ t ionz l  f a c i l i t i e s ,  .zs cstim-tud by the N-t iond Pcrk Szrvicz, 

w i l l  cost  5179,000. Estin-tid construction costs  nre itzmized 



a s  follows: 

Box Canyon Dm, and Reservoir 
Nain Canal 
La te ra l  System 
Inv6s t ig~ t ions -md  Surveys 
Operation a d  Haintenmce' L r i n g  

construction 
Eunicipal a d  Fernstdad T!ater Systdm 

Subtotal  - Bureau of 
Reclamction ~ g a t u r e s  

' Recreation F a c i l i t i e s  

Total  Construction Cbst 

Operat:.on ond Knintenace Costs 

1 .  Annual operation a d  mintenance cos t s  a r e  expectzd t o  

averag: $35,400 f o r  i r r i gc t ion  m d  !arnste:d m t e r ,  ;7,400 for  

munici )z l  ?water, cnd 313,GCO f o r  rec reztion o r  a to t21  of $56,600. 

Allocs,ion of Construction Costs 

1 .  Allocations of nonreimbur:ablt costs  arz b-sed on the 

value 3f benef i ts  t h e t  p i l l  cccrue :wzr t h s  50-year rspayment 

period; however, benef i t s  w i l l  z c c n e  throuzhout t h e  l i f e  of the  

project .  The flood control  banefit:; of $11,900 annually for  53 

years, with i n t z r t s t  ct 3 percent, i ~ v ~  a present value of 

6306,030. This mount would be rsq~quirtd t o  purchz-se En m n u d  

incone eq~xcl t o  the  annunl flood cor~t ro l  benefits ,  ~ n d  therefore  

i s  the mount of investment rrarrmttd by the mticip'ted mr,ual 

flood control  benefits .  Thz prcsent, value of s2E,200 of annual 

recreetion b a e f i t s  i s  $725,000, 2nd of +18,000 mnual f i s h  md 

wi ld l i fc  benef i t s  i s  j463,000, mcking 2 t o t d  of  j1,1~94,000 r l l o -  

cated t o  nonrt.imburseb1e fectures.  



3.4. Reixbursabla cos t s  u s  al loceted on the premise thc t  the 

cost  incurred i n  constivcting works f o r  c: reimbursable fes ture  

should be ch3rgeable t o  t h r t  feztun-.. The cost  of constructing .. 
works for  municipal water h:s b ~ e n  2stin:ted ct  ~185,000, md t h i 3  

mount i s  alloc-ted theroto. Since i r r i g ~ t i o n ,  including fr.rm- 

stead +c.ter sup2ly, i s  the only remzining function servsd by the 

1 
project ,  t he  bzlcnce o f ' t h a  t6t;l of $13,079,000, which cxounts t o  

i$l1,400,MM, i s  dloc2te . l  t o  irrig,..i:.ion ?ad fzmstcad water. The 

t o t a l  mount of reinbursable constniction cost ,  then, i s  411,585,')OO. 
I 

Repns~~ent Abi l i ty  

15.  Reimbursable construction cos t s  21-2 ih-rged to  m i c i p a : .  

= t e r  md  t o  i r r i g ~ t i o n ,  including :zrmstend iictir. It i s  an t ic i . .  

pzted th- t  thz  cost  of 3185,300 for  providing the xunicipcl  supplr 

w i l l  t a  sscured by a repcymcnt c o n t z c t  bcfore construction, 2nd 

tha t  i t  w i l l  be repzid i n  f u l l ,  Ti12 rep-psn t  2b i l i t y  of tha irr.- 

gcrtor: r c s  datemined by p r e p r i n g  '.2 fanr. budg;,ts, using a s  3 , 
guide the reported cropping systems, y i s lds  a d  prices or, t h e  S d ,  

Xi-rtir Project  during t h e  period 193'!-L4. Thsse s tudies  indicztcd 

thz t  l,hs i r r i g c t o r s  could r-asoncbl;: be exp~c ted  t o  repcy ,610.50 

per acre a y,-r on construction, ,~hLch x o u n t s  t 3  ,,73,500 ilr?nuzll:i 

f o r  c 7,000 acre p ro j l c t ,  ..nd t o  j)2,9$0,000 ciuring tho u s u - l  40- 

yesr i n t s r ~ s t - f r e e  r q q n - n t  pdricd. The to t31  ;~pi;cted r s p ~ p c n t  

i s  thcs  p l a c ~ d  2 t  33,125,000. 

Comu~rison of Costs 2nd Rep??p.ent 

16. A to t21  rr.pzyrr.int of .J,125,C00 on the riimburs-bli con.- 

s t ruc t ion  cos t s  of 411,585,000 indir:ztcs n-repqmznt of 27 p ~ r c c n t .  



Camp-rison of Bsncfits  2nd Costs 

17. Overd.1 m u d  b tnd f i t s  Irk ddtmnindd s s  follo-ds: 

in gross crop vclue 2nd the  s d c  valui: of domestic - t~r ,  ths t o t a l  

i s  $626,600; the  benufit of &+,6CO f o r  municipzl w-tor r s p r ~ s e n t s  

the  salt vzlue of thu  w:tb.r; t h j  beni;fib t o  f lood control  i s  the  

rsduction of f lood d m g i s  due t o  p ro j sc t  construction, which i s  

$11,90C; t h i  b ~ n i f i t  t o  recrcction,  228,200, end t o  f i s h  x d  wild- 

l i f e  ccnservztion, j18,000, r s p r ~ s p n t s  the monit:ry v-lud cssign- 

eble  t c  p ro j sc t  dzvc1opm;nt. m u c l  rnonst?.ry bbinbfits t o t n l  

$699,3CO. 

1 E .  m u d  c c s t s  inciudd the  c c s t  of oger::tine'md naintsin- 

i n g  thc p r o j ~ c t  works, ;stin;:Ld z t  .56,600; znd thi. cost  of -;nor- 

t i z i n g  t h -  a t i r e  i n ~ c s t r n ~ n t  i n  50 y 3rs a t  3 p ~ r c e n t  i n t c r ~ s t ,  

which i s  "501,400 f o r  the Bur-cu of i c c l ~ m t i o n  fe2tur:s :nd 

j7,000 for thz  N~t. isn-1 Park S ~ r v i c i :  f ~ z t u r ~ s .  T o t 5  mnucl  cos t s ,  

t h t r e f c  re, z r e  ;;565,000. 

15. A conp?.rison of o v z r d l  btir;.fits 2nd costs shovrs t hz t  fo:. 

e-ch dc l l - r  e-upnded f o r  the  project  the  nztion w i l l  receive i1.59 

of rnonetcry benefits .  I n  rddit ion,  rlmsrous ink-ngiblc b c n ~ f i t s  

would t s  resl ized.  

i l t lnt ionship of Aria t o  Co13rldo AU~o;r B-sin 

2C. Thc Kassayapz Project i s  i n  the  11Lovicr B^_six?ll of t,he 

Color-do .Xvi.r a d  i s  on i  of 134 potent i21 proj,:cts p r i s sn t sd  for  

c o n s i d x ~ t i o n  by the  .- .ffcct .~d St?tus  i n  the  rcport ,  Th;. Co1or:do 

Riveru, issukd by t i c  SecrGtc.ry of the  I n t ~ r i o r  i n  ?Lrch 1946. 



Pcrtincnt excerpts frcm th? r,commend:tions cont-incd i n  t h s t  report  - - ' - 1  
follow: 

"The following rucomm:ndctions e r e  m-de i n  view of 
t he  f ~ c t  t h c t  tfierc i s  no t  tnough va te r  ~ v a i l z b l e  i n  t he  
Colorzdo L3.iv;r systam t o  pli.nit construction of 111 the 
po tan t iA  p r o j c c t . ~  outl ined i n  t h ~  rcport  cnd f o r  f u l l  
expansion of ex is t in?  and ~ u t h o r i z e d  projects,  md th2.t 
th - re  has not  been c f i n a l  dcteminct ion of the  r ~ s p e c t i v e  
r i g h t s  of t he  Colorzdo :iiv-;r B,?sin St..tas t o  d c p l ~ t e  the  
flow of the  Colorzdo a v e r ;  

3 

(1) Th-t the St2tes  of the  Colorldo .9 iv~r  Dzsin 
cc t ing  s e p w ~ t o l y  o r  jointly,  r~com.6nd f o r  con- 
s$ruction, c s  thc n ~ x t .  s t .  ge of dzvelopn~nt,  3 

group of projects  the  t t r z m  flow d c p l ~ t i o n s  of 
which w i l l  z s s u r ~ d l y '  f t l l  within u l t i m t c  2.llo- 
cations of Colorado Ri rs r  u . - , t ~ r  which mzy be nrde 
t o  t h e  ind.ividuz1 S t z t ~ s .  

(2) Thnt t h e  Stctds  0 : ' t h i  Colorl-do Rivzr Bcsin 
de ta r r inc  t h c i r  resp tc+ivc  r i g h t s  t o  dzplcts the 
flow of thb Colorcdo E v e r  cons is t in t  brith the 
Color-do %vzr Com~)-ct, 11 

21. Possible doplation of inf lcw t o  the Colorado S v i r  throu:h 

constn c t ion  of  the H:sscy~zpa Project  h rs  n o t  beun det~l7ninod. I: 

hzs bet n d e t a z i n s d ,  ho~,rever, t h - t  t l  e  x n u a l  consumptive use of 

lands : r r i gz t ed  by t h e  p m j c c t  would ba cbout 22,700 acre-feet ?nZ 

t hn t  tl:s m u d  evcporetion lo s s  frol ,  Box Cm:.on Reservoir iyould 

nverngl zbout .?cr<-feet. 

Conelu: i cns  

2 Construction of Box Cayon Lteserwir m d  r ~ l n t e d  fo2tures 

would r1a.k~ i t  possiblz t o  irr ig: . ts .7,000 2cAs of virgin 1:nd nccr 

8' 
b ' i t t m x i n ,  ,rizona. The lcnd i s  well cd:pted t o  i r r i g ~ t i o n  develop- 

mdnt; r h o s t  98 percent of t he  project  a r m  i s  Class 1 l m d  2nd tha 

f a v o r c l ~ l ~  climate a l l obs  3 long gro:.rlng sccson. "Jrcell6nt crop 

y i e lds  -re mticipp-tcd thc  fznr,i.rsf rsp-ymcrit a b i l i t  rmuld be 



r e l a t i v ~ l y  high. Unfortunc.tcly, because of t h s  nuccssity of pm- 

viding ctrry-ovcr storzgs f o r  saxtdnded drouth p ~ r i o d s  and of con- 

vcying w c t ~ r  ovsr the  d ig f i cu l t  t u r r a i n  between the dam cnd the 

projcct   re, tha  cos t  of d e v ~ l o p m ~ n t  per  Lcre i s  sxcetdingly high. 

Repzymcnt s tudies  indiccte  t h t t  the  i r r i g c t o r s  w i l l  not be zble t o  

repay dl of t he  costs  ,?llocatdd t o  i r r i gz t ion  -nd f a m s t i a d  water. 

23. The p l m  proposed hhi-rain has engineering f ez s ib i l i t y ,  i n  

t he  sense t h l t  therc  crc: no insupar~klc:  physical obstcclss t o  i t s  . , 
c o n s t r ~ c t i o n .  From thc  n-t icnal viei;point, t h e  p l a  h ~ s  economic 

f e a s i b i l i t y  c s  i n  b d c f i t s  would accrua f o r  ezch dol lc r  of 

cost. From a f i n ~ n c i c l  repqment vicwpoint, however, the pro jec t  

i s  not 2 t t r c c t i v ~  b ~ c a u s e  only 27 pi rcsn t  of thc reimburs-blt con- 

s t ruc t i sn  costs  c x  be r ~ p s d .  

Recomm~ ndctions 

2 f .  It i s  recormcnded tha t :  

(1)  Construction of the  H:ssaympc Proj-ct 

f o r  irrig:.tion, flood cont l s l ,  d ~ m < ~ s t i c  and 

municipal w c t ~ r  supply, r j c  r ~ a t i o n ,  :nd f i s h  

2nd wi ld l i fe  pmpzg-tion b, not authorized a t  

t h i s  time; 

(2 )  Further c o n s i d i r ~ t i o n  of  cuthrr izat ion be 

deferred u n t i l  such t i n e  a: the  economic ne-d of 

t he  Nztior., lower construe: ion costs, fu r ther  

infomzt%cn on thc  r.-oji-t,  o r  o % h c  develop- 

mcnts m y  juztify s ~ ? ? .  recr:,nsidir-tion; c.n6, 



( 3 )  The opmation of the  gzging s tz t ions  2t 

a x  Cmyon a ~ d  l~ lor~ is town be continued by the 

Geologiccl 3&v~y.  

22 

E, A. ICaritz, 
Regional Director, Rsgion 3, 

Sursau of Reclamtion. .. 



Physical Geo~rauhy - 
From i ts  headvmter; i n  t h e  Prescntt  National Forest, a few miles 

south of  Prescott,  Lrizona, the  Hassayanpa River flows south t o  join 

t h e  Gila  River about 37 miles west of Phoenix. Elevations i n  t h e  

r i v e r  basin range from about f e e t  a t  t he  head t o  l e s s  than 900 

f e e t  a t  t he  mouth, Storms of high i n t e n s i t y  are  intercepted bp the  

high countains, causing nmerous f l m h  floods during thy summer nonths, I 
but t k e  greater  p a r t  of t h e  an?.& :=off occurs during the sprin,;  

flood: which a re  caused by r a in  or  ! lel t ing snow.in t he  higher reat.hes, 
- i 

of t h e  watershed. 

\ Forty thousand acres of virgin lands around liittmann inv i t e  
', 

i 
. I  

develcpment through i r r iga t ion .  Th: small area for  which adequat ? 

water is avai lable  i s  about four miies west of Wittmann and 36 mi'.es 
\ 

northvest of Phoenix. It l i e s  i n  t le seni t ropical  a rea  of krizon.: 

a t  an elevation of a b u t  1,700 f e e t ,  bounded by the  Eieroglyphic 

Mountgins on t h e  north and the  \ h i t  3 Tank i,lountains on the  south. 

I n  general, t he  c l i na t e  of the  project  area  i s  s imilar  t o  t h ~ t  

of thr: S a l t  River Project  near Phoelix. Compared with the l a t t e r ,  

tenyeratures are  s l i gh t ly  lower, r a i ? f a l l  i s  a f a r  inches Gore, a ld  

t h e  growing season some~qhat shorter; sumer  l iving conditions a r e  

s l i g h t . 1 ~  more comfortabl-e . 
Continuous p r e c i p i ~ a t i o n  records from 1923 to date  and con- 

t i ~ u o u s  temperature reccrds fwn 1930 to  da t e  are  avai iable  for  t he  

United S ta t e s  ;leather Dureall s ta t ion  a t  !;ittmarn. From t h e  beginning 



of t h e  records through 1945, t h e  annual preci?i ta t ion averaged 9.85 

inches of which 7.72 inch% f e l l  during t h e  nonths of February through 

November; temperatures yar'5ed from a maximum of 117 degrees (Fahren- 

h e i t )  t o  a minhum or' 1 5  degrees; ' the  annual temperature average< 

69 degrees; and t h e  average frost-free period was 265 days (February 

26 - December B),  The average frost- f ree  period ranged from a low 
7, 

of 227 days in  193E t o  a high of 341 days i n  19W. 

S e t t l m e n t  . 
'In t he  Hassayampa Xiver E a s p  there  has been l i t t l e  sett len~cnt,  

and tile p ro jec t  area  it se l f  i s  unir habited. IJittmsnn and Ilorrisl own, 

t h e  nsares t  t oms ,  have population: estimated a t  25 and 100 r e q c -  

tiveljr. Their s t a t i c  po?ulations ( ont ras t  sharply with t he  trenc 

in tl.2 c i t y  of Phoenix and in i:ari~ opa Comty a s  a whole, where 1 he 

devel3prnent of i r r i g a t i o n  pro jec t s ,  a l l i e d  industries,  and whte: .  

vacation f a c i l i t i e s ,  in the  S a l t  R..ver Valley have caused a tres. n- 

dous growth a s  shown belov:: 

Year - Xaricoi la Countv 

1920 89, ~ 7 6  

1930 150,270 

1940 186,193 

1946 &/ 275,100 

Local Industry -- 
There i s  p rac t i ca l ly  no ir.6uscrial development in the area 

Phoenix -- 
29,053 

1*8,U8 

64,414 

90,000 

. . 
surrounding t h e  project .  Residents of !Littmann and ~lorriskob.m derive 

1/ Zstimated by Valley National Bank, Phbsnix, Arizona. 



some income f r o m  t o u r i s t  t r a v e l  and t h e  maintenance departments of " - I 
t h e  bightmy q d  railroad. 

Ample transportatio_n facilities are  available t o  t h e  2roject  

via Xittmann, t h e  nearest  ship2ini  point. A brzrch l i n e  of t he  

Atchison, Topelca and Santa Fe Railvray, and t h s  combined, paved high- 

*my, U. S. 60, 70, 2nd 89, afford d i r e c t  cornections t o  Phoenix, 
2, 

36 n i l e s  t o  t h e  southeast, an& Los Angeles, 350 miles t o  t h e  west. 

Transcontinental truck, bus, end a i r  l ines ,  and. t h e  main l i n e  of 
* 

t he  Stuthern Facif ic  Railroad, pass through Phoenix. Telephone, 
I 

teleg?.zph, 2nd e l e c t r i c  power services are  available in t h e  tarns 

near t.he project  area. 

1:stablished cooperative orgai i :  a t ions  a t  Phoenix servd marke.;s 

such i.s Los h g e l e s ,  Zhicaga a d  ::a- York* h m r k e t  f o r  eggs a d  

d a i r y  pmducts ex i s t s  i i ~  Phoeni:; a r c  nearby toms .  

Water Uses 

Iiirst a t t ezp t s  a t  u t i l i z i n c  Ha: sayampa River i:aters were i n i -  

t ia ter l  i n  lZCi3 t o  fc-rnish water and ?over f o r  ~ l c c e r  mining opcrt- 

t i o n s ,  The !!alnut Grove \lal,er Stor, ,ge Cozpany, orgailized ir 1E86, 

b u i l t  t h e  >lalnut Grove D a m  on the  F;.ssaym.pa near \ia?;onsr. This 

dam, ,a r o c k f i l l  s t r u c t u r e  110 f e e t  I:igh, formed a reser-mir of 

10,001) acre-feet capacity. In Febi-1.m-y 1890, ber^orc t he  spill>-ay 

tias coapleted, an exkreaely high m l o f f  resultfn,- from ntl t irrg 

snow caused f a i l u r e  of t h e  dun, and. 129 peo;le l o s t  t h e i r  l i v e s  

i n  th.? flood. 

The coqzny went i n to  t he  hand; of receivers, a d  i n  >me 1908 

a l l  of i t s  a s s ~ t s  were transferred t o  :irs. Lleanor C. !:ittr:mi of 



New York by a Kcster Connissioner's De-d, I n  1910 1.irs. Yittnann 

eizployed engineers t o  rape* on t h e  f e a s i b i l i t y  of using t h e  waters 

of t h e  : 4 a s s r y q a  River-for power and i r r igat ion,  2nd on January 1, 

1914, she f i l e d  an application t o  'kithdraw 17,600 acres  of land azcr  

Morristom t o  be i r r i g e t e d  from t h i s  strsun. b.;ithdrc~ral wis ~ f f x t e d  

on Apr i l  U, 1916. 
?., 

During t h e  ensuing years  various atternpts at forraring an irri- 

gztion p r o j ~ c t  were m,zde by t h e  :litt~ii;nn i n t e r ~ s t s  and the Nadaburg 
" 

I r r i gc t ion  D i s t r i c t  (now cal led the Arizona Xater Consemtion Dij- 

t r i c t ;  . Proposed plans were sub.nit t ed t o  t h e  2eccnstruction Finc:lce 

Corpolztion and t h e  Fublic \lorl.<s kdcinis t ra t ion f o r  financing, bu; 

negoti z t ions  werc not s u ~ c c s ~ f u l .  i.11 appl ic l t ions  f o r  rights-of- 

way o7 e r  Govc;nunc;nt l a d  h ~ v u  bozn f t e n d e d  a t  d i f fe ren t  times 

a r e  nuw subject  t o  closurc. 

Outside the  p r o j ~ c t  boundmiss 470 acres i n  smll sczttered 

t rac t . ;  a r e  now i r r ig - tcd  f ron  t'ne II:.sacyrmpl 3iver. listers of thz  

r i v e r  r r e  used by t h e  t o m  of :licke~,.burg (populction 1043), -ltrllic!: 

has p~lr~pcpcd i t s  doin~s t ic  s u p ~ l y  f ron  a vrell nezr t b ~  r i v e r  f o r  ximy 

years,  

,> .he nearest  devslopod i r r i g a t i ~ i n  project  of m y  s i ze  i s  t ha t  of 

t h e  1.f-ricopz County I~iunici?d :!rter Conservztion D i s t r i c t  No. 1 

(Eeardsley Project)  comprising rbouC 26,COO acrcs i r r i gc t ed  by d i r ec t  

flow .from t h e  Agua F r i a  River, supp:Lementcd by s tor lgc  in Lckt: Flea- 

s a t ,  a d  by pumping fron ground wz;er., T"G kguc Fr ia  i s  a t r ibu-  

t a r y  of  t he  Gila River m d  enters  t h a t  streem above the  t;.nsscy",?a 

River. 



There a r e  no s torag i  devdoprients f o r  flood control, hyd~0-  

e l e c t r i c  poxer, r e c r e ~ t i o n  o r  f i s h  ad ; r i l a l i fe  cons~rva t ion  in 

t h c  Rcsszympz h ive r  brsin,  H a v y  rcim on melting snoxr of ten 

ca7.ase f l m d  p ~ a k s  vhich cau?e dm"ge, p:.~.ticu'lcrly a t  VTic!c~nhilrg 

and at the  m u t h  of  t he  r%v.vijr, 

Agdcul-tya- 
'I 

The projact  aroa i s  a typ ica l  Arizonz riestrt regio,l u t i l i z e d  

only t o  a l d s i t c d  e:&ont for  gi-azing of livestock. A s n d l  e q a r i -  . 
mentd t e s t  ? l o t  a t  ;rLtC,%n~, irrj.i:trd froxi a deep -,;ell, has demn- 

s t r z t c  l t'n2.t 'all crops gi-ov:~ i n  t he  3aLt R i v ~ r  V?lley mar bo wcc~:ss- 

f u l l y  produced. 

Tht. mst ixporta t  i r r i g a t i c n  c e w l o ~ ~ ~ n t  i n  tho  r z ~ i o n  i s  t?ie 

S r l t  I i v e r  Fro j u c t  r~rrc.m.c!ing the  I it,y of ?::oanix. l.ccording t o  

t h e  3,:lreau of Reclz-mt'on 17$5 Cro? 3oport for  t k i s  pro j ~ c t ,  

214,3r,6 acres ill 13,067 f c m s  a re  i: r i ~ z t c d ,  i la tar  f a r  i r r i ~ l t i o l  

i s  o'c',ainod from t!ic c o n t ~ L I . ~ d  fl01.s of the  Sa l t  a d  Vcde F,i-:cr3 

md  m~pple-tented by gro'w.d i icter ptulp~d f rox  abou% 2@0 :rolls. G 1 1 -  

m t i c  conditions a r e  conducive t o  g-o~,;ing of cereals, hay 2nd for lge  

crops, vegettbles arrd t r ~ c k ~  f r u i t  nd  nuts, md  cotton. I;z l?L5 

t h c  f-m population of t he  orojdct  . .c5cl l td  41,6CO a d  t i i r t  of tc,,ns 

on o r  nscr  t he  p-oject  to tc lbd  l?l,!CCJ. Cro?s irorth .;32,277,161 

wore ?roduccd i n  l9!+j,  ;n cvir-gc o l  j1&3,86 f o r  i ~ c h  acre cu14,i- 

vtted. Tho pro j -c t  Fs ini i iczt ivs  of t h e  c,grj.cLii.%urd dcvilcpm~ct 

made poss i j lo  throu;:~ thi i r r ig~tLo.o? of l u s c r t  l a d s  such a s  those 

of t h e  potential H?ss~:=T')~ ?ro jLc t  crb& 



The livestock infiustry i s  of minor i i i o r t m c e  in the Eassa;-zc. 

p ro jec t  ,:.reo. at present. In t h e  surrounding Lrea, !~olor.revcr, l i v ~ s t o c k  

opi rc t ions  c.rra import?nt, p c t i c u l r r l y  on t h a  2d.t  Rivdr Trn j~c l ;  - 
whkre t,he invLmtorr v a u e  of li3recto ck during t'n:: pcrioci 1939-.17!,A 

a v L r q e d  over ,5,500,000. Nenrl;r 80 percent of t h i s  v d u ~  %:~s 

accounted f o r  by d ~ i i y  a d  bcef c?.ttle. 

Ownorship cf i :cssrysqa h j L c t  lands i s  vastud i n  s ?v~n te ,n  

ownera inc1uc;ing t h e  Unittd St:.tt=s XI& t h e  :?t:.ts of ricon-; c l . x s i -  

f i co t ion  of o:.n~rsb.ip i s  zs follows: ' 
I 

U n i t d  xc%es 3,7&: acrcs 

Total  L' 

C ~ r r e l z t i o n  of t h e  or,mersbip i:ch t h e  k n d  clr.ssif :cll,ion 

r e s u l t s  (See i i?~zndix C-) rev tc l s  th:.t s ~ o n  o:mms, r;3:cludirz t h e  

United S t r t e s  c d .  t'r,c St:t.t,- of i~ri"u( nr ,  kzv- l,G96 rcrus  i? cxcbsr 

of 16C ccros of i r r i gcb l ;  l:nd e-c'n. o r  u . 6  7 u r c ~ r . t  of thc  p i o j ~ t  t 

W C r .  

f m j c c t  l a d s  i n  their p r ~ s s n t  ucde-~zlopod s t c t c  r r c  u t i l i zc t ,  

t o  o ninor sirtz?.t f o r  gr:zi?g in %1;3 ~ z r l y  ;zrt of t h e  yccr m& 

havt. :. v q r  s~1zI.l +anling ccp-cit3-. Thuir vr24c 2.v;rzg~s only 

about $5.00 p6r ccre. Irri2c.tLd 1lrlids on nirrby ?rojs&i:cs :.re 

valu-15 ct from ::;50 t o  '.250 o r  m r e  2 i . r  xr i ,  vrq.cI?g ~ i t h  con2iticlns 

Includes 2.11 l x d  %<thin tht .  ?m j t c t  boundcry; it includus 
a s n d l  ,?crx.gz 01 non--r-klL l -~ id ,  



'I 

within t h e  projects, xssessed vdlustions in l i ~ r i c o p ~  Couxty, a b u t  - 
30 percent of a d  t r u e  vcue ,  average cbout : 5 5  rn scre  a d  

hprovendnts &out , I5 ;;1 acrz, 

E c 9 c o ~ Q ~  Conditions ------ 
The p r o j ~ c t  men is min\cbi tsd,  During tho  dcpr-ss ionthu 

relid lo& in 1.i~ricopc County tics h x q r ,  cr.d thcrc: r.:er@ 8dvLral " 

trorks Progross i ' .&znis t r r . t i a  ccscs i n  lli'ttvam. 

now przc t ic - l ly  211 l o s t  in th-  scpdy '0-d of t he  ii:ssc.grc;r?a, a d  

d i e  r o  contribution t o  t b e  2 r ~ a  p:ol~;ctivity. :+ f c:! miles 

- pro6uctivd l x d  cwzits &&wlop?~;nt t y irrig:.tion. .'.t Eox C2.n:mn 

t h e r e  i s  G d m  s i t e  ?:here c c ' , n  coul t  bz const.ructed t o  ii;?ou?d 

suf?ic:ien% vr:.t-.r t o  i;ri7i~;t3 7,(100 : ~ i . 2 ~  of t h i z  l m d o  

(;colo@cal conciitions in&ic t tu  t he  p o s s i b i l i t y  of o i l  biay- 

ing  si.rc.ta S ~ ~ i d ~ t h  pa r t  of th- pro:. c t  cr-a. 3urinf thz  psrioz 

F&ru::ry % h r o u ~ h  Ju ly  1946, c t o t d  of 34 z~p,Fl;cctions f o r  1 ~ c s e  

of oi:. r i g h t s  on Govmn~~;llt proper+,:- v t ro  appro.;-d b:r thu Ekrczu 

of Rc~:ic+,;tion. Sav;-r?J r;ci:.s !;Lv.; bccn 6rill.;d 53 t h e  v i c i n i t y  

of th.2 pain c m d  loc:.tion but no si:r;kos ht.7,~ bz,n 'c-,firt~d, 

.. iio undcviloprd ticlbrr, rrincrzl o r  i301,;dr j i t c  rdsources hzve 

b u n  ~iiocou.;.rui. 



necessar i ly  ba expensive becauce of t h e  unu3udlg l x g o  x o m t  o f  

holdover storage required f o r  even a comp~rat ivaly s n d l  c c r d g ~  

of land. Fuqb.g ground;tr;ter f o r  i r ~ i g z t i o n  is  i a3 rac t i cc l  bocausa 

of tile ,high l i f t s  (about 4CO f c s t j  required. 

PLZN OF D3ELCP,Z:ll' 

Tho Projuct P1m 
'! 

The p1c.n oT dovc1o?i~,nt i s  t o  construct 30:: Canyon liusirvoir, 

(? =ain cmd.  a d  l?.tsrd s;-stem, s,d z donestic wc.tt;r sv.pp-ily s y s t ~ n .  . 
Froj-ct a d s  ' I 

Lcnds 7roposa6 f o r  i r ~ i ~ z t i o i l  t:)t,d 7,50G ~ C I C S ,  o r  7,OM 

cci-cs r e t  a f t e r  dod.uct,isns t o  covcr :.ights.-of-::oy md f m s t a c d s .  

Thdy a rc  rroll su i ted  :or i r r i gc t i4n ;  ~ p p o ; i i i a t ~ l y  96 ybrcbn5 of 

tho  arc?. i s  C1-ss  1 1x5  cccoding  t , 4 ~ r ~ 2 u  of 3i?clmccion stcnd- 

ards. 

Svrfcce s o i i s  a r s  a l i g h t  b r o m  o r  ridi';ish.-3~o:m smdjr l o ~ a  

t o  h k s ~ y  s i l t  l oa i ,  ;- i tha- noncclc:rious o r  0d.y s l i gh t ly  cLlccr- 

eous or only sli.g:itly c ~ c a r e o u s .  Slbsoi ls  2r; cclcaroous, dvJl- 

rod o r  reddish-bro:~ smdy lorii i z  t l e  upp~Jr l r -yzs ,  b:co?Lz~ 

hecvier. :xd r a r e  cslcaraous i n  thu d x ~ e r  lcyzrs. The s o i l s  sr2 

rel~.tix-el:,r f r e e  of s o l ~ b l o  s a t  s m d  c r l   lot hi$ly ~ l l l ~ l i r v .  

T k  ~ r e z  consis ts  p r inc r i l y  of : lcrg-, g ~ r . t l y  slspixg zllu- 

from 15  t o  30 r o ~ t  por r i l o  i n  a s o u t . h i a s t ~ r l y  dircct ian.  3x.11 

,. rock fr-.g.i;nts c r ~  scr.tt~rc:', or, t he  sv.rfcce i n  plcces, v d y  a 



moderate &?iaunt of l e v o l h g  ?ri l l  be required t o  prbp,zre t he  l m d  f o r  

So i l  znd tonogrcphic cont i t ions  a?e indicat ive of fevorzble 
* 

drziilar,, both surface md  bternal, under i r r igz t ion .  T ~ G  g ~ n e r c l  

slopa md nc tura l  drcincge ch?n?els provide s c t i s f ~ c t o r y  surface 

m o f f ;  su'-isur?acc drein$.gi! i s  good, orring t o  t h e  open pdm&cciblc: 

nzture  of t h e  su5soils. Th~rd l  -re no poorly drained areas  in t h e  

p m j s t  c t  present, -nd it is  not corlside-ertd ~ a c ~ s s : r y  t o  provide 

a draircgc system. 

Wat tr i hpo l~ r  - 

S',~rplus flo.;:~ o: t:lu !3a~ sa;-x,p: Z i v ~ r  would be c o n s ~ m ~ ~ d  a d  

devclopid t o  pre153e c i.z,tr.r sv.p?L~ f o r  t h c  proj5ct. Groucd r :c t~r  

benLcCt'l t h c  pro jec t  1 . 2 ~ ~ 3 ~  i s  ct suck p2.t d ~ p t h s  t:lat puqhg for 

i r r ig2 ; ion  i s  ~ . ~ p ~ c ~ c t i c z b l ~ .  

r7 1 la  v.awt;-.i.ns sux-o~siding t h ;  1.pper p?rt of th-. H;..ssz7z!~:>e 

River 3:.sin, 2nd  pc&irul?.rQr those clo.ng t h e  ecs t r rn  rim, crG the 

most c i c s t ~ r l y  of t h e  high :;lorai,cins in south-ce~titrel lirizonc, Tk: S 

h i ~ h  rage in tn tcep ts  storms fro= t1;c Cz.lifcmic area, c a ~ s i n g  ?.i::h:r 

p rec i r i t a t i on  i;ithir, t ho  Ec~sa;.ca~c bcsin than ugon c d j a c ~ r t  dmi! 2gc 

basi?:. Storms of b i ~ h  i n t i n s i t ?  oli thc d r - i n c p  a r - a  oft,-n ~ L E : L ~  

i n  fl:.sh floods 6.uying tho  SUZL-~G~ ~ o n t h s ,  LiurLn~ th-  ~..&ntGr, hcc-ry 

f d l s  of wow cnc! '2ia p r o d u e  cons i .d~r ,%bl~  mn-off, hut sstl6cm of  

long c~urati;n. Yhc grr.ztcr pz r t  .of t k c  p a r ' s  runoff ccmi.s in t h j  

f o m  of spring floods, r::uch usucllg- occur a f t e r  a raja has f l i l i ;>  

on t h ~  snow in YIc: h i g h ~ r  rwcchcs of th; wctershed. 

1 3 ,  Th-ci clcsscs of ; r a t ~ r ~ ; . i g h t s  ere r ~ c o s n i z ~ d  in 

Arizonc: 



1. Rights vested p r io r  t o  t h e  a d o ~ t i o a  of t h e  ::atcr CoCe 
i q  1919; 

2, Appropriations initj.;t,+d under and in complia?ce ~ L t h  
lawe ehs t ing-  a t  t h e  -cine of t h e  i n i t i a t i on  of appro- 
pr ia t ion  ud~ere t h e  a72ropriztors h v e ,  i? good i ~ i t h  
and i n  c o > ~ ; ~ l i o c e  with 1%:~ then e~ s t ing,  cou.~ecced 
t h e  coastmction o f  -,.arks f o r  t h e  a?plicatior, of t h e  
water zo appmpribte6 t o  a benef ic ia l  use 2nd Yross- 
cuted such >;ark d;lfgeni;l;r m d  C ~ n t i n * U ~ ~ s l ~ ;  and 

The Arizona s t a t e  colli-ts ham :'elcl t h a t ,  m d e r  e:&sting 12:s, 

psrcols.ting subterrmean r*rztors a d  pot a b j e c t  t o  a p ~ r o p r i a t ~ i o ~ i ,  
I 

unlezrs i t  c6n be deflaite1:T a d  conclusively shmm t h a t  t h e  s ~ ~ b . .  

t e r ~ a n e a n  s t r e v  i s  sub:ect t o  a>.~ropriatlon uirler t h e  - m e  ~ 1 1 :  

as surface stre.11~; u.d t 5 a t  p w ~ ~ d w ~ t e r s  pot i n  we21 defined 

chernels a r e  t h e  ?m?erky cf t h e  ,wner o i  tb.e land under which 

the3 a re  folmd, Zec??t decisions have, ko~~eve r ,  gtven s u z o r t  

t o  t h e  d o c t r i i e  of correla5ive ri;ht.s of o:ne~-s of h d  o-.rerlj;- 

ing  t h e  sane grounciireter bas i l .  

t h e  present tLne, t h e r e  ace L7O acres  of lanes i r r i g a t e 1  

fror. t he  I!assa:iaai;p , h e r  acd t h c i e  l a n l s  h&ve w ~ t e r  r ighLs  thr3ugh 

usai;e p r for  t o  t h s  adoption of  t ke  S t a t e  '!&t.zr C0t.e i n  1?!.9, i.bs~rt 

260 acres  l i e  akove Zox C?n:.on Sacsite, znd ; t i l l  not a f f ec t  o r  be 

afftacted by project  dcveloyzent. The r e ~ d i n i n g  190 acres  beiblr. 

t h e  d m s i t e  v d l l  havz t o  bz consljie~ed i n  t h e  pmjeilt pl'i"., a s  

% r i l : L  t h e  t o m  of !;ic;;enm.rg l.ii~Lc? has p u i e d  i t s  i.etcr E U ~ ) ? ~ Y  

f rox  a ;<ell cear  t he  r i ve r  I'or naly j-ears. 

Five a?piications hav3 beer. imde t o  t he  State :.ater Ccni- 

l ~ i s s i o o e r  f o r  irzter r ight pernit5 on ti~e,i!csslyaqpa Fivcr sktca 

t he  1919 Later  Code was ~ a s s e d ,  Permits issusd on three  of t h e  



appl icat ions  h?.ve nmr lcpsed. 

Downs:,sead Rights: The Hassayampa River joins t h e  Gila  Hivcr 
v 

some 60 n i l e s  below thz  - Eox Cayon D m  site. A l l  flows of tine 

HassaJampa, except thase  of t h e  bi&:?est floods, are l o s t  i n  t h e  

smdy r i v e r  bed before reaching the Gi l t ? .  The only major diversion 

from t h e  Gila below t h e  junction is ct Gil lespie  Dm, about 10  miles 

dmmstrem. Available sbow thrtt flood flows of tile two 

r ive r s  w e  d u o s t  clways coccurrent, indicct izg t h ~ t  storage of  
* 

Hassc:rampc a ive r  flood f l o ~ r s  w i l l  not  i i i t e r fe re  'k th  surfrce  rig ' i ts  
I 

of t h :  Gi l lzspie  dev~lo?ment,, inrzs~uch c s  t h e  Cila f i v e r  i j l 3 . l  us~a l ly  

be floi;i.I~ pcs t  Gi l lespic  D a n  :$rhen flood waters of t h e  5asnay;mp i 

a re  b ring iq01~1i2 ed. 

in t h e  absence of 2cq- dcfiz-A+,( decrees o r  p s m i t s  eovoriag 

appro ~ r i z t i o c  oiP subterrcnem f l o ~ r  of t h e  iI~s;ayj;,ipa i t s e l f ,  o r  >f 

chann 21s 6er i i4ne t h e i r  rratcr  smpp:.y t h ~ r e f r o a ,  sons invcstig-.ti  Dns 

were mde of grouldt ic t~r  cor,litionr. i n  t h e  re<ioz to  d e t e d ' ~ e  

~.!ineth-.r develoylent of tho 'Lzssryapc Fro j cct uio'dd adversely 

e f fec t  t ! ~  groundvrater supgl;~ of 2i:jcccnt areas. St.b~dies of ~rc .=d-  

v.eter contours 2r,d geoph;rsiccl surrers,  skovm i n  d e t c i l  i? thi: 

cppendix, l o 6  t o  tlie conclusion tblt devclopnznt of t h ~  EaSszympc 

Project .:roulci hc-1~2 no cdverse cffi;i:t on gromdr.rct~cr sup-iios in 

thb C-ile o r  iquc. F r i a  basins. 

Q ~ a l i t g  of !!,~t~r: 3~~11 ~rsz3 i n  ti-.e v i c i c i t y  of ; ; ick~nburg 

h?.vc; Seen irri_rrctad f o r  y&rs from flo:.rs of tho Xcss-yx-.pa fii7fir 

r.ithcut injur ious  i f f s c t s ,  Anrlysas of l -a t~r  s m p l r s  tzken froxi 

t he  r i vo r  c ~ t  t hc  d m s i t c  -ad downst,r~&-~ revczled th- t  t h ~  conccr- 
0 

t r c t i o n  o i  solubld sclts wcs not high &nough t o  be d ~ l ~ t ~ r L o u s  



t o  most crops r d q t e d  t o  t h e  men. 

W c t u r  iiecuircmdnts. 'ikz period l 9 ? l  t o  1940 iras csdd f o r  

u ? h ~ n .  rquil.cmcnts in t t e  Couthwdst from thd st--nd>oLits of both 

t ~ u ? i r c t u r ~  2nd praci?itct icn.  I32,sd on the  1,om-y-Johnson n i t i~od ,  

t h e  annuel consumptive usc of irctcr i o r  a g r i c d t u r o  on the ? r o j ~ c t  
Tl 

is a s t i w t a d  ct  3.68 fee t .  Tho cvzrrgc clrqual ;3recipLtctio;l i n  t h e  

f i v e  d r i s s t  yxrs  i s  0.49 fb&, of i.:l:ich &out 90 p e r c a t  o r  0.44 . 
f a c t  i s  ~ f f ~ c t i v e  i n  m c e t i n ~  congunptivc use. kllo1:ing f o r  C ~ I L ?  

&nd l a t e r21  lo s se s  of 15 p ~ r c e ~ t ,  :L~c? Lee? percolction 2nd fzru 

u:astcs of 20 psrcent, t b e  evcrr.gc c i v ~ r s i o 2  r+~uiri=lcnt tsrs ~ l a c t  d 

at b9'75 zcrc-fzet .m zcTe. ( S G S  ky.?endh C f o r  dc te i l s ) .  

ionthly d i s t r ibu t ion  of i r r i ~ z t l o n  ~ i a t ~ r  i s  c q c c t t d  t o  be 

sini1:r t o ,  the  i r r ig? . t icn sc;l;Lule on t h e  i3e2rdslcy Project ;om; 

13 uiLcs s o u t h ~ ~ c s t ,  :it:? o h 3 r  ?.-.dj~:stri,mts t o  s u i t  t k j  crops 

... expcctcd on tha  Hassa!~i~pa Proj-ct ,  : ~ t h  sucE1 a d i s t r ibu t ioa ,  t I  ;re 

woula be c yecr-round de1iv.x-y of 1 . 2 t ~ r  r a ~ ~ g i n g  lroiil 3 pa-ccnt. 

(1,002 acre-feot) in Decm3sr ~ n d  z'rnuzry t o  13 pcrcts t  (L2300 

ccrs-fact) i n  Jme. f 
?cqui:oxrr,c?nts fo- ?pior fi?.r@. ?he ricorded rCLo~.is ?.t 30x I 

4 
Canyon Dm s i t r  r i f l - c t  thi: ~ f f i c t  of ;3:.s+, con~'u~ptLve use 01 fict ;r 

by th:: 3EO ncrcs irr ic- . tcd ~pitr~?:~. I:o i q o r t c z t  f u r t h i r  u 2 s t r c . a  

R i t - i r  during loti run-off pzriods i s  incdiqucto t o  s u ~ p l y  the pr~!;;nt 

dcve lop~d Dea. 

Th;; grescnt i r r i gz t ed  cr;;n of 190 ncaes bc1or.r th.; dr i js i te  



presents a demcnd uvon the  flow of fhe river ehe2.d of t h e  E~ssa-  

ympa Proj-ct, The warn1 i r r iga t ion  requirenent f o r  these 190 

ecres, st b.75 acre-feet p"r acre, i s  5)OO acre-fe2t f o r  3 f u l l  

supply.. Par t  of this water w i l l  be secured from iaflow Selow 3ox 

Canyon 3 m  s i t e .  L.t t imes i~hen  t k e  n l t u r d  florz. be1onzi.n~ t o  

these 1 ~ - d s  i s  in:.dequa+,e f o r  .z f u l l  s ~ p p l y ,  s supplemectd s ~ ~ ~ $ l y  

w i l l ,  t o  avoid heavy r i v e r  losses,  be  conveyed throug:~ t h e  project  

cmai.. It i s  estimated t h c t  5CO ccrc-feet ps r  year will need t o  be . 
supplied t o  t h e s e  lz?cis tkrou;;:l rthc project  cati"1 6uring p a r s  of 

low :un off. 

Preseilt i!.zter use by.fJic!<enbu.g 2r11omt.s t o  :.bout one second- 

foot. which i s  pv2pe3 from a .,re11 i ~ e c r  t h e  Ezss-:,~?.p~ i'iver. klloii- 1 

i r g  :'or 103 percent i ~ c r c r s e  i n  th .s  denmd, +#a secone-feet urill 

be r:c_uired in  t k e  f i~ tu re .  Co~isuri h i v e  v.se of the  do;n,>stlc +rct.ttr 
' 1 I 

I 
wil l  aver;.ge l z s s  t'rcn 1 sscond-fo ,t, rr.C t h e  rsx.intier of t h e  1 
&3o~l1t pxr.?ed i . r i l l  re turn t c  t he  u :dsrgiwund ;:,?t?r basin. Seep: ge 

a m m d  tke  d a  ;n.t Eo:: Cmyon Y.oser.oir, s~~p?ler-.;1ted by inflov: 
1 P 

from Sols -:ash a d  :;:.rtirez Cree:;, sboul6 be i2equr.t~ f o r  sun;;l:: 

iqg '!5.c!ceRSu-g. If not, it ,  w i l l  '03 rec.:ssr.ry t o  furnish r.dc!iti:,s:.l 

i c t e r  from t h e  p o j e c t  c ~ n f i .  

i;equir;r;.2;;ts f o ~  2er.d :itorc:re. S i l t  lozds -re ~ o t  hecyr, i : v i ~  

6 %  i f 0 ; S .  r ha:-;e~.~.'?r, 2s i n  a l l  o? her ! 

s t r e w  i n  t h s  regio:~, t h e  bed lor.? of z n ~ d  a12 gr-=L i s  s izn i f i -  

c m t ,  k i r l y  e te+ s l q e s  :.bos,e t h  reservoir  ixcitcctc o ~ ~ o r - t - x i t y  

for  trt.?.sport of such bcd lord,  a d  danosition i n  t h e  reservoir 

bzck ?r:.tcr. 



Records f r o 3  1904  t o  1935, inclt:sire, o f  t he  l o s s  of c q c c i t y  - I 
of 2oosevelt Zeservoir on Sz l t  ,iiver sliolo;~ s i l t i n g  t o  tho  e x t m t  of 

0.33 pcrccnt of t % ~  rcse-rwir inflov;. I n  t h e  absezce of d e f i n i t e  

dcta, che s i l t i n g  r?.te on t h e  ~ : s s ~ ~ z ~ n  i s  t s t l r ~ t e d  2.t 0.45 ger- 

cent oE the  m o i f ,  S i l t i n g  of the r e s e m i r  iiould tFrn be ~t t h z  

r c t e  of -r.bout 200 acre-feet ?finucll~-, o r  10,000 ec2e-feet & x L ~ g  a 
I1 

50-~ecr  period. Yh)h3re-?ore, o ~?~prp~ciz;'. of 10,000 aci-3-fcet <or ?.end 

stor-g- i s  7.lloiied. in 3ox C~q-on  Reservoir, . 
gw~ui re r . e i~ t s  f o r  Flood Con t i .~L ; to rc~ i ,  S t o r q e  cc .pci ty  i s  

dos i r z j  ?u:-clj f o r  iqood. con",rol purgosts t o  in?ou~cl. fL:s'r, f1'1005s 

r e a l t i n g  fro= aosntAn clcyY~urst,s, -r?Ach occur r?.tker f r c - ~ u t n t l ; ~  

02 the 5~sz2 .y31~2 drc.insga r s u c .  Ti.? thouspad ccrd-icot of s t o r c i : ~  

ccpc.city 521oi~ t!:~ s?il!.~,,q.lr c r i s t ,  i n  c.Gditian t,o rrroout 6C',OC0 :c:,c- 

foct  cf uncontroEicl si1;)er;t,~;.g, C ~ ~ V L  t he  spiIl.x.:3;~ c r t ~ t ,  ?dll ')o 

r e s c r l ~ d  c.t c.1.1. t i r ~ e s  for  f lood control  gurposus. 

C-t?on St,?diss, 7hc :..idely fluctu;ting lc;?ibmittcnt flow - 

of t h c .  Hr.ss:.y2:~,? ?iucr prccP~des  cry con;idsrr.tion of f i r c c t  c i L ~ - ~ -  

sion i:or irri3c.tion use. 'i 'hor~fore: 211 ::C.tzrs f o r  tli? p - o j ~ c t  :L̂r 

t o  bz s tored i n  30;: S;?;ron 2eservoi:' fo r  r e l x s e  2s required. 

!;turiics o: t he  possible operat: on of t k a  p m ~ o s c d  r sservoi r  

Irere r~c.dr- f o r  t.ks pc-rFsd 1915 t.:ircx;;h 1945. This i s  t h i  ol-il:r 

perioc'. fo r  r+,icil st.rs,?;n flm; d z t s  -::e sufficior.t t o  enr.blo s2.t.i~- 

f 2cto::y estim.f cs  of ~~1tb..1:r f 10:~s of 3c.ssc j2 .1~3 ;:ivir c t  t he  <.- 

s i te .  Duril: t h i s  ueriod t!l~ :.varc+ m u 2 1  :2o:.r ?C.S L5)7CiC L C ~ C -  

f ee t ?  but du r i l l~ ,  t he  period 174?-45 it i:Cs 031;. 7,600 ccre-fset. 



carryover from t h e  periods of high run-off i s  nccesszry t o  perriit -. - I 
~ . u m  use of zvcilzble strum flow. Studies of t h e  Llcraascd 

cost of t h i s  ccrryover istor-ge c q x c i t y ,  evcporcticn l o s s e s m d  

othcr f zc to r s  cstzblished tine t o t d  reservoir  cap-city c t  210,000 

zcrc-feet. Roserv~?.tions f o r  dezd s torzgi  ?rid flooc! control  laave 

c b d m c e  f o r  i r r i g a t i o n  usc of l9O;OOO acre-feet. 

Since pr ior  r i g h t s  m u  $0 be sztisfiei ' .  from t h e  reservoir, 

t h e  f.Lo+r :.t Box Czqyoion d m  s i t e ,  as r ~ c o r e e d  and ~ s t i n a t e d  (soe 

Appeniix C), is coasidercd a s  s t ~ r z 3 l e  f o r  project use. D~~duc- 
b 

t i o n s  f o r  cvcporztion losses  wcra brscd on a nct  mr.url evzpcrz- 

t i o n  Loss of 4.0 f e e t  rrom the rcse-voir  sdrface. b~m.ud i r r iga-  

t i o n  x l e a s o s  include 33,303 ccrc-f;et for  project  l a d s  a d  l O O C  

ccre-_'oet f o r  p r l o r  r i g h t s  oi* yossi  ~ l c  domestic rzquire!xnts. 

..issw5ng t h z t  th- reservoir hc. l been 0 5 c r c t h g  dcring the 

pcrio!. 1916 throczh 19t.5, :&th s t r e l n  flow zs  prcviousl;~ r s cocec  

and o i t ~ ~ t ~ d ,  t h ~  7,OCO zcrc pro jc - t  ;.auld haw 'wen f7lmish-d : 

f u l l  '.rztar sup3ly d u r k g  29 of tki: 30 years. Tho 0 d j  wztcr short- 

cge trsd1.d h ~ v e  occurrLd b. l?b5 - - sbr tz-go of 9,700 acre-feet c r  

28 percent of t h c  t o t o l  dmxid. Err,:tlc f1oi:s of t h e  P c s s q - m p  

River ?muld h ~ v c  bucn -h:lost conpla-;;ly r ~ ~ u l a t ~ d .  S p i l l s  would 

have ,+ccurr:d i n  only +hi.,c :=us;  I. t o t d  of 1 C 6 , G X  Zcrc-r'c!zt 

would :xvc 2assed 0:-cr t h r  spilkircy,, rrhich i s  equivrlvnt t o  m 

?.ver&,$c  dual s p i l l  of 3,500 zcri-feet, 

Pro,je ?t : Jorks 

:3ox Cm:rcn 2 ~ 3  ?ad rrs;rv.-.ir. Do:: C m p n  rcss rvoi r  ICIJ. have 

2 &-- t . u a  l e c ~ t l :  of about, s i x  ;-il ;s, a r,l?Lr!m ?.,Lcit'n of clv-ost t ~ i o  



miles, a surface area at  flow l i n e  l e v e l  of 2,900 acres, and an 

ac t ive  capacity cf 190,000 acre-feet. Several parcels of patented 

lands snd mining c l a i m  w i l l  have t o  be acquired and poJ,rer and ., 
t e i e p h x s  l i n e s  w i l l  require some r i locat ion.  

k narrow gorge (175 f e e t  wide) 14 th  nearly ve r t i ca l  s ides  reach- 

ing  a height o f  350 f e e t  forms the dam s i t e .  Bedrock i s  composed of 

7; 
well-cemented fafiglonerates with a l te rna t ing  layers  of basa l t  and 

basa l t  breccia and i s  covered by app,mximately 100 f e e t  of sands 

and gr.lvels. Foundation conditions aye su i tab le  fc r  ea r th - f i l l  dm. 
I 

b 
constr  lction. 

Tl;e embanhent, sb.o.rin on drawin; 57-D-25 i n  ilppendix C, : . r i l l  

have a ir,axixw. height of 244 f e e t  a'o,ve t h e  streain bed and a crest  

length of 1,120 f ee t  a1sr.g a curved *is b t t h  a 753-foct radius. It 

w i l l  h ~ ~ v e  an i q e r v i 3 u s  cen t r a l  core of coz:acted clay-?and-<ravel, 

p r o t e c ~ e d  by s table ,  sezt-pervious sxctions both upstream &n.l dmr- 

stream, The t o t a l  volume i s  estimat :d a t  s l i gh t ly  over three r 2 l l i o n  

cubic ,iards. A 3-foot l ayer  of rock r iprap ' r i l l  cover most o f  thx 

upstredm slope, and a heavy r o c k f i l l  section :.rill form the domstream 

slope. 

AII uncontrolled, open-channel 5;-illway i s  to  be prcvided i n  a 

saddle about 4,003 feet, t o  the  r i g h t  or' t'ne d z ~ ,  as  show on r'iratririg 

57-Ib26. The overflm; c r z s t  is a t  e levat icn 2,439 and t h e  ca?acit;r, 

with mximum water s;riace a t  elsva%:.on 2462.6 i s  44,7C0 secon,<-fest. 

k 20-foot di-zeter ou t l e t  and di-version tunnel i s  to  be pro- 

vided through the l e f t  abutnent. During ccr.structicn it r . ; i l l  take 

care of r i v e r  diversion, with a capzcity of 15,CCO se?ond-feet when 



t h e  reservoir  ~ r c t c r  surfcce i s  at elovztion 2,285 (10 f ee t  below 

, t h e  c r e s t  of t h e  coffer  dm). 

Impervious, neai-psvious, a d  r o c k f i l l  mtt!ri?ls c o d d  be 

obtcincd b 7  screening tkir p i t  r u n  of c borrow :xi2 nr,a= tthi: right. 

b m k  of  t he  r ivur  z.bout onz r;rile'upstrcm. f ron tho damsite. An*- 

1m rock ?or r i ~ r ' c p  cccn bc quwr icd  ct ;ny nunbur of points  i n  t h c  
'1 

v i c i l i t y  of thu damsitc. Ag-gcztc f o r  concrctu c m  bc secrlrcd 

f r o m  gravel  b-rs do,lg the  r i v c r  chcnnel about th ree  zliles Bo;.m- 

s t r c m  f r o 3  t h c  d a n s l t ~ ,  o r  c m  be producdd by crushing rock 
b 

f ron  rcqvcircd roc!: cxccvction. 

:lo f c c i l i t 5 . e ~  f o r  c?onst,ruction force -re cvxilcbls cxcc?t clt 

t h e  t o m  of Iiickc-nburg. About nine ztilcs of ncw ro-d w i l l  Pam t~ 

be con3truct~d.  

ELectric 2ovicr f o r  constl-r..ctio~; purposes c ~ .  pprobzblr b.2 

secure: fror. thc  44-kilovolt l i n e  0:' t h c  A r i z o ~ c  Po~rcr C o 1 ~ z ~ y ,  

which cronsos the  Ficssqm?.?a ?ivm :.t t h e  upper 2nd of the raw- 

voir, o r  from a s i iz l lcr  lin.2 c-ossi-$g a s h x t  d i s t z ~ c e  bclovr t he  

dmsi te . .  

The esti~r*.ted cost of t , h ~ :  d m  :nd resar.~oir ,  bcscd on currei~l 

prices,  i s  :>7, jCC),OGG. This i z c l ~ d i : ~  t h e  cos', of rights-of-:icy, 

access rocd, reservgir  cle-ring, r,.:c:osscry rilosr.tion cad ~0ilstr11.~- 

&--in Ccncl. The ncin c a d  i s  S,ivi<ed in to  t h ree  sections: 

Suction 1, e?,pzcity 110 s~cond-.r*i.~t, w i l l  bo 2 51-inch di2- 

rncter, csnc:.ct~ c o n d - ~ t ,  ,;:it5 ~ d l s  6 ~ ~ C ~ I L S  thick, burrice 4 f ~ c t  

underci-om-d i n  t!lc bid of t!:e I:-sszyca?c Siver. TPLs conduit ~ L l l  



convey m t e r  f m n  Eox Cmpn Flsservoir t o  a point nt;-r t he  fitchison, 

Topeka w.d Santa Fe Rfilmiy bridge, 1 5  miles domstreirm, where the 

c m d  wi l l  leave t h e  r iver .  

Section 2 u ; i l l  be c l q - l i n s d  mal in ear th  a c ;  rock, e;lt~nd.i?g 

f o r  s ~ v m  miles through t h e  rough t ~ r r a i n  betweun t h e  riwr and pro j- 

ec t  mca. Idour t m i e l s ,  oegre+:ting 9,130 f ee t  i n  lcnsth,  ad sev- 
i 

e r e 1  shjllov? c t ~ t s  w i l l  be required t o  :.void long a d  dLfPicult c m a l  

ccnstru.:tion t h s t  would be r i qu i r td  on n contour route. . 

Se2tisn 3 3,511 d i s t r i b u t e  m t c r  t o  thi: l c t d r f l  s y s t m  tkmue'n- 
b 

out t h e  i r r i g a b l c  a z a .  Thc t e r r a i n  i s  so s t i i c ~  t h z t  2 t o t a l  of 

2.4 drops t r i l l  be rcquirdd t o  amid. a>:cossivc vu loc i t ies  i n  t h e  f i v s  

n i l e s  of ~ 2 n d  i n  t h i s  scction. The c:.pcit.y rcciucuc3s i'mn l l 0  t o  30 

scccn6- f e e t  . 
Cols-lruction costs of t.he m i n  ( : a21  crd i s t i i ~ ~ t i r !  a t  

$b,700,300. 

k t ~ r a l  s:-stm. The I c t e r d  syst-n ,;rill caneist of 10 ic.tcrzis, 

onen ccnals 1int;cl 'nth 2 3-inch bl.x::et of clcy, m i n g  ucst 25 cw-  

h d f  mile i n L c r v d s .  0.i.tlets of Mv,; second-feet c2p:citjr ljlll bc 

"9 provided f o r  a-ch 80-ccre t r z c t .  in.; cost of t he  1:terzl sgston i s  

68tirlilt -d 2 t  ,,lCO,OGG. 

b&scella~i?cous. T'n, cost of i?;rLstig:tions end S-J'T~C~S, p i s t  

cad future,  i s  cs t iz~c tcd  ~t $O,GOO. 

Ttc cost of opor2tir.g 2x3 :x in t : : inFn~ t h ~  pro j ~ c t  durinz t h e  

construction pcrigd, inclurlinz thc: ~--i!ling ar~d puddling of c a c l s  

a d  t h c  purch:.se of oparzting eqdp::.;:nt, i s  ~st i r_ated ct ::,10.00 

an acre. 



h draincge systm is not  r ~ q u i r i d  f o r  t h e  pmjoct.  

DoaestFc i~.t;?r s u p ~ l g ,  Sdtt lenont of t he  p r o j d t  *r i l l  be dcpm- 

dent on provision of a ckpendzblo co!&stic w a t ~ r  s u ~ ~ l y  for  t h e  fern- 

s t e rds  a d  f o r  t he  projzct  torvn :;ittmilnn). '9ec1uSe of 

exc~ss ivs ;  p ~ ~ p i n g  l i f t s ,  ir.aicctsd t o  be about f e e t  by we!& 

sdjccent t o  t he  p m j ~ c t  crea, the  cost  of ?um?ins from individuA 
'I 

walls  f o r  a 60mcstic supply ~miLd be beyond t h e  f inanc iz l  c b i l i t y  1 

of most s+t",crs. To f - c i l i t z t e  duvLlo~I2int m.d s e t t l a m t ,  pro1<- 
I 

sion should be ncds f o r  supplying~c t o t i t  popuirtion e s t i r ~ t u d  c t  
b 

" 1  
800 pcrsons, of xbich 400 ?.muli! bc c n  p r c j ~ c t  ?aims 2nd &GO in the) 

p m j ~ c t  torn. ?ha zversgt .dmr.nd i s  ; ss~a+d t o  bc 500 gellons Fel' i 
ca$itc per  d c ~ ;  xh%ch moun%s t o  zbc3t 450 ecrc-fcit  a yo.=. 

Considorction wc3 g'lvcn t o  a mxb-r  of d i f f e e n t  plrns  f o r  ?:'o- 

vidink t'nis su??lg-. The b a t  nlen csntmp1c.tzs constnlction of 3 

deep ~ , o l l  2.t tths s i t e  of c s ~ l l  em-Jizing r c s i rvo i r  i n  Scction .. 

T. 5 , X, 4 J This r ~ s e r v o i r  i~ c t  a d i v e t i o n  high ;hnough 

serve the  tnt . i rc  pip.? l i n e  d i s t r ibu t ion  s y s t d  by grsvity. 

Thi: t o t c l  cost  of t3s; irell,  re: ~ r v o i r ,  cPJorin-tion equiz,ixn.:, 

t ~ r i k  :ad d i s t r ibu t ion  sg-stsii i s  -stin:.tid :t ;j?7OJOOO. Scsbd on the 

css~~mx!tion thc.t t h e  i r r i g c t o r s  2nd. t h i  groj icf  t o m  !.;ill u s i  w.ti;r 

on c 50-50 bcsis,  t h e  construction cost  wo-dd be di \ id-d eqm.llg- 

betwe-n tine tt-o usors. Thd .$1$5,OW cos5 for  f-rr2st;z.d prater 7;ould 

be corisidcrcd as  pc r t  of t'ne irrizc.i.ion cost, rcpcycblu unde? R<:cla- 

r a t i on  L:w in l+O yc?.rs, without intcr.;st. ?hb pro jLc t  town1 s shzre 

bf t h ~ .  construction cost, :>185,000, would probcb1.y bc r - p e d  i n  50 

years a t  th ree  pcrccnt ir.terest. 



SLm:.ry of construction costs. E s t i n a t d  costs of construc- -. 
t i o n  of t he  Jur2c.u of P e c l ~ ~ w t i o n  foaturras, bsstd on h p r i l  19117 

prices,  C ~ F :  ,~~il~tt:rizZd as  f ollot"s: 

Box Canyon D m  a d  ilescrvoir <I 7,500,000 
F i  CC-.ZI& 4,?GO,Qm 
Lstura l  System 160, (300 
1nv~stFg:tions ar,d Surveys 80,000 
0 a ~ d  1% d ~ ~ r i q g  Construction 70,000 
&kni.cip?.l :nd F-mstl?ad !!ater Sycply 3'i0,000 

O p ~ r t i o n  2nd T.1-intlt.;ncnce, Trid budgets tnd m ~ a l j r ~ e s  of pm j- 
b 

e c t s  cp~r r r t i ag  under s i c u l ~ r  cor.dit.i>ns indicctzd t h a t  opeertion :,nd 

~ t ~ . ? ~ a c ~  costs  f o r  thu i r r i s c t i o n  m d  f ~ r n s t u z d  wstttr s y s t m  .would 

d o ~ , m ~ t r e m .  Construction of storage f z c i l i ' i ~ s  on strk~ms i? sO.~:hem- 

krizcr..?. h?.s i nv~r i r . 51 ;~  resul ted in :. ixr!:ed deter iorzt ion i n  ckcll:..i;l 

2ve r2&~ ib0u2 $35 ,4 '00 m~ll i^ . l l>r ,  o r  :bout ;:;5.00 CII ~ r e .  Am+ual oy61.c- 

t i o n  :ad ut;intc~?ncnc;: c l -c r~es  f o r  z~vz.icipril m t o r  w r a  c s t i x t u d  a-, , 

cc.pcci.tics, r t s i i l t ing  t h r o u ~ h  the pr.or.th of vrat.tir-lovin~ 71~get~t.tF:)n. 

Using the  strwrr. chcnnel t o  conT7zy v s t ~ r  f ron t h e  30;: C,rpn Rescr- 

vo i r  t o  th- d ivmsion  point, would, ~:rithout, doubt, rcvdlt. i n  t he  

present strsm 5cd bocordng covorcd, except f o r  2 nrrrorr c h r ~ t ~ e l ,  

1 
8 

with :, growth of cottonwoods and othzr  w?.tcr-consu-ing wg- t r t i on ,  

\;7,50C. I 

m . r . t i v c  ?l:x of 3emlo~; len t  

- 
tl:ns previously consickred bl- othar httirdsC,s for  tkc d ~ ~ i l l j p -  

m ~ n t  cr" t h e  proj-c t  contm~plcted usiag thu s t r o m  bod t o  convey l r : t ~ r  

f ron t h e  r ~ s c r v c i r  ?.t Box Cv.pn t o  t hc  point of diversion 15  :il,;s 

os hcs bezn tthc e q o r i ~ n c e ,  under s i ~ i l l r  conditions, on t h e  3 d t  



a d  G i l r  Eiver. Detci l id  s tudies  a d  ta ts  @ t h c  E u r e a  of Eecla- 

r a t i o n  inrlicr.tca 5hst  t he  ann11nl c h m e l  l o s s  vmuld be ?.bout 7,800 

rcrc-feet, t h z t  l v s s  t h m  j,090 ccres  could be i r r i gd tad  with t h e  

210,OOC ccrr?-fcct rcsq-voir, 31d t h a t  unit costs would be hixher 

thm f o r  t h l  s e l r c t cd  p l n .  

A plcn f o r  tr ,?nsporting ~i.:.tcr t o  the  ?ro juct v i c  n hizh-lin;: 
Pi 

c m c l  l e c v i n ~  thc  r i vd r  c t  ?.ox Cvlyon D m  7;ins also consid~red,  'mt 

tho  stoep slopds :.nd roilgh rocky t u r r c i n  which r,rould be t r 5 v ~ r s c d  

by t h i s  c:nS i m i i c ~ t e d  the% it ?n.roulJ. be m r c  cos t ly  than t h e  se lc ;z t~d  
b 

route . 
At. t h e  royucst of l o c d  intcre:ts, c o n ~ i d ~ r ~ t i o n  wes ;iv-n t o  

thi: deTelopn~nt of 2. storcg; rusii-vcir an t h i  i ; . ? . s ~ c ~ p ~ ~ p a  RivX a t  

t h s  k t  zkis011, Topi;k= ??.d i a i t c  FC I?: iLwzy c:-o s s in s  n . x r  iIcrristo?rr 

t o  eli-L?-.tc t h -  closed co2dcit nzc<.sszry ~ 6 t h  storego ~t ithe BOX 

Ccn;.on s i te .  A storcge rc;s.-rvoir 21. t k 5 s  1o:rer s i t e  vould be costly, 

as it would roquiri: reloc.:.tion of d.l:out 10  ?Alas of rc.ilro2.d 2nd !..igh- 

a .  ilorcovcr, t h i s  c lcn  of d.evlols:,a~nt r.vilcl not e l i z ~ t e  thi. 

chznnf:l losses  5ct:reen Eox Canyon ::d t h i s  s i t e .  

"he biittmann i i n t ~ r e s t s  r-zde s x %  studies f o r  d2ti;rr.iTitl$ t h :  

f e z s i b i l i t  y of "divzrting uzt  ,r l r c n  Kirklcnd Cree!:, trYaut.=r- of 

liilli::?.~ i?iv;r, ovcr t hc  d iv ids  i n t 2  t he  1ic.ssz;r:-m?. 3 i w r  v ' , ~  

EIzrti~iez Creclc, t o  i n c r d s u  the pro jGct  :ctir s ~ p ? l y .  Consida:.ztion 

of their dc t c  t o g ~ t i i u r  *.i-tb sor:,: zdditio;??CL studi;s by t h e  D.I:-c~u 

1i;d t o  t hc  conclcision ti;:t tth h tg t  cost of t"l s~i~:.ll z . ~ o m L  of w , ? . t ~ r  

thus  obt-ir,c.bli; r ~ n Z c r s  tke schirL~c iqrcc t i . ce1 .  I:3rcovcr, t h i s  m t c r  

could be u t i l i z c d  f o r  thi: b r ig . - t ion  of c rcb l i  l:nds i n  t,he !:illi;~<s 

Kivor 3zsi.n c.t lloss cost. 



Invostigztions aro nov i n  pmgross by t h ~  h r c a u  t o  ddtemLn.ni 

t ho  des i r ab f l i t y  of ciivcrting ~ r c t ~ r  frou the  Colordo  Tri-vcr t o  t k c  

Grmitc Reef Roscrvoir t o  ougxn t  supplius i n  the  Self, a d  Gila  - 
H i v ~ r  :IaUe:rs. CmS.s m.d tuni:cls 'fror1 Leke E~vzsu,  Klrblc Ccnpi: 

and Bridgi Cm;vn hzve been survi:ycd 2nd studiod. It h.zs been dztcr- 

mined t h a t  dl vnter  which r i g h t  be r ~ d d  a v ~ i l ~ b l ~  by those ?lam i 

w i l l  be nceded f o r  t h ~ .  k l i u f  of p r e ~ m t l y  irrig-tc;d lmds  t h e  

Sa l t  a d  G i l a  2 i v z r  'J2Llt:ys. 

Agri cul- turd D cvclopriont 
I 

b 
A:.though crops c i ~ ~ o t  be produczd rrithout i r r igz t ion ,  t'nc p rc j cc t  

a r i a  i t :  :.fill-adcptud t o  r-gricultur.;; undor i r r igz t ion .  '?he pro j ~ c t  

lands l i e  on n gent ly-s lep i~g  n l l ~ l v i - 1  fen which i s  axc<:ptioncLly 

mooth. .surf :.ccd a d  unifor:~. Piearly ?8 percent of tho crm h:.s b i  Gn 

c l ~ s s i . : i c d  as  Cl;ss 1 l x d s ,  which z r c  l a d s  s u i t ~ ' s ~ l e  in every r3~-  

pect f i r  i r r i g t i c n  z?d cnpzbli; of  lmd?lcinq !iigll y ie lds  of c11 c r ~ p s  

not  jr xludcd '27 cli-.ic.tc, It i s  .?ntici?c.ted t h a t  t he  d i s t r ibu t ion  

of crc:zs, y%clds, 226  v a l w s  i n  the p r o j ~ c t ;  c r i z  ,"rill 5~ sirZi,-.r t >  

those of t he  S a l t  : ; i v~ r  F.roj~ct ,  -8 t h ~  ::oil cnd clb.~;tic coi:&iticxs 

i n  the  two zrc3s a r e  ccq; . rabl~.  1,s shorn i n  T ~ b l c  25 in Iippc;ndlr 

G, it :.ppezrs t h a t  a ncncrd  fr.minp progr-ili ?ill bo prcctlccd .-nd 

th2.t g:?oss crop v.dwzs wil l  zver-gc -.bout :,ill6 cn acre. 

P::oduction of l ivcstock :ad l ivestock products i s  lik;l:i t o  bi: 

of l e s s  b . ~ o r t . x c c  ti??n thd ?reduction of c r e ~ s ,  On son3 f c x x ,  

how-v~r, thc  d a i r y i n  md  f t rd inz  of beef c ~ . t t l c  22.3- b;c0:11: c nz jor  

ent t rpr isc .  Bcscd -on p-st r i s i i l t s  on the ,SCqlt N.?mr P1-c j ~ c t ;  an 

a v ~ r a g u  m ~ u c l  l ives tock  inv,ntor;i. c f  ,but" L7C;OOO can ' 3 ~  cxp-ctcd 



on t h e  Hzsszycqa. Pro jcct  . 
L a d  w12scnd t?.xes. hs the  H-ssnympc Projuct i s  d~wlop-dd  

l m d  vzlues w i l l  r i se .  _On t h e  3r.sis of S ? l t  i;iver ?roj,ct eirpuri- 

cnce z norm1 o r  long t i n e  z v ~ r c g e  I-dud of n-bout ,275 an r c r c  can 

bc expected. I n  rccent y ~ z r s ,  of course, i r r i g c t s d  1w.d h2s sold 

f o r  considtr~b1y.higher  pr ices  because t h e  p r i ~ c s  of crogs &ror;R 
I ,  

hn-v~ b ~ e n  high but a s  crop pr ices  decline land v?lubs + r i l l  l ikewise 

docline. 

On t h e  bc.sis of csstssed v?.&uts 2nd t,?x r a t - s  i n  Kzricop- xd 
b 

Pin?,l Corntics during the  pvriod 1539 t o  19114 it i s  ss t i i .~?. t~d t h r t  

tzxes w i l l  zv;rc.gc =bout J.50 per ccrr for  l rnd  cnd b~>ilfdings. 

aenr,piint r.biii%g. iicpc";munt z b i l i t y  of watcr uscrs was detur- 

ri5nc;d by thti f2-m budget mGthod of mS:rsis, bcscd on yields ~ n d  

pr ies3  of t h?  Sclt. Z i v ~ r  Projcct  h r i n ?  th6  p r i o d  f m n  1939 t o  

1 9 4 ,  inc ius iw.  hnzlysis of farn;: r x g i n g  i n  s izo   fro^?., @ t o  3 3  

acree inCliczt.ti;s t h l t  zx%~nsj.v~; cm]. f z m s  2.8 sn.-11 as 40 zcres c:n- 

not pay f o r  v:zt.tir o r  provide a r c : i o n A l ~  l z v r l  of l iving.  3x1: 

spccinl ty  crop f e m s ,  howev~r, ixy provc: succt;ssful. Zx?ci;nsivi: 
I 

crop fan.1~ of 60 =d 100 acres ?.pp(;ar t o  '02 t : ~ i c ~ . l  f x 5 1 y - s i z ~ d  

farm: 2s t : ~  f r ~ m e r  cm 20 ;lost of t h c  ;-ork hias- l f ,  , ad  ff,?~.ls 0.E 

th-sc. s izes  c2.n nn-kc? r. suSstmti,?l ?cj?.imt to>i?.rd construction c '>sts  

in zfd i t ion  t o  proridin. c rL-son:,le l u v J  of l iving.  T t  i s  r--:on- 

ctndsd, t h ~ r ~ f o r c ,  t!xt thc  r,>:ority of t h u  f c m s  b;. of t h i s  siz:. 

Tho m d y s i s  i nd i cc t i s  t . 3 ~  t?l:~?unt cv?.j.l?"bl.: f o r  pcr.1d-h. of :.11 

rr2tcr costs t o  b e  15.50 per  ccre. i l t&~ct ion  of tho z s t j x . t ~ d  

operation x d  f:cinti;n:nc~ cost of .,,.5.00 4 zcre le,?vLs 10.50 p- r  



ccrc  f o r  r q x p r ; n t  of irr igc.t ion construction costs. For 7,000 

ccres, tXs zmun t s  t o  1)73,500 m ~ u ? U y  md i;)2,940,000 over t h e  

l+O-;.ear r c p q a ~ r ~ t  ppariod. 

Satt lenent o ~ p o r t u n i t i u s .  It i s  ustir . t t id thc.t :bout 83 f ~ m s  - 
couI.2. be a s t ~ b l i s h e d  i n  t.ke pro2;;ct msa .  This c s t L - ~ t c  i s  b-sitd 

on 80 t.o 100 acre  f c m s  pr~dor&cting, ?n th  a few s m l l ~ r  2nd so:lw 
:1 

l a r g e r  f-ms. 

Excuss l a d s  t o t d  1,OVi: ccres,  Disnosal of these lacis sP.ol?.ld 

not p r ~ s c z t  a scr ious  p r o b l a  c s  %:I; ;rea i s  uni;lh:.bit~d w d  t k t r . :  

e r e  or,ly scvsn l~.ndholc!~rs, excluding th.: Vnited S t z t ~ s  3.d t he  5;:te 
. 

of iirizon?, who o>m  or^ t h a i  160 2 : r ~ s  o f  i r r i g r b l a  l a d .  

k g  pcver he.2d, ~ r r z t i c  stw~:~€lo,!w, ?nd the  ; lnrmomt need of l,rc.t :r 

f o r  i ~ , r i g a t i o n .  T:le region i s  now m?plic.d ~ d t h  coa?crcltivcly l o r  

cost  1:o~:er gcnor-tcd on the  Colorac%> ;Eiwr a d  i n  p l a t s  of t h e  S i l t  

Hivcr VLIey  I.:.ztcr Users i . s s o c i ~ t i o ~  on S d t  Xivcr. ! iddi t imal  

power d e ~ i l 3 ~ ~ i 1 ~ n t s  on the  Color?.d3 :iivLr, no'rl. under cor.struction 

o r  under sturiy Dy t h e  E u r ~ c u  of iiaclc::z~tion, could core econs: l ic~l ly  

suppl:r t h ~  mticip:ted f u i w ~  povcr n,;ds of t h ~  Lrca. 

Flood Control 

.. .~nfon:zttion f ron  l o c r l  r=sidcn:.s a d  s t u ? ~  of incsxplete m.3off 

rucox~ds iil6icct:s t k t  the  r i o ~ t  dc;r=.gir.s floods c r ig inz tc  in tha  

clong the  r i v e r  i n  tho v i c i n i t y  of i,;ickenburg rnd :.orristns,n, :.nd 



at t h c  rdouth of t he  r iver .  During t h c  pmiod 1916-35 thc  t o t d  of - 
e d u z t e d  flood drr~agss vns ,j206,000, md  nmerous other dalags.8 

occurred f o r  rrhich nonct_cry v d u ~ s  a r e  not a v z i l ~ b l e ,  :.ccording t o  

i n f o n u t i o n  furnish& k r  t h s  U. 2. Z n g i n ~ e r  Cffi.cd 2t Los ~ z g c l e s .  

Construction of Eox C m p n  Dm would &e it 2ossible t o  mb- 

s t m t i a U y  reducr: t h e  flow of f loods o r i g i n c t i q  ?bow the r t sor -  
't 

voir. i>ssui:ing tho  r e s ~ r v o i r  t o  be ct spi1l~~:c.y 1 e ~ c 1  a t  tho  bogin- 

ning c f  t he  flood, t h e  ~?~:cirmil probablu inflow of id3,OCO seconc'.- 

f e e t  t-oulcl be ri;dv.csd t o  o ~2xir,1u31 cutf io~!  of 69,700 socund-feet. 

Based on s tudies  of p o t e n t i d  flood dx12,g~s sup?li.>d by t h e  u'. S. 

&gini,cr O z f i c ~ ,  ;-nd on stuZies of yrob:.ble disch:r;as prepcrcd 

by t h o  & l r ~ ~ _ u ,  it i s  tstiil?.tr:d t kc t  uncontrolled flotrs of tht: . 

Hcssqa-.pa ; . i v ~ r  ~ iou ld  p-o'ozbiy cau: e flood dmagzs t o t t U i n g  

:l,laL+!+'l'?,OOO ir.  a 100-par  pdriod, i;h: ch i s  cquivc1;nt t o  zn @2iLrZg3 

m r ~ u a ? ~  flood h x . g e  of !114,400, St 51-rl~, thc  rt.si2uc.l fload 

dmag;s vkich riould probcbly occur .,5.t:?1 f1ov:c; controlled a t  Box 

Ccnyo:~ 3.213 u:ould. cv;ragc; :>2,&7C a y x r ,  indicct ing cn 2vdrcga 

aiuclL rzducticln i n  fiood <h.~:.gcs o f  .:,ll,qCC ( i n  round r?ubers). 

eccrue f ro2  f i s h  2nd wildlif i ;  conszrvction ~ n d  f r o 2  opportanit i~: .  

f o r  rzcrcction. Tu'avig2tion uses o r  r q u i r c x ~ n t s  L'G not nrescnt. 

Fish :.nd . ,Lldl i f i :  conscrvctlon. On t k c  bzsis  of 2. ..?rcl3;i- 

n2.v b i o l o ~ L c ? l  rr;csm2issc--.ca of t he  zrua tho Fish c.nd : : i ldiife 

Scrvico considers t h z t  cevvlo)r.Lnt 3_C the  r;roj*cC, ,,;iruld b, bcna- 

f i c i d  t o  f i s h  a id  yrildlif;; t h s  n i t  ~ n r ~ u ^ S  b ~ n c f i t  i s  t ~ a t : . t l v ~ l y  



es t i r a t ed  zt C;18,000, Realizztion of such annual S ~ n d f i t s  would 

be dependent on sti2ulzt.tcd m a g t n e n t  conditions, 'mt no coostn~c-  

t i o n  work would be nzcsssary. - 
?.ecrection, ii reconncissmc& C,WVLY of r cc rec t iond  c d m -  

t3ge.s which night  r ~ s u l t  f ron  pro jec t  cii;velopwt hzs b ~ a n  ~ l ~ d o  

by t h e  N?,tionrl Pcrk S c r v i c ~ .  Zased on this prelj l l ina-y zm:lina- . 
'I 

t ion,  th; !C;tional P2.x-k Serv%ci a s t i m t e d  t h c t  annual rocreation.9 

bcnef i ts  t o t d l i n g  :)28,200 r:ould be recl izcd fror: project  construc- 

t i on  .nd opirztion.  The cost of c o l s t n c t i n g  nscesscry r ec rda t iond  
I 

~!zint;nmc: cost  ? a s  es t inatsd c t  $:~3,800, 

m - z a t i o n  

.. p r o j d t  rr;tcr usersf o rgc i~ iz  i t ion would necd t o  bG firnod 

t o  co: itr-ct with t h e  Cavtim-nt f o r  r ~ p c . p ~ . n t  of rc i rburs .2b l~  c o ~  t s  

ma t r ,  z s s u ~ c  tho  obl igr t ion of op~.z.ting cnd min tc in ing  t h u  T r c  j- 

ect  w ~ r k s .  AS z h o s t  on6-h-lf of t l i  l x d s  selected f o r  p r o j ~ c t  

dzvel3pnent l i c  within thij bounZzri;s of the hrizon- : .zter Csnsc?.- 

v a t i o ~  i l i s t r i c t ,  it h-s been sug:cs:~d. t kc t  t he  J i s t r i c t  x e n d  i t s  , 

bo.~nd.:ri~s t o  include the projzct  l x d s  cnd zc t  zs t h e  conti--ctirg 

rgency wit:? t'le Unitzd St?.t.t3s. iLf3rc; proceedin; >nth t h i s  p lm,  

hovrev;r, z thorough review should b.: crde of t h s  i xn7  ?zd v-riou:. 

leg21 pi.obl~?s in%-3lirid. 

Construction of t hc  p r o j ~ c t  inuld br: :.cco,l?lisiiod in ,-bout 

t h r w  yec.rs. ; , f t c r  i s  dclivurcd t o  p i w j ~ c t  l m d s  c Ssvilop- 

nLmt period of :.bout sevm y-crs sk10111d b~ r l lo~rcd  befor6 co:?n,nc:- 

ing rep2:ncnt of reir.~'curscbl+ costs. O u r i n ~  t h i s  duvelo.mGnt 



period only opcr-tion a d  r . ~ i n t ~ n a c e  costs  would bi: collected 

from t h e  s e t t l t r s ,  d l o ~ i i n g  t h t n  t o  use t h e  rarxinder of t h - i r  

incone f o r  building h o q s ,  acquiring mchinory 2nd l i v ~ s t o c k ,  

cmd dsveloping t h e  lc:.;l&, 

Relationship t o  t h e  Colorsdo River a m i n  

T h c H c s s ~ ~ ~ 1 p c  Projdct i s  on6 of t he  134 pot*ntial pro jucts'  
7i 

p r ~ s e n t d  f o r  consid~r:.tion by the cffuct,d s t r t e s  i n  th -  r ~ p o r t ,  

"Th* Colorcdo Tt iv~r~l ,  issued by the  S e c r ~ t - r y  of t h ~  I n t ~ r i o r  i n  

Idicrch 1946. The report  shol,.od that t h i r d  i s  not enough ;h$ctrr in 

tht. C ~ l o ~ ? . d o  Pdvor sgsti.n ,"or dl t.hb potdnt ic l  p m j ~ c t s  o u t l i n d  

thirdin,  c a d  rGcor~~Gnded  thc.t t he  Str.tus of  t h ~  ~o lo rzdo  ;?iv;r 

&sin (1) d e t ~ m i n i  t h o i r  r z s p c c t i ~ . ~  r i g h t s  t o  dop1,ta th -  flow 

of t h :  Cclorz.do RivLr, conzistant t i t h  t h e  Color?.do River Conp.cl 

a d  ( 2 )  cc t inz  sipzrr.tt,lg o r  joint:.y, r ~ c o m e n d  f o r  construct,ion 

a grolp of -p-ojbcts, the; str&x.iflo~. de?letions of which v n 3 1  

ossur;dl;r f&  ><thin u l t h - ~ t . ~  fil.c~cctions of Colorcdo R i v a  wzt, r 

whic!, m y  bc ::~.de t o  i n d i v i s u d  st :  t c s .  

Thc m.ui?l consmpf.ive use of i r r i g s t i o n  vizttcr by l m d s  irF- 

gr.ted i n  thr: H:sssy~y.~pz Project  w u l d  be :bout 22,700 acre-feet :: 

year, LP.~ tho  m l u c l  l o s s  f ron  ~ ~ p o r z t i o n  a t  Box Canyon Xtsdrvo: r 

would avcrzgc cbsut 8,200 zcro-f Lei,. 

Two ciethads of dcterr.Cning this ~c3norric justific:.tion of t hc  

proposed devclopncnt hcvc ber:n considered: (1) t he  r c t i o  of 

benef i ts  t o  costs; m d  (2) t h s  r c l z t i on  of rcija~.:nt  a b i l i t y  t o  

costs. 



Benefits and Costs 

Monetcry benef i ts  have been deternined f o r  i r r i g a t i o n  and 

fzrmstead m t e r ,  municipzl wcter, flood control, f i s h  2nd wi ld l i fe  - 
conservation, a d  recreation. Costs, i n  t h i s  analysis, include the 

m o r t i z ~ t i o n  cost  of the  project ,  with i n t e r e s t ,  and the operation 

and maintenance costs.  Estimates of these benefits  and costs,  

2, developed on the following pages, are  s m ~ a r i z e d  below: 

Annual Benefits 

I r r i gc t ion  a d  farmstead wcter $826,600 
Municipzl vnter I L4,600 
Flood control  11; 900 
Recreaticn 28,200 
Fish and wi ld l i fe  conservation 18,000 

Total  monet-ry bene:'its $899,300 

A ~ n u a l  Costs - 
Operation a d  ? i= in tenzce  

I r r i gc t ion  and 
fcrmstezd water $:,5;400 

Kunicipal water 7; 400 
Recre-tion 1.3 800 - 2- 

$56,600 

Amortization of constructic.n cos t s  

Bureau of Reclam-tion $!..01,4C0 
Netion2.l Perk Service 7 ,900  - 

-$508,400 

Total  m u d  cos ts  

R ~ t i o  of Anr.ual Eenefits t o  Anriuzl costs  - 

I r r iga t ion .  Irrig?.t ion benefits  a r e  estixclted to  have a?, - 
'annual vzlue of $812,000, which i s  the  gross crop incone from t!-.e 

7,000 x r e s  of irr igclbls l a d  i n  thk, projsct ,  Since present income 



from those lands is ins ign i f ican t  t he  en t i re  amount i s  used as 

t h e  measure of benef i ts  from i r r i ga t ion .  The $812,000 measures. 

t he  monetary o r  t angib le - i r r iga t ion  benef i ts  accru%ng t o  both 

d i r e c t  and ind i r ec t  beneficiaries.  It i s  assumed t o  be equiva- 

l e n t  t o  the  ne t  economic e f f ec t s  of producing, processing, and 

handling through c o m e ~ c i a l  c p n n e l s  the  new agr icu l tura l  prcducts 

from the area, together wit:.. t he  ind i rec t  e f fec t  on others not 

engaged i n  handling these products. Beneficiaries, therefore, 

include the trucker, the railway, wnclesalers, r e t a i l e r s ,  and many 

others , k o  rcay o r  may not have a part  i n  bringing to  the ult imate 

consume + t he  raw products grown on tke  fam.3 of the project; 

1n;angible benef i ts  w i l l  a l s o  accrue from the project  which 

a r e  n ~ t  read i ly  susceptible of monet: rf evaluation. Among these 

a r e  inc-eased op?or tmi t ies  f o r  ezplcynent both during construct ic l ,  

and on farns when the project  i s  in ( peration,  The development 

of t h i ~  area w i l l  increase t a x  r e t u n L s  t o  l o c a l  governments and 

thereby pennit the  improvement and e:rtension of public services 

t o  a wider araa ,  Federal income t a x  payments w i l l  be increased 

because of increased earning capacit;, of the  project  lands. National 

secur i ty  will also be served by i n ~ r t ~ a s i n g  the productive capacity 

and by spreading the p o c u l a t i ~ n  more t idely.  

Tke benef i t  realized from the f.irxstead hater supply has beer, 

measur~d i n  tsms of the  s a l e  value of t h i s  water. Based on a r a t e  

of i0.20 per 1,CCO gallons, the benef i t  of providing 73 ~ l l i n n  

gallons of farmstzad water annually i s  $14,600. 



Sur,mrizing, the  t o t a l  v ~ l u o  of t h e  i r r i g z t i o n  and f-mstecd 

water bznef i t  i s  $26,600. 

suppi>- f o r  tho  projoct town i s  a l so  b-sed on tho s d e  v d u o  of t k i s  

wcter. A t  a  r z t e  of '-0.20 p<r  1,OCiO gallons t h ~  v d u e  of 73 nil- 

l i on  gallons is  $14,600. 
? 

Flood control. UnCer p r ~ s e n t  condi t ims,  with flows of t he  

H c s s q ~ " q e  E i w r  uncontrolled, it is  est i ;~ , - . t~d t h c t  f lood d a g e 3  

w i l l  ,:vor-go ;,l&,L+OO cnnudly.  ?y constrrlction of 3ox Ccnyon G a l  

and control  of tho  r iver ,  flood 3 z  z g ~ s  r r i l l  bc reduced by $ll,9')0 

m u z " l y .  This decrecse i n  d?r::g,s corqrises t h ~  flood control  

benef Lts, 

Xecrcction. Scsed on a p r e l i i i n c r y  exminztion by the Iicti )nai  

Park j e r ~ i c d ,  t h e  snnual v d u ~  of  :.;.creiitional bonufits i s  plccoi  

a t  <,23,200. 

Fish i'nd l.i;_ldlife conse rv~ t io r~ .  Opur,;tion of the  p o t e n t i d  -- 
proj t ic t  would provide ~x ~ n n u i l  f i s h  rnd ~ r i l d l i f c :  bcnef i t  of 

(;18,G30, z c c o ~ ! i n ~  t o  t h e  pre1irin::ry i s t i n z t e  prcpzrcd by tino 

Fish --nc :; i ldlifo Gervici.. 

Costs. Burec?~ of Xec lza t ion  f o z t u r ~ s  2 r u  cstinat.ti;d. t o  cosi, 

!:;12,900,000; mor t i za t ion  i n  50 y~::rs a t  thrce psrcont i n t e r s s t  

would rcquir: i'.n c m u d  outl2.y of ij501,L;CD. Nctional Pcrk S ~ r v i c e  

featurce -re e s t i m t c d  t o  cost 1:;17c2,000, the  c m u d  cost  of %.lor- 

t i z i . rg  :.179,0CO i n  50 grccrs >t t h r r : ~  p ~ r c ~ n t  int,rLst, i s  .j7,900. 

i n n u d  operction =d minicn-.:lcG costs of t hc  vzrious f  u?.turcs 

h n v ~  b ~ e n  cst inztod a t  $35,400 for  irrig:.tion a d  f a m s t ~ t d  watcr, 



37,400 f o r  municipal bmter and $13,800 f o r  r e c r e a t i o d  f a c i l i t i e s .  

Relation of benef i ts  t o  cos t s .  A benefit-cost r a t i o  of 1.59 

t o  1 rms developed a t  t he  beginning of  t h i s  chapter. This r a t i o  - 
indicates  t h a t  annual benef i ts  t o  the nation w i l l  average 59 percent 

above annual costs.  I n  other 31ords, fo r  each do l l a r  of cost, the 

nation will receive 1.59 of monetary benef i ts  i n  addition t o  intan- 

gible  benefits .  ! d 

Costs and Reuapent 

Corstruction o f  the  proposed project  would require expenditures 
I 

by the Iureau of Reclamation ind the  dational Park Service. Allot:- 

t ions  o! construction costs  can be male t o  i r r i qn t ion  and famsteac 

water, 5 unicipal  water, flood control ,  f i s h  a d  wildl i fe  conservatr on, 

and recleation.  Costs d l o c a t e d  t o  i - r i ga t ion  and farmstsad water 

and t o  r u n i c i p d  7,rater a r e  reimburs%l: Le. The following amLqary of 

costs,  : l loca t ions  and replynent shows t'nat 27 percent of t he  reim.. 

bursablt cos t s  of the  project  czn be -epaid: 

Estimated Ccnstruction Cost cf ProJect - ---- - 

National Park Service feasures 179 $000 

Total constructi>n cost  

Allocations of Cost 

Non-reixbursaSle 
Flood ccn t ro l  ;S 306;CCO 
Recreation 725,000 
Fish and vii ldlife conssrvation 463,OCO 

Reimbursable 
I r r i ga t ion  ~ n d  f~ rms tead  ha t e r  ,~lI,4OO,OOO 
Kunicipal water 185, LOO 



I r r i ga t ion  a d  farmstead water 42,940,000 
Kunicipal m t e r  lE5,OOO - 

- $3,125,000 

Percentage of Repcment 27 percent. 

kllocetions.  Non-reimoursable costs  were ~ o c r t e d  on the bas i s  

o f  the  present value of the q n u a l  benef i t  occurring over a period of 
*I 

50 years a t  3 percent in te res t .  The present vclue of &nnual flood 

control  benef i ts  of $11,900 i s  i306,000, of $28,200 mnual  recreation 

benef i ts  i s  $725,000, m d  of $18,000 annud f i s h  and wi ld l i fe  banef i t s  

i s  $463,000. 

It hzs been assumed t n c t  the  co:rt of providing municipal water 

w i l l  be covered by a r e p a p e n t  contr,:ct with the project  town. 

Therefore, t he  construction cos t  i s  .&en a s  t h e  value of ,:,unicipaL 

water a l d  tine e n t i r e  cost, ;185,000, i s  al located thereto. Only 

one o ths r  fur.ction, i r r i g a t i o n  (inclt.ding f r n s t e e d  m t e r ) ,  i s  served 

by the project. Hence, the res idual  cost of .#11,400,000 i s  allocased 

t o  i r r i s c t i o n  znd f?m.stead m t e r .  

Repament. Repapent a b i l i t y  0:: the  i r r i g l t o r s  was calculated 

by the farm budget method of analysi  3, which indicated tnz t  the fa.w,- 

e r s  could recsonzbly be exyc ted  t o  pay ;10,50 per acre ennud ly  f ~ r  

i r r i g a t i o n  and fzm.stead water. Ovei. a 40-year interest - f ree  repoy- 

ment period, t h i s  p q ~ e n t  mu ld  mount t o  32,940,COO. 
< 

Before a wcter supply could be provided f o r  the  project  t~ .~rn,  

it would be necessary to  secure a repeqn~nt  contrzct  f o r  t he  en t i re  

construct ior icost .  It has therefore been assumedthat the 31g5,OGC) 

cost  of providing rriunicipal wzter ~ ~ u l d  be repaid i n  f u l l .  



Percentage of Repqment, 73th mt i c ipa t ed  repayment of 

$j,125,000 on reimbwsable c o s t s  of jll,565,OCO, the repayment would 

amount t o  27 percent. Assuming t h a t  the  repayment a b i l i t y  muld  - 
reinair. constant, it +mdd require Abut 150 years t o  e f f ec t  f u l l  

repayment of  construction costs.  



P&?.IQUS I?.IVESTIGi .T IONS 

Engineers f o r  t he  l i i t tmnn in te res t s ,  l a rges t  property ot,nurs i n  
t h e  project  v ic in i ty ,  have nude ssvera l  investigations of th* usi of 
Hassayape Rivcr ~rzter  f o r  i r r i g a t i o n  and hcve ncde pri- rat^ r ~ p o r t s .  

1 

I n  1927, t h e  J. G. l lhite hngineering Corporation of New York, 
New York, m d e  a "Report on the  I l ~ r i c o p a  County I r r i ga t ion  D i s t r i c t  
Number Onev (now Arizona Water Conservation Di s t r i c t ) .  

I 

Or ?{arch 27, 1937, I"?. C. Lcfebr,, Chief Zngineer, thginbering 
Divisicn, S t a t e  of ~ r i z o n e ,  ~ e d e r d l  Emergencg Adniniatration of K31ic  
Works, mcde a !Field Report on Applic a t ion of Brieonn l la tcr  Conserva- 
t i on  U i s t r i c t ,  Docket No. 551.1r Thi: is: t he  most comprdhensive r e>or t  
p r a v i o ~  s l y  nade on tthe Hassa;mpa Prc ject .  Its conclusions a r e  b r id f ly  
suwparj 2~x3: 

(a) \!,?tar mipply of HZSSZ! mpa  River i s  adequate t o  sup?ly 
nceds f o r  i r r i g a t i o n  o i  ll+,L+50 z crcs  net, 18,062 ccres  gross. 

(b) I r r i gc t ion  works -will consis% gf Yox Reservoir, 10C ,000 
ec re-fcet c,-pscity; c l i v~ r s ion  dim on I i~ssc .yx.~?~ Iliv*r, ll+ m i l s  
dc-~~ms+,r -,-;I; ground o r  aubsurfcc: storage, cspccity of 20,500 
a( rc-fcot t t t t r c t ; ~  Eox i.~s.;rvoir mrl divbrsion dm;  m ~ n  cMa1, 
1' 0 c .f .s. cepccitty; l;ter??ls a? d 7.ra.ste di tch recovtirf s p t e n ,  

(c) 3stimatc.d cost  cn t i ru  system, ',.2,000,000. 

(d) Goners1 design o i  ?m;:oscd i r r i g e t i o n  works i s  tecb- 
n-.czLly sound, su:2juct t o  d ~ t ~ z i n ~ t i o n  of type of d m  t o  bc 
ct,nstructod a t  Box Caxon sits, 

(e) Tot& cost p s r  acre, :;110.73; with grant of 45 perc21lt 
f:-om F ~ b l i c  FTorlis Administrztioli bond dzbt per ccrz, ,>60.90. 

( f )  If c,:recment govi;min:: lznds donst-6 by J.  'd. :iitt~mnn 
i:: sf fec t ivs ,  proceeds f ron  s d -  end rental. of lc.nds donatsd b y  
!t15ttmaii inli service  bonds. 

(g) secur i ty  aiforded b;r rzt.drns f ron  l a d s  
doncted by J. U. !.ittm;nn sacurus safdty of Lo=. 

h report  by J .  A .  '.'r?.ps t o  W. 'i, Lane, Stztc: Engineer, St-te of 
xrizona, considers hydros1t;ctric power d;v~lopnent on t h ~  Ecsscympa 
River a s  not f d s i b l e  z t  tthet t i m e  (July 10, 1929). T n i s  r;lport dac l t  
with pswer e s  a sqx.retc dsv~lopment 2nd not connbct~d with i r r i gc t ion .  



T h i s  invest igat ion wzs nxle by t h c  Bureau of R e c l ~ ~ a t i o n  under 
au thor i ty  of Suction Fif teen of t he  Boulder Canyon Pmjec t  ac t ,  by 
which t h e  Secretary of t h e  In t e r io r  i s  ?.uthorized w.d diructzd t o  mcke 
invest jgat ions  md public reports  crf t h e  f c c s i b i l i t y  of projects  f ~ r  
i r r i ga t ion ,  generation of e l e c t r i c  power, and other purposes i n  tile 
St?.tes of Arizona, Nevada, Colorado, NGW Medco, Utah, and iPjoming, 
f o r  tho  purposi- of making such informition available t o  said States  
a d  t o  Congress, m d  of formulating a corrprehensive schme of cont,rol 
a d  t h e  improme~ent and u t i l i z a t i o n  of t h e  .dater of t he  Colorcdo River 
znd i t s  t r i bu ta r i e s .  

About 60 s e t t l e r s  homestealed lend i n  t h i s  area  a f t e r  'uiorld \Tar 
1 and t r i ed ,  unsuccessfully, t o  es tabl ish PA i r r i g a t i o n  project .  k t  
present., however, t he  pro jec t  a r m  i-: uninhabited. Tbis invest,igation 

uncertaken a t  t h o  request of Joseph ~ I J .  l i i t t nmn  md  s ~ t t l e r s  2-1 - 
t h e  A r i  zona ! i i a t~ r  Conservztion Dist r i  c t ,  v#&o h ~ v e  iogg labored t o  secure 
constr-.ction of t h e  projuct and hopec. t o  talcti advmtnge of t h e  avail- 
a b i l i t ~  of funds under vcrious work 1.e1ief ?rogrms p r io r  t o  t h e  war. 
The r a l o r t  presents t hc  nost  a t t r a c t i v e  p l m  f o r  u t i l i z i n g  t h e  f l o ~ s  of 
t he  Hz: sap.apa E v e r .  Consideration m.s given t o  importction of m t e r i  
f m n  t1 , ibutar ies  of t h e  !illims Xivc:r, t o  en,zble increase i n  t h e  ?roj- I 

e c t  a r a ,  b - ~ t  t h e  cost or^ such water ?!as found t o  ba excessive. 

D~: tClcd  invzst lgat ions  were na!e of all p h y s i c d  f e a t u r ~ s  cp?ur- 
tenant t o  m i r r i g a t i o n  p-ojoct 2nd i.crried t o  t he  point ~"irtere t:1e data  
obtain';d wc;rc: su f f i c i sn t  f o r  designs end es t imt ,os  of proj<ct works, 
a d  fo:. a , r icul turcl  md  economic anfij-33s. 

T1:e invest igat ions  incll~.ded tlce following: 

Class i f ica t ion  of l m d s  i n  a d  a d j a c ~ n t  t o  t h ~  p r o j ~ c t ,  
t o  deternine t h e  mount of s f i t s ,  topograpk.y, depth of so i l ,  
aid geni ra l  adzptcb i l i ty  f o r  ir .- igction fcmlg. 

Conplcte water supply stud:ies, including mcas!lrenbnts 
a .~d  estimates of flows of t h e  H:ssaympa River, stitdy of 

, c:~cnncl iosses ,  t e s t i n g  of thc  .mdergromci flov; c t  a p r e d -  
o-isly considered diversion drmsLto about 15 m i l ~ s  b u l o ~  the  
a!. .orafc reservoir ,  -,iztur requir-nents f o r  i r r i gc t ion ,  project 
divarsions, m d  r c s ~ ' r v o i r  o p ~ r a i i o n  stv.dies. 

S r v e y  of thc  Box ?.eszrvoi.r s i t s .  De ta i l  surtrsys of 
t k r e c  d x t s i t e s  i n  Box Cayon m.cl a divsrs ion dazs i tc  a t  tha 
Santc Fe Rail.,.~ay crossing be lo^: liickcnburg. Survey of 2 

c l n a i  l i n c  from t h e  storsge s i t e  t o  t !~e Project .  

Gcologiccl exmin-tion md  foundction e q l o r z t i o n ,  includ- 
i?g diamond d r i l l  Sorings a t  Eox Cmzron Dmsites.  

Difging of test p i t s  and smpl ing  of m?.tcrid i n  and cdjaccnt 
t o  Box Can~pn Reservoir t o  d~termin;: q u a l i t y  tnd mount of con- 
s t ruc t ion  z ~ t e r i n l s  avai lable  f o r  ear th  dam. 



Detailzd s5udy of plan of development and consideration 
of alt crnz.ti~-e p l & ~ s .  

Desi,gns of dms,  canals, and other  structures,  and e s t i m t e s  
of costs  of tha  proiect .  

Study of crops and crop g~1cl.s i n  a d j a c ~ n t  crLcs, and the  
zdaptction 05 i r r i g e t i o n  ag r i cu l tu r t  t o  t he  projcct. 

ACKNOI JLZf3,GAdDUT S 
J 

kcbo:vledgem~nt i s  mxie t o  t he  ass i s t? -nc~ ,  rendorcd by Joseyh :I. 
Wittm.n \.rho plzced h i s  bn t i re  f i l e s  covering enzin-ering i rves t ige t ions  
a t  the disposal  of thu 3urezu. 1.i. H. Gr i f i in ,  a residbnt of fJ;ittrr,:mn, 
krizonc, gave gcnerously of h i s  tqc,  mi pl-cecl. rccords of a&enci,;s 

i 

precedilg thij present i;rizona i icter c:onservrtion Di s t r i c t  a t  tho service - 
of thu ' h r i cu .  S. F. Turnur, H.jdr;ii . i c  L n ~ i n ~ z r  of tbi. Tucson Dis:,lict 
of thi; :eological S ~ u r v  - j  Ground i c tu - .  2usourcos Srvlch cooperat-d :.n 
t he  stu3y of unlorgrocnd flow. 0i"fi':icl.s of t he  licricopr: Coilnty rl.:ttr 
Consorv~t,ion D i s t r i c t  No. 1, t h o  2ucl:e:ri: I r r i gc t ion  Di s t r i c t ,  t h i  

I 
Roosavclt I r r i t c t i o n  Di s t r i c t ,  t h c  C: .llespic. Land end Cat t le  Conpa: iy, I 
tho  Southmrest Cotton Conpx:r, end t!:,: Liclt River Vd.lzy ;!cter User::' 
kssociction elso gcve m t e r i c l  csois.ance i n  thd pruparation of tk i . s  
report. 

I 
SF a c i d  achlowlcdgment i s  give. 1 t o  tiie i o s  nngelvs i ) i s t r i c t  

. - 
off ice  2f t h e  C o q s  of Znzineers, :he:- 3ep~rtment ,  f o r  t h e i r  coop~r . . t ion 
i n  sup:l.jing bnsic flood dztc xLd  e;-,izatos. 

Tkssc invcst igct ions  were ncde .>y +:he Projc-ct Plcrming Scct.io~; of 
t h e  h . x . u  of 3cclm-tion undzr t he  ~ii'ecfion of E. 8. ilebldr, H y ; l ? ~ ~ l i c  
Engineer, afid supur\$si.d i n  the: f i e l d  by 2ngintz;r 1.1. E. Eungi;r, p r -o r  t o  
Janucq- 1, l9!,2, a-d c f t e r  bg Enginex- K. C-. Rr;scK~&chcr. 

Er.,;inccring survz;rs including t(,pographic nzp:~ing, ccnel l o c c  .ion, 
stream g.ging, etc. ,  w e n  n ~ d s  by ~ s s o c i c t e  Enginuers 1 ; .  L. d. iios >r . . and M. 0. Skor.s, td. i;ssistant. 3nginccr :!. S. Gookin. Field ~ s t i x t e s  

:were ~ x . a p z r ~ d  by Pk. iiosur, 

Plaoject ic.nds wijr? c lass i f ied  u?dur t hc  s ~ ? u r v i s i o n  of Xeclrr?tion 
Econowist 3. Fogcrty. 

C-~;ologic i nv . . s t i~z t ions  ::er- nr& by G~ologist, 13. L. E-aton w d  
Assistznt Guologist J. ii. iiuraock u:l;ier t h e  s u p r v i s i o n  of Hezd Geologist 
F. a. M i c k ~ l l .  

Designs cnd e s t i r r i ~ t ~ s  f o r  3ox Cmyon D ~ Z  3w;;ri: : ~ d c  i n  t:;~ Giilvur 
of f ice  under tk.e supervision s f  J. I,. S?,vnge, C l h f  3isi;ning :!hgin~$:r, 



and K. B. Keener, Se,rior Engineer, Dms. Field dstirrates f o r  c m d  -. - 
and l z t ~ r c l  systcns r?c?rc r3vii;rl-d ;rd rvviscd i n  t he  D~nvur  o f f i c e  
under t h c  s u ~ e r s i s i o n  of 2. R. Pic3irney, Senior %.ginuer, Ccnzls. 

I 
t 

. 
Tvm prcviocis dr,zftseof thu r~pol" t  b~.vil b ~ a n  c i rcu lc t  ~d for  

coments. The f i r s t  1r2.3 prepzrcd b:r the  Hydrzulic Zngineer i n  D e r v ~ r  
! 

i n  August 1943, tho second by thd Raciond Diructor i n  PIovtrdoer 1945.' 
This report, wilich comprehends A1 cormsnts on t h e  previous draf t s ,  I 
w2.s prepared in t h e  itogioncl o f f i c e  of t h e  k r o a u  of E e c l ~ ~ z t , i o n  rt ! 
Boulder C i t g ,  Nivzea, u ~ d e r  t h ~  g t n s r d  direct ion of ilsgiordl Dirictor 
Z. a. Lorita.  Xcgionzl Tlmn+g Engine& E. G. 1Iielsi;n supervisLd t h e  

.I 
work, which wcs pa r fomnnd  by shginL;er T.  J .  Loonsy, Kconodst R. :i. 

Greffinius, S o i l s  Technologist L:. S. :;ood, Engineer D. I<. Johqson md  
Gcologlst G, D. Lasson. 

CWGImSG :UPS &j iliii":>rLKGS 
I 

FiLod i n  t h e  Itegiond o f f i c e  of t he  Eursau of Xdclx~ct ion ct 
%uldi: C i t j r ,  Ntv~dr., c r e  t he  f o l l m ~ i ~ g  m.ps znd drrvdngs f o r  t he  
Bassaylnpa Project :  

F i l a  Nmbcr m . 1 3 ~  il+-- Dc.te - 
3'2-11- L Prccipikrf ion Tr-n i s  ' Rcy 15, 1946 
3~-1-2 . h c a t i g n  Fcp Sept. 25, 191 2 
3H-10-3 Lend C1-ssificatio I July 1, 1737 . 
3H-1-!j G ~ n c r c l  bicp ~ e b .  25, 194: 
3.d-2-5. Yox Ccnyon Szddle 3 ~ i l l ~ ; q r  

SLte - Tops~rcpk: 1.izy 27, 1 9 ~ .  
3H-2-5 Box Canjwn Rcservcir S i t e  h 3 3  29, 1941 
3H-U- 7 Gro~~ndiratsr ? tu&i t s  ( 1  of 2) Feb. 20, 194'3 
3 H - l l -  Gro~tndwoLar Str.dies (2  of 2) Feb. 20, 194:J 
3H-2-5 Loiior Box Cayoil :itc - 

n L opog1'2pb~ ~c;.? 23, 1941 

.3E-2-13 Upper 8ox Canron L , z ~ ' S l t d  - 
rn 1 opogrqhy Mcy 19, 191;L 

3H-9-11 Box Ct.n;ioon D x ~  - Forrow P i t  Arc2 Hagr 11;, 1942 
3H-11-.12 kvzilablc 2unoff E.ecords J u n ~  ll+, 1940 
3H-7-1.3 Land Ctsntrship ~ e b .  4, 1943 
3H-ll-.14 Box Cm:ron 3cservc.ir - iirer 

Crprcity Curves Mov. 3, 1912 
3H-10-19 Gcnzrd. L~.lvcstigzt.ions - Lend 

C1rssific:tion i* P:cy 14, 19W 
33-11-20 Genssrl Invzstigct i on  - Drzin-gi; 

krea i*Lr;? - H:si:eyc'?.pa Rivcr June 2, 1 9 G  
33-1-?1 Gcnerrl I n w  sti@t.ions - Loc.:.lit,;r 

izis.p June 26, 19L;l 
311-1-22 Ginernl I n y ~ ~ s t i g r t  ion - 

Hcsscyxp:. P - o j ~ c t  k ~ ~ r i l  194? 
3H-5-23 Cross Svctions Bolotr Box C"- ~.ilvo , n 

Dm S i t e  2 1 1 9 U  



File E:uclber 

3H-li-24 

T i t l e  D:.t, e - 
bc.,. -son . of rlravdoim :;ells 
in ::asszympn Xiv9r June t o  
;.u~. 474.0 Jvr;e-:-ug.lSLG 

Ground ' ,cter Studi-,s - . . 
hzsszya~lpa Ziver 

GWi?erA ;lXzxresti~ations g i s t r i c t  
1.k~ I.:-.. -I' 1 ~ ,  1 y a  

General Investigations 3 i s t  r i c t  
1 . k ~  June 12, 1733 

Generc.1 InveHip?,ions D i s t r i c t  
1~:c.p June 1923 

Genercl Investigations a i s t r i c t  .: I,.>.? Seyt .LO, 1923 
Genercl Inves",gati,ors D i s t r i c t  . . ,,.''? 

'"I 
I hug. 6, 19?8 

Genercl In-restigct :ons D i s t r i c t  
;:c? i~ug.. 14 21, 

Genera  i n . f ~ s t i ~ z t  ions G e n e r ~ l  
i.;+ J ~ R . .  25, 19 :1 

r. I ' o p o ~ r ~ ; ~ ~ ? ~ ~ - P r ~ c i ~ i - - ,  a t  ion S t c t . i ~ n s  

& Strec2,-;;i ig S k : ~ ~ i o n s  June 2k, 19 .6 
i.:ain Cmd - Fro f i  Le a d  Szctions Feb. I&, 19,3 
U ? p r  .I!z552pi176 Z . V G ~  L'asin - 

Geol-o z;r Tzp I?? 19 ..6 
1sohyet.s - Tot21 ;tor= Preci-i tat ion 

Fe3. 10-17, 13177 Jurie 24, 1 7  +6 
Isohyctts - 71 1-slr ;.ez;? i.z:unl 

I:reci-it,.tio;l iC6G-lgzg June 24, 13 ..6 _ i o ~ a l  A Stcr:.? ?rzcipit;tion 

leb. 6-9, 1377 Juae 24., 1 7  .6 
Eox C~n;mn Z i t - .  - C?eolo;ic 

F'roCiles u , .  13, 19 .6 
7. Box Cm;-on 3a:~ ;if 3 - o?o:rz-;!-.:~ 

c. G c o l o ~ r  J-;.1y 23, 1 2  .L 
I)i&ri>ution !lr;::l: 3cter;:fi.a-L20n 

i'iood of ?eb. '7< 1937, S i l l  
- .. .~~lliz:::s iiiver (=-t i L;:z% j ~ ' ~ 3 ~ ~  7 ,, ~ ' ~ . . d  - - 

.. 
0:: I I .  - . L . t i o . i s  J , 3 -6 - 30:; C%;ywL: 2.:; -"-?ri-~.3>-sr::.L:~c..;e 

..re2 ..hove ;l27.et ..riz .-211 
T . . - - .  .. 1 ~ ~ 1 ~ : s  Jcne 11, 1746 

3 0 ~  Cz;;v!~ - :-Gra,,:::-3~zix~rc -. ..bo-:e i'l ;i: e? . x i 2  .-dJ 
. .. . . j ~ ~ l i x . : s  i ; i%-e~  > ~ q e  11, 1?!+6 

.- 
Lrmch of . ro j . Y ' l  2z.i:-ig - ?,drolo,;: 

. . uiv.-;i:ssey:;--Je -ro j. - 20:: 
c2:2:,:oi: 32T.l 

so;: C:;:lp;l 3;n - Area Depth Curve - 
I:axf~iium F.rg'o3.ble nail1 Stcmi~ 

. . . .  . . . 



Date 

3E-U-47 Zox Crapil L a  - iielth Curzt.ion 
Curve f;z;.i'i-ob. 32in S tom 
;fo- . D~.-: cu ,~he  ..--. (4-rez above 
M: Cayox iJoxij J,me 25, l?Lli6 

32illr;z:r 2es iEg  FboC st- Sox 
Gen:rnn 3 ~ 2  June 26, i,i.1:.6 

i'rob;:Xilit;- Gzrve of ?a& 
3Lschm.;es - IIz.ssz;r&~pc Liver 
z t  Fjor: ca:~;on 3,-r ;.ug. 12, 19J.6 

Sox C 3 n j . o ~  3~ - Glvelo:>t h r v i .  - 
2z.d- di&-izrLes - y . a c  & 3 i l l  
, .. b J l l l i x ~ . s  ;Aver 2c,ziu J y s m  26, 1;~:6 

5-LC-25- jC-1Lf Yekr ;-ro3c,ble 
Floods zt ?ox 2c;T:rori i j za  ~lug. 12, 17;s 

C-~crz.tions :,c:ie$lnle - 3ox Cc-:;.on 
* i'.eservci15 I J-m. 9, 1$&7 

:io:-.t>l~r zv,::.or .soon &r-<-es - 
I-, ;.ox c--;pr; .xss ;:-:3:.~ JL?. 2C, l?!)i .- Corr~lzt.t,io:l & ~ a s  - .::.sr2-,--7.-. c.i la ' 
7 .  

. . 
iilv.;r c t  so;: Czl;-cLl ; ; ' z ,~o?~-T.  J - % -  - .,. 15, 191!.7 

3?rcpor;r;io;1 Curvzs - >.rizoaz 
Stctiolls  J Z ~ .  13, l y ; . ~ ~  

2 i l e  ;>a:.ber - ": l i ~ l ~  A. - Dlte - 
57-3-24 BDX Cc.n;ron 331 - rr?ib:incr:i 

- 
ds:*h2.t e 

~. 
57-D-25 2ox C,-qron DLTI - tGc~zr>.l L'lrn 

?nd S~c%ions  - Shest 1 of 2 ~.ug.  2L:., l y  2 
5 3 - 2 6  Bo;; C;nyo:? irz-, - C- G. i ~ r  :.i :'lrL? 226. 

so&io.?s '- - ,:is :t 2 sf 2 ..cg. 21*, 1yi2,. 2 
57-2-27 30:c C;?;-or. ;an - I,o ; oi' L r i l l  .- r.olcs A?,. . 22, 191:.? 

57-%-1 302: 2;:1;mi1 2:r: s i t e  - topo:~.;;:;1;7 
( i n  12  s h d  5 )  3 ..:- -u. 1.3; ao-- C . - -2 . , 
ti,:, 03 ..JSLTVOli- 51 tS  - 

( i a  2 s ' ~ - . ~ t s )  T&. l$>:) 
-3 30;: Czr.yoL: ";<T_.l C jiyllrC.;- s i :  C - 

. . toA20~;-:::l;-.~. ' - n.7,- - " I.-.?. 2c )  L;, , . , 
-L; SZ$:. 7:; 2iv:rsios i>Lr: sltc - . , . . r ~ ~ s ~ i - ~ ~ o ~ ~  ;,r-:oz;c~;.:;~ kL;-r zc, 7 L -:- i , v i 
-5 Lowar :?c;; C-.n;an 32:: s i t i  - 

to,zozrr-;::y (ill 2 ;::iei.s) ..'LI';. 171.1 
-6 fiiv;i-sion J:~: - toyo,- - .- A .. . i,-- ..J j.z.;t -. 1 r: L 2  
-7 ~i:An C~-.??i-.l t 020 r.i-::-::~:- 

( i n  7 ohasts) S t .  1.$!:2 

3 9 



Su7?ortinx ktt~ - 
Tile follor,ing s u 2 7 0 ~ i n :  dt-lc, ;re o : ~  f i l s  i n  t>e  Regio~21 ofcice  

of t he  I3urzz.u of TLecl.z~~.tion, 3ouldcr CiGr, LC-r~clz: 

Volu?~d 1 - Yrc-vious Xworts. ' - 
Frovidns rspo-*,s b~ :i?ivr;te conci.rns 3 

3. A. i"r21, t o  ''..ri5onc ',.-tor Conszrv;.: ion 
D i s t r i c t  
-. 

3 .. 
J. G. !;hi:;e Lngiilirsr Cori>or:tion t o  i~ r i zona  

. . 1 
,ictcr Cor3orv~tlbn i l i e t r i c t  

.. -. , 

e 
7 7  . . i s  t o  A. .! . .. . . - 31 
, C,. Lefzbro t o  .:rizor,; :.;t;r Zo?,servztion 

D i s t r i c b  67 
,:.lbsrt 5. Crrna t o  i.rizoilr. :.?.%a Corsurvc.tion 

D i s t r i c t  I - 75 
Prr:vious rc;:orto bl.7 U. 2. 34rer.u. cf ,2ecLa~ction 

~* 
77 

i 3. jal.;zr, ;;"i;ld $7 
H, G. R;sc;-G~.-.c;?. jr, 2i;lcl. dl  zft IL8 

I;ldc:c of Zicld C.5;; - Field h o k s ,  
C.rz7 ..,1..s, ;LI:.?s) t.LC 16 5 

3c~;on 3, F r e l P ~ i n c y  . r r . f t  Sor iirvi-:r 190 '. 

Tro ject  Z l~lci:-.,z rq>s r t  3-22-1-C; 
L;i.-3tsl';cr $945 190 

A?pc:?iiccs f o r  r.30-ie r - ~ o r t  211 

. . 
V O : ~ ? ~  IT - Fro,j;ct Lr.nds; . ; r t c r  .Li..liits. p : . ~ ~  - A 

Lr3.d Cl?.ssiiicc.tion -. 1 
\ J L ? , ~ ~  F&!-ts 

2-- 
6 

3r.rizco .;:.tcr 7 
Ground .;rii.'ccr 7 
; :o l~ t i -~e  :;rioritie; of ri::hLs d 

C Hess:-r:ri%p~ ?Liver ;)ivsi-~io?: ;?ip:l'is o 

i)orin,-tr~;~:;.i Zig:?t s 11 
Ground l;r ;u-?.~ing Sigl-1 I 1 2  
Sf t f e c t  of .:so5 :;ct uron i)ehxstr-:i:. 

YAght ~f 2u:.q:ng D +.;el >:.:[:.dnt~ - :;L.~t.r ~ . &  X ~ l l t s  of 2:rizoni. . .  r.; ;r Consbrv.-tion 
13 

-. . D i s t r i c t  on Htss~?.-:c;l-?2 . ~- . lv ,> r  mi; 
1Cir:-:lad CrcA 2C 

Goo?!-,;,rsic~l .kirv;:- 32 - 
Zl~v:.+,ion of C-rnc;~d . ,-c.t g r  5 zt,i?se?. Li2.s ,S:-?C.::~P. . . 

L?C ..cvz T r i :  3 i v . x ~  31,. 
G u n  . i - Coo.  I i t !  i i ~ s  &9 
Rights of ; : z y  ;.p;>lic:.<-io:: o r  ;!:.s~..JG-;.;)z. t r o Jec t  56 

Xivei- C!?;=.;>:jl josL -3 

Undcr flm: - : i s c .  cxLr-ct s 
m r s i r . o  . . , : c  ~-x!rccts 



:.i?ter Xaq~i rozent  s 9 
Cli-.;c.l;ic 32tz 9 
Coniwlstive Lsi: 1 C  
Tzxp,r..turc 3.d ;r-icipit &ion ~t ~.!ittr~2nn - - . . t.7 
rrct~r Suplljr f o r  Fro j cct, i - ~ ~ i o .  by Hcrt l$ 

Zvcpor:.tion . . 
Evmor-Lion l o s s  iram 3ox Rcserwir ,  r2em ... ~byr-,!hrt 51 

- 
iiisc. ;I;.tt-- :nd c u r v ~ s  

. . 
120 

T?r.tcr Su?pl/ f o r  :<c.s;c;z?.p- Pro . j~c t  - i.cr.0. by 
7 . -  .iL:rt, 'Dc.cd!.~!~~r 1918 I 11~3 

S.:.udii.s n-ccss-ry t o  cor:i>l>te r,:?srt - 
H:.A J : . ~ u z ~ ; ~  1.941 

it~i:ss c-xvs 155 
Dt;riv?,tion 01 FLo-,,r of F:.ss .. -::LI:~:, J i v w  Yor 

JLCL~, ~ . u g ~ s t ,  ,.e:-;t;~ ibkr 17:;s 
Kl.rk1rr.G C r x k  Utiliz..tion - Z - t ,  July 19k.l 
H..ss,:y."~;i'~c R i v ~ r  7lp! rit ho:: C 3  yon l9lb-l9L? 
H, ,ss,?.;~:~li~i a i v r r  F ~ ~ T K  :I: !.'>lnilt C-iw-ov~ C 2% sit tc 

1716-1$2E - .  x:.S~2,;7.:lsi2>2 i i l v ~ r  Dr.21-, ?low ;.t 3ox JCL s i t e  - 
1916-193h a d  p:r.ti:.l -...~:.r 1938 

H.:ssa;c-r~:x. :,ivir flow 1916-1921 br c o r r e l ~ t i o n  
of l i r l x t  Crovi: cnd ciisc;~s.:icn of Sung-r 
ru-rLsio;i, i i t h  d;.'L. m d  cu:v-s - Hr.rt -. !::.tcr L ~ c o r d  i t;-vini. j - i f i t c h e l l  I Ivccinir 1939 

A :cur.-.cy of r~.n-of f r<cords of :c,ssz~-ip?. i i ivsr 
Kr?.nic!c Dcc.c;5~r  19L.C 

S-;or,?.;% i i ~ q a i r x i ~ n t s  - 
&-ono!;;ic lil5t of ::rinr.r? storc.,:~ cgJ..cit:r 

[l:ov::~'xr 19Qj 
D i f f d r c n c ~  i n  cost Set-;rcer 3cddlu :nd 
b n ~ l  ;pill: x.y 
3 ~ ~ ~ r v ~ i r  .- - o?;r i . t i~:~s  s t ~ 3 i . ; ~  (l?r-ii;ificrpj 

V~?lu;lc I V  - ;load Control. - -- 
-. Flood Control 3;1 :',rs3c;-?i:c-~r .:l-rLr - 1-::.I-%, J.;.l:? 1SU 

1"- ~n...~,,.. - ,.,...-. f1ooC ?~~~rc:?;:.-~k! 
1CC :.ecr flooti :irC;ro~r::--:l 
1 C  jc,-.r, 5 y ~ : . r  ::c& ,2 L . G . . ~  f1002 ~;~~FO:T>:;::S - - .  -, 

,, jlc]:<&ul-g sig:i;.!r~ 3 r i d ~ c  - 4t::; L disc? -.rge C-?.~VC 
S-ddle S7i117f:.y ro>>.ticg ;tuc;ii;s - %:pt Ftb. 17L2 > 
S;~ilL,rr.y Disch:.i-.-c curv.;s 
i i i ; .~-moir co i l t~ ,? t s  r.t bb;in:.ling, z t  ~ n d  of fioods 
Flood Routin!; 3tudiirs - 



Flood Volana Frequency- or' e f fec t  of i r r i g c t i o n  
Ccpccit:r upon Flood riolUcs 

Flood Sh~1d.y Dr,tn - 
Ind iv iduA Stor-:s 

Flood Volurz Frecpiunciiis i n  excess of 
Liisclicrgi; r&is 

Frquqc; r  oaf ;ioc~-~ Dej.ll;i ;'i.-.i: Florrs 
Flood Con-trol :,j3pvnc!i.x liLiviiiYr - Xter, D~ce~::b~r 1942 
Flood CoirI>ut,:,tions by J. p. R i t B r  
U. S. S n g i n a r s  ilesizs ~ l d o c !  
Flood control  i3cndi ts  - SLion Lishts, U. 3 ,  

. . 
2n,l?ginscr Corps, i.-zrck 19!4.3 

Dcblcr cild Z i t  ir co~ix~ent s 
D:m-,gi: Fl-b~;uincy Curv,>s - 'J.S. h g i n ~ d r  Cons  

I 

Box Crayon D s r  s i t e  p h o t o ~ r q b . ~  1 
Goology c.t 3r;lt- Fc Sridgc 3 
Lc,-.k:,gc cmunci D iv~r s io r ,  L a  s i t < ,  Xi;:ton, 1940 5 
~ o ~ * i a r  3ox ~zn-,on topo~r~:?;.y (6rz.>inL) 9 
U:>?ar a x  C-yoz to:-rogr;p$- (dr l : inEj  10 
Borrow l - i t  i ~ r s c  to$wciq~:':. ( d r a i n g ;  ll 
Szddlc S2illvc.;~ to-,ogr-?$ - (c?rc~dn,rr} 12  
Suriinzry of rii:.ort s :nu logs of d r i l l  :loles 13 

P l m s  a d  -st%x.t 2s : 
i i l t o r n c t i w  iJl tn of Dovclc~~ment - 

z s c b . c h r ,  l,I..rch IqW 69 
Othor ?roj,ct Usis 10e 
Pro j i c t  \;arks 

.aca  ;:d C q c c i t y  ll0 
Prsl$:Ar,cry d&s igL  :A!C -stk..c;:c 126 
. c ,  8 - ; b 1 1 1  11>0 
1,icin C=;J ssti;.;r.tc ;*.s r ~ v i s v d  b:r : ?o l fga~s ,  

Fcbn;cr:r 21, 19ib3 1411 
Lr.turz.1 3ystilr:i i3cvis:~on - :.olf&~n.g, 

,?c]br~cry 20, l71+3 
. . 

,147 
3orxs t ic  tt:tcr wstG:l - :;olf:.~~g . ~. 

155 
. . TziS. ricOa~ curves, 3lx. G r ; - . p ~  -Dim sit  C 

EIZIUL;~, ‘-.U~XSZ 1 9 0  1 ~ 7  
-7 irox Ccx~fin 32.; s i t c  - irisfit by $:.v..zc lj?d 

S.iit.h, .%pi1 l9l+Z 193 
Ccdlo-d of scz& c:rril;d b:,- r i v i r  2G0 
Requost f o r  &st.iric.tc Scptx!bzf 19W 202 
2s t i~ ; .c tc  of $ e s ~ r v o i r s ,  3cccnber 194l ,213 
3?illir?ys - 2cConc:ughy, D<smbur i9LJ 21L:. 



Boi.3krr~osk curve of D m  .- 
Eox r<escr?oir, :!~t .tlr .>u?-l:r :or construction; 

.*i;grip-?.tc& r.nd clu-rinz - Bu~ger ,  190 
aril1 - i - 6  .., 7 . r o g r m  - Dsblcr * J\ll:r 13W 
i.r<>i-ovdxnt s i n  Ri;survoir ..ra - &.ngzr, 191.i 

r.gricul-:crc :;?C Aconor;lcs 
Po;pul:.5ion - - 
! ,,,r , -  Inchstrics,  Lr:;ldkg T i ~ l t i  
L a c  9:.xzrs:ti?, Tr;:??. i.nd ;.ior'~S~-.g~s 
C r o p  I 

~ ~ ~ ~ r ? i s t , r : . t i o r .  of Trojcci;, FL1.1-i hit Size 

v ~ ; - ~ ~ ~ ~  VI - su~330:+i>g a:.:? f o r  19~6 St,uditis. 

L a d  1  

Lcsrd. c l - . s s i f ic~ . t io i i  :.I.?> -~-'s!:o-.<ng or.-: hy sici.ions 1 
SIL~.LTP.~~ 9f ..Ci5~2.gZ i n  iZrojr:?, . 2 
Suimc;ry of I-.ri-:.tcl ..cr;~.g : o:l r i ve r  4 

tl.z-,cr - r i ,ctcr A?~qv.iri;:c;?ts fo r  H.:.ss ~:-.z::?.?c. ?ro j ~ c t ,  rG..io - 
f ro2  Loore;r t o  Lg ionc .  rl?.r..ikg inzin2sr  
dL..t;d I2;- kc!, 19&6 6 

Crdcr gr:-?tin: e:rtirision of rr:.trr ::cr.;it 10 
i)u.:liL-p VI or' r,?.?,zr, p~rc~:lt:.g ; of s~6iur.l 11 
?.evis~d li,-.tcr S - S ~ p i P  stvdil! ; ;.LTC:I \1. ixpr i l  1716 1 2  
Fin21 SUX:L?.~- c f  r ~ s o r v o i r  >7rr?.tion - .  13 
2s t i ; r r . i~  of ?lair :t 30:r C:n -en, i.:~r:o Looncy 

t o  : I i c l s ~ n  39 
Rmnf f c;?d ?r;ci;sit:.tion a:. . c  1,3 
R ~ x r v c i r  6:>--rrtio? stud21 ,;I;, %x k7;:on 

!I !I I1 l f 7 )  I 1  t i  
$9 

I 1  11 Ii 3 I! 11 
117 
133 

~ o r v i c c  153 
I i o c ~ n n c i ~ . r z n c ~  :'q?ort b7 ;;z;ionr.l 2zrk 

j,rvicc 161 
D c i p s  C: < ~ t i r ~ ~ . i > i ; s  i. . ~ s c .  6cic P:I< i?s5jz;t.~s r.23 cori~s:;o:-:de?ce . , 

163 
G p c r ~ t i o n  ;md !:.~ii~t L;I=:c~ cost 0s-  us 15.2 
DztnrL;ztion af ico:lorr;ic:; stcrz::~ cz.p:cit;' YL 7 

Am. s .?~cu~l tur i  . :n<. <cn;lo,..-' ,.Its 
T--- '"A. . -. iA.-es . :~ . r icc~?.  2 P 2 . 1 ~ 1  ; o . ~ - ~ t . i ~ s  - .  196 
i . . i ~ ~ - ~ ~ ~ . ~ l ~ o ? A s  duqzzt itc:.~ c.:.~ *-'-- :.z.r~:-~ 

2 -L'---" 22, 
l 9 i  j 199 

i.liscciic~loous ;ri;et it,zi.s, f i n d  stu6y 22C 
Lxd h . . ~ ~ - r s :  223 
C l ~ c . ~ i r g ,  lr-r21in.3 Y.C f :..fin di tch  costs  253 
Lsgcf, ..s:7~cts oi iii.st.rict. O;.cr.:-Az.?c.tion 255 



Volmno VJ.1 - 'Joidcd Studios cnd D:.tcl. 

iTctor Supply: A 

Cost rqci YiclC C~?mris - 
i(ds;rvoir Opr - t i on  Studies 
iircn Cqx.city Curvc 
?ro j s c t  .;rLz 

i: Correl?l:,io:~ Curvds - i - i i t ~ ~ t ~  Srovd =id %x 
R6eirvoir C;p&r.:tions, R ~ v i s i d  
01c1 ~vc;>or::.tioJi~txmGs 
R,srrvoir Oper:.tion - ;Icrio - Gookin t o  

3x~gclr x 

Dxctcrr:xL~~.tlon of ;tor:.:c C:.? ~t .tax 
(Hart, il-rch l?i12j 

S~co:?dcqr Xrri;c.tiofi -- %.rt 
Sec%~.~.c.rj Stor.:;,. Cost :cc! Y i d d  
2cono1.&c:l Zo::.'A:?;.tia. of ?rki:r;r z.6. 

Seco~?<~:,ry S%~r:.z,: 
C;1:;zciti~s, Y<;lc',s, a d  Costs f o r  F r k c ; q r  

Storcgz 
Cost cs'ci2;.t;3 f o r  v:.~iw.!s ilrig:?ts of clzz 

?.t 30:: C:.::yo? 
Lct tdr  t o  iiis?.rir oil :<c.ssr.:::i:~s:. 

?J~-."L k A L  of ::ov~:::a. r 1, l 9 & )  , 
Vo LLLTI~ V Z I  - YoicixI ,~t:xl:?s :.n. d:>:.:., - - 

iir.t.~r 3q;;ly: (Coa2;iim-cI) 
Piq;lillin:.qr stor:,.;.;. n t r v ~ s  
Dz-d Ltorc~,: ;r,cuirx,;.,.ilts - X:.rt, 

J U ~ O  1 9 1 : ~  
Distri'~'~.L,lor, of T r i ~ n : z r  J4:l:.nd 
T iLaq~irr?d st or^='; C.::3:1:iL:r :.t 30x lltisirvcir 

3clc.t.tion of :i,;ld ?nd cost t o  i : c s ~ r . ~ - ~ i r  
Cq:ci2i;r Curve B.o:rj.ng 3,s~.lts - , . 
LC.-rt, 1,crch. 1912 

Z o x  C:n;.oii Dnl Cost Cl:r?- 
- 7  3oconC;:i-:r 1.::- ~r A 2 . ~ ~ u i ~ ~ ~ i ~ : i c n t s  - .;EX%, l9L:.2 

Sccondcr;- I r r i ~ ~ t i o n  L>uy?l:t - krt, 19!:2 
Xcssrvoir 07-1--tie:? - I<:.&, 3<:7t~c'ccr 19&2 - O?lr:.tio;3 C1:crt - Cri!.ic,-.l ? ~ F o d  - LQ:C 

iir?sUr-mj.r 
O>Gr.'cion of >ox . : ,su~-i~slr  - :i:.rt, 15!,2 
.':;I:-J:.~ &t~iz.:.q: c: C i - i t  ,- i c- -- 1 i --- . v i  od >iv.5ibs 

c t  TIC: . . 
' u s  Cori~:-:its on I ' l .  ns ,; 9, 

ccto> -i. 1'' 9 . i- . . Op-Fr.tion of ?ox . i~s,t.voir ..<.lo - Knrt t o  
3 J r ,  Ccto:>or lOL:2 

- .  3,:sirvoir i;>.+i-r.tioli, c :  lP i .2  
F i n 3  *.<.s:~t-Z .r~v-r.jcir L:>-,,rr.iFon, :oo!rAn, 

1c/lc3 
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Table 2 .-- Gro~dng season a t  JTittmann, Arizona 

Year Date of Kill ing Frost - : Length cf Frost-free 
:'&st i n  Sprini: : '+;rst '- i n  F a l l  : Period i n  D a y s  

! 

1923 - Dec. 12 - 
24 : March 16 ; Dec. 1 9  ,278 
25 : Idarch 12 , FTov. 1 5  248 
26 : March 11 : DSC, 16 280 
27 : Jan. 26 Eec. 7 3 15 
28 : Feb. 16 Cec. 20 308 
29 : !Larch 25 Nov. 14 234 

193 0 : Feb. 25 i Eec. 18 296 
3 1  : Feb. 22 .' Nov. 23 27.4 
32 : Feb. .4 Cec. 11 3 11 
33 : Feb. 21. Dec. 17 299 
34 : Jan. 22 Nov. 29 3 11 

1935 : Feb. 27 1)ec. l/+ 290 
36 : Feb. 8 : I Plov. 4 270 
37 : March 19 Dec. 22 278 
38 : I":SITC~ 31 rrov. 13 227 
39 : March ll Jec. 27 2 91 

1940 : Feb. 17 Dec. 1 5  302 
lt1 : Jan. B Dec. 25 : 341 
42 : March 25 3ac. 25 274 
43 : Feb. 12 ?ec, 30 321 
44 : March 29 fov. 26 242 

10'15 : Fe5. 22 qov. 20 -- 2 7 L  - 7 g - -  - fiver; Be : Fs5. - :ec, a 265 - 
Prec: i t a t i c n  - 

Recorded precipi ta t ion a t  Kit tmann (Table 3) has average'! 
9.85 inches annually, of vhich 7.; 2 inches f a l l s  during the moE.hs 
of February through Novsmber. Tat)ulated below i s  a comparison rith 
t he  .Iverage monthly precipi ta t ion a t  Phoenix (45 years record). 

Average Frecipi ta t ion i n  Inches: 

U0bor;t 1 

Janulry 
Febrlary 
Marc3 
Apri l  
gay 
June 
July 
Augcst 
September 
October 
Noveniber 
December 
To ta l  f o r  Year 

Pcritt mam --- Phoenix ' -- 
Oa81 0 . 5  
:I-. 3 0 0.69 



Table 3 . -- Preci~itation at :!it+.l;lann, Arizona. 

. .  . 
1924:0.~0:0.00:1.0~:0~3~:0,10:0,00:0. ~~:o.oO:O~~O:O.~~:O.GO:~ 4.5; 
25: .05: .02: .06: .51: .OO: .21: .26:1.jG:l.23:2.02: .lc:: .14: 6-28 
26: .06:1.36: .5.2:&.45: .GO: .00:2.?C: .00:2.63: .15: .L5:3.75: 11.15 
27: .15:2.E~: .9a: .7c: .15: .12: . j1:2.16: -45,: .k9:1.?5:1.~c: -L4? 
2&! .02:.1,ll: .G5: ,oG: -07: ,.00:1.$9: .63: .52: .YO: .G7: .73: 5.21 
-29;lr19: .50: .1.2: .30:; .GO: LOO: .25:1.12:3,9G: .GO: -01: .GO: :;;.,(j'i' 

1930:1.60: .20:1.$5: .5:: .73: .15:1.26:2.~5:1.2l+: .29: .t5: .O2: =.I3 
31: .16:5.06: .06: ,561: .2$: .G0: .51:6.62: .23:1.12:1.3G:2.ili: B.39 
32: .33:3.0L: .GO: .OC: .CO: .C9: .Sb: .32: .15: .'is: .00:2.3?: C.69 
33:2,Ll: .lo: .GO: .97: .13: .16: .:6:2,6j: .6G: .54: .TO: .03: 9-29, 
31;: -29: .53: .03: .W:1.06: .05:1 .;2:1,77: 26: .LO: .1;7:1.117: 6.k7 
: 2 . : . 1 : 1 2 :  1 :  0 O : l G : ? 6 6 : 1 :  0 :  7 2.: :L2.?0 
36: .59:1.1!+: -22: .L'C: .OG: .CO:IO:1:l.?7: .53: .1:1: .66:l,$b: 7-69. 
37:1.53:l.j$:l.L1: .OC: .05: -16: .il: .21:2.20: .LO: .0G: .5h: 0.97 
33: .L6:1.137:1.35: .OG: .C3: .GO: .!5:1.13: .22: .GO: .CO:?..3O: 7.i01 
39: 5 : 5 :  12: 0 : : . l : l :  J : :  . LO.$ 

19i.o: .c7:1.~1: .oc: .~.7: .c5: .a: ,!9:1.:.6: .~4:2.~2: .~3:4.oi,: io.96 
~ : 2 . ~ ~ : 2 . 2 3 : ~ . ~ . ~ : 2 ~ ~ 2 : 0 . 2 2 : 1 ) ~ ~ ~ ; : ~ . ( 2 : 0 , 2 : ~ . 6 : ; . : 2 . : ? .  13.35 
~2:0.j~:1.~2:0.~~:1,~~:0.00:0.~0:l.i~:0,~0:0.1j:0.17:C.2C~:0~31~.: 7-34 
43:1.~15:0.23:3.~3:G.5J:O.iG:C.CO:C.:2:2.25:1.59:~.13:0.C~:2.OG: 2.72 
~4:0~~:3:2.i~!i:1.Gj:G.j$:0.22:C~O0:1.(0:0.1~:1.~E:i)~27:1~53:O.~~: LO.11 
~T:~,;.~:G.~~:~.~~:C;.OG:O.OU:C.OC:~.: 5:0.62:0~00:1131:OO~0:1.3_~: a,73 

kver:O.il:l.~0:C:.;~:0.3~:0.1~:C..OL:C.~~:1.50:i.1.0::~.j0:0,j3:i.32: 9.C5 
I~?t:~~.i~:C.1l:O.G7:C.i.6:O.rj2:C.CO:O.~G:i',12:0.1C:3.~~:O.LL:C.~~: 0.c2 - 



F i r s t  e f f o r t s  t o  !ximess t he  e r r a t i c  and flashy R a s s a y a ~ a  River 
were nade i n  1L83 by placer  yo?ers.  I n  order t o  furnish 'rater 
power f o r  %he operatioas; the  Lalnut Grove irater S t o r q e  Con~an;- :res 
o r g ~ ~ i z s d  i n  3386, a".d -.alnut Grove' near ;.azoner i81as coz.1 Leted i n  
2.8e.j.. T h i s  Tias a rocckfill da?? l l 0  f e e t  high (the f i ghes t  d m  LI 
United S ta tes  a t  t h a t  t h e )  ar~d provided f o r  t he  storage of 10,660 
acre-f e e t  of water. 

fin extrer~iely high runoff ?OK melting snow occurred i n  Febx7ar:r 
16?0. The incom~leted s p i l l ~ ~ a y  was unable t o  carry the  fio:i -26 t:ie 
dam failed a f t e r  being overto?ped f o r  &a hours; 129 people l o s t  t h e i r  
l i v e s  i? the  flood. 

After  t he  destruct ion of t he  da.. t h e  cor.lpany \rent intc ,  the  har.ds 
of rece.ivers, and i n  June 190S, aid i t s  asse t s  ?rere t ransferred t o  
Zleanor C. !;ittzam of i'lac York 'Jy a :Iaster Con?lissioner1s 3eed. In  
1910, i,Irs. :;ittrnam e?nployed engineers 'i.0 r e ~ o r t  011 t h e  faasibi1lt:- of 
using t s e  waters of t he  Hasszympa f o r  Tower and imisiition. On Jix- 
uary 1, 1914, t he  day t>.e Care;. hc t  bscaze efTective i n  nrizona, 3l.e . 
f i l e d  a.2 a?ylicatioil t o  ~.itkciravr 17,C30 acres of land near I.Lorristcm 
t o  be i - r iga ted  froiu t h e  I-!assa;?aqpa 2iirer. T h i s  a?plication vss 
granted on i ~ p r i l  14, 1316. 

-p?licatior.s for  rights-of-xia;~ f ~r reservoi r  a id  d m  s i t e s  ii 
t h e  Box Canyon, and f o r  a canal &or.:: t k e  r i v e r  over Governnent l a d ,  
had bee!; mace i n  1910, These r i~h ts ->f - \ ray  a ? ~ l i c a t i o n s  ?..eve nevel 
been de.lied and are presu;ned t o  be i n  force a t  the  prasent time. 

E n ~ i n e e r s  f o r  iirs. iiittr,lana made surveys, estzblished gagiL?g 
s ta t ions  on t h e  Hass~;.pnpa t o  deter..fi.ie wl~ether t he  cor.struction 05  
a proje-t  was pract ical .  

An appl icat ion f o r  a p e m i t  t o  us5 ;:rater from t h e  Fassa;?x:~~a . 
River ~ 3 s  f i l e d  > n t h  t h e  S t a t e  :rater Cormissioner January 1922, by 
Krs. Eleanor :icn Bearen i;ittnznn. 1: group of homesteaders i n  t he  
v i c i n i t y  of Madab~rg (now ' i ~ t t ~ a n n )  organized the  i iadabcr~ Irricati-on 
Distr.ick> i n  June 1723, a d  also agpl ix l  f o r  a > e m i t  t o  use water 
from t h a  Hassaym::a River t o  i r r i g d t e  about 25,OCO acres vrithin t h c : i r  
d i s t r i c t .  The S t a t e  i iater CorI:-Sissioner decided i n  favor of t h e  ,Lilt-  
nann i n t w e s t s  because of t h e i r  ininzncial a b i l i t y  t o  construct t h e  
project ,  and issued t h e  permit on i.iarch 5, l92k, t o  Joseph ;littrr.ami, 
a s  i3lea.ior Van Beuren !>;ittmann, h i s  wife, had previously passed ay,~rs.y. 

nn agreement was made between Joseph Yittnann and t h e  Djadaburg 
I r r i ga t ion  Di s t r i c t  i n  1928, !.herebg the o m w s  of t h e  land i n  the 
i r r i g a t i o n  d i s t r i c t  deeded t h r e e - ~ ~ u a r t e r s  of t h e i r  >.and, about 12,000 
acres, .to ? j i t h & r n  f o r  t h s  t r ans fe r  of t he  :.rater r i g h t s  fror.1 Caray 
hct  lands t o  d i s t r i c t  l a n k  on the  s c p o s i t i o n  t,;:at hs :;auld yocaed  
with t he  construction or" t h e  i r r i~3a t ion  systm. f o r  t!ie e n t i r e  project. 
The tra.isfer of '<he ?raker r i ~ ? t s  f ron  Czrep ,.ct3 1;lnds t o  dis t r ic t ,  lands 
w a s  approved by the  United State-  C-cneral L a d  Office orl I-q-  19, l92G. 



The nm.0 of  Nadaburg I r r i ga t ion  D i s t r i c t  was changed i n  1929 
t o  t he  ~ r i e o n a  'dater Conservation Ui s t r i c t .  

On l ip r i l  211, 1933, t he  Arizona Later Conservation Di s t r i c t  f i l e d  
an a;3pUcation with t h e  Recoi~strilction Ti'insnce Cor2orztion f c r  a l v i n  
i n  t h e  sum of ;':;1,?25,000. This ap~k.c;.tion vas l a t e r  trusfer-:ed %o 
'tho iub i i c  1 o r b  ~ .&in i s t r z t i on ,  ii su~pl~xs;al  zu~3lication - - ?:-s Pi14 
with t h e  Rlblic !larks x&i,j,nistration i n  Goveaber 1933, t o  coniorri; 115th 
tke'i-equirements of tie IJational Recoverj, 4-ct, and chiagcc' t h e  ;r,.pmt 
of t > e  requested 10x1 2nd p a n t  t o  ,)2,35i),C00. The s t ~ t e  en,zin.:e?s 
f o r  t he  k b l i c  :iorks ~ d ~ & z i s t r ( t t i o n  V J O ~ ~  not a p r o v e  t:?z pa%, w:.e 
of tile reasons being til?-t t he  .project i-ppared t o  be 1ar;el;r c is:-xi 
pronotion sc;lene f o r  one in tezcs t  . 

Thc d i s t r i c t  f i l e d  aaen&ieent t o  t h e i r  ap::licstLoil t o  the  
public '.ior!:s i:&:ir.istration i n  Sey;ter.ber 1736, chc?:zing t h e i r  .?l?.c.: 
sone;rhet and a?.&siilr %he hib?.ic :;br~:s , ~ W n i s t r a t i c r  t h c t  h'itit.tilicai 
would d e ~ d  the  d i s t r i c t  7,500 m r e s  c t f  l;d. t o  be sold t o  ?:alp ret:..re 
t h c  bocls t,c be F s s ~ r ~ d .  The t o t 1  a& of t;le project w8.w the  aiended 
ag~i l ica t ion  was estii:lcthc! &$ .,l,tL;l,(!CS. The Public i!orks , ih i r , is .  r c t -  
ion app-oveC the menSed a p p l i c ~ t i o n  5ui  r.0 z.11ottr;cnt TAILS t;nde 'o1.t 
of the 1932 zp?r.onri~tiox. T?e Zis t : . ic t  r:x.e zxj l icr . t icn t o  eh3  
Reconstructioil F i x i ~ c c  Cor;.orr.t,ion i!, Clctob~r 1932, f o r  :I l o w  of 
i2,000,5CO t a  conStr~.ct  'ihz ii-i-igt.tlc.r? ;!arks cs  s t t  fo r th  in t h & r  
a?~lFc:fior. t o  t he  f i b l l c  ;:or;:s .LcL~L~~.is?.r~+.ioy., b1l.t ti?c c:~cv.ti:.c 
comdt t se  of +,he ~rccor?structior, Fi:?;?i,ce Goo;-?~;.~tion riF~siru^;d t.hz 
~ 9 1 j l i c ~  :ion f o r  t h e  lozn. 



AP?ENilt B 
PROJECT UEIDS 

;PROJECT LANDS 

General D e s c r i ~ t i o n  - --- 
The Hassayampa Project  consis ts  of a port ion of the lands OCCUPY- 

ing  a large,  gently sloping vpl ley p l a i n  bomded by the Wickenburg and 
Hierog;yphic Mountains on the 'north,  t he  \ k i t e  Tank l&ountains on the 

1 
I 

south, the Hassayampa River on the west, and the Agua Fr ia  Rivyr on 
the east .  Project  lands l i e  i n  a compact body a few miles west 0.f 
w i t t m a u l .  I I 

The most dominant physiographic feature  of t h e  area i s  a 1ar:e 
a l l uv id l  fan, b u i l t  up a t  tile base c,f t he  enclosing mountains. Tie 
fan i s  exceptionalllj snooth-surface? and uniform over most of the  
projec.  area,  t he  surface being brohen only by tho drainage chann?ls 
of sma r l  in termit tent  streams and occasional small lovr ridges. Tic 
d i r ec t  con of slope is s o u t h ~ a s t .  

G:ologic materials fromwhich t h e  s o i l s  have developed consist  
p r i m a r l y  of quatercary a;luvim, p l inc ipa l ly  t he  outwsh debris 
derive1 from igneous mountain rocks. T h ~ s e  alluvial-fan dzposits 
cons is ,  of angular and rounded sands, gravels and rock fragments, 
which ire predoainately gran i t ic  anc qua r t z i t i c  i n  origin. The 
d e p o s i ; ~  are  several  hundred f e e t  or more i n  thickness over the  
basirme lt igneous rock. 

So i l s  - 
S3i l s  of t h e  pro jec t  are  a l l u v j a l  i n  origin, and have develmed 

under I hot,  a r i d  c l ina tz ,  resultink i n  such charac te r i s t ics  as  a com- 
p a r a t i ~ e l y  high dagree o l  oxidation, l i t t l z  or no leaching of the  
so lubl?  consti tuents,  acd a very lou conttnt  of organic matter. The 
mature s o i l s  generally have 6 dis t i r .c t  reddish 'or  pinkish t inge,  2nd 
f o r  t h i t  reason a re  iden t i f icd  a s  belonging t o  t he  Red Desert gro* of 
so i l s .  Vzriations ~~rhrhich occur are  ch i e f ly  i n  s o i l  texture,  al tholgh 
nearly a l l  of the  s o i l s  a r e  l i g h t  textured. In places vzribble anounts 
and s izes  of rock fragnents and gravdl occur on the surface or  thcough- 
out the  p ro f i l e .  On tha basis  of age, there  a r e  two main groups of 
s o i l s  i n  t he  project :  (1 )  old a l l u ~ i a l - f a n  s o i l s  and ( 2 )  recent 
alluvi.hl s o i l s .  

Old al luvial- fan s o i l s  cover tl-2 major pa r t  of t he  project  area; 
these s o i l s  have a surface l a y i r  c o r s i s ~ i n g  of about seven inches of 
l i g h t  brown o r  d u l l  reddish-brown sandy loan t o  heavy si l t  loam, e i t he r  
not calcareous o r  only s l i g h t l y  czlcareous. Belovr t h i s  lag-er, and con- 
t inuing t o  a depth of about 12 or  15 inches, is 2 f r i a b l e  dull-red or  
reddish-brown sandy loam, s l i g h t l y  or. d i s t i n c t l y  calcareous. The upper 
subsoil  l zyer  i s  a dull-red or reLdish-brown, compact, cloddy material, 
someuvhat heavier i n  texture  than the  s o i l  abova it, highly calcareous 



and mottled with gra;? l i q e  f lecks .  This layer,  between 20 and 30 inches 
b e i m  the  ground surface, merges i n to  a dsaper subsoil l a y ~ r  of compact, 
grayish, g r i t t y  loam, highly calcareous and weakly cbmented with.lime. 
I n  many  laces t h i s  layer  ccntinues with l i t t l e  change t o  siu. f e e t  o r  
more i n  depth whcrc it g r a d ~ s  i n t o  t he  parent m%terial of r ich  bra?,n, 
f r i a b l ~  c r  loose, f i ne ,  gravelly 1os.r and coarse sand par t ic les ,  both 
angular and rounded. The parent materials, hoviever, are  often found 
throughout the  prof i le .  In  some places s;nall rock fragments are so 
numerous on the su-face thar, they w i l l  i n t e r f e re  with cu l t iva t ion  and 
w i l l  require  clearing.  

7 
The surface of these old a ' l luvial  s o i l s  absorbs moisture readi ly  

and in t e rna l  drainags is good. Though generally f r ee  of harmful 
accumulations of a l k a l i  s a l t s ,  a few small araas are  s l i g h t l y  affected.  
The org:.nic nat ter ,  nitrogen and avai lable  phosphorous content is law, 
but thir ,  condition may be rcad i ly  corrected by the sddi t ion  of gretn 
manure crops anti sup<rphosptiate. The s o i l s  of t h i s  group, with the 
excepti tn of minor areas  covered with excess swfaca rock or  comprsed 
of coar:.e szndjj rnat6'ialsJ a r e  dtlsirable f o r  i r r i ga t ion  and vi-11 s l ~ i t e d  
t o  t he  ~aroduction of the  cro2s cormon t o  the region. 

Rec:ent a l l u v i a l  s o i l s  border the  drainage courses of t he  intola- 
mittant streams, or  marl: the old c v x s e s  of depositing stre&Ts,  an^: a r e  
of snal:. extent i n  e?ea. The swfzct: so i l ,  t o  an average depth of about 
8 or  10  inches, i s  l i g h t  b'o~~ni, dull-brown or  pinkish-brown f r izb l t :  loam 
or  sand:- loam underlzid by s i a i l a r  mz t e r i a l s  which are soxzVTi1&t no:.e 
ca lcars~fus .  Soms u-vuathercd f inc: gr 3vel &nd sand &re prs~sent thr ,~ugh-  
Out t he  e n t i r e  p ro f i l e .  Coarsir, mors porous s t r a t a  occur i n  the sub- 
s o i l ,  ?..though co.qact lsyers ,  vch i~h  probablj represznt an oidzr st)il 
covered by =ore r c c ~ n t  ovenvash, a r e  sometimes found i n  thc  loser  ] a r t  
o f t h e  :;ubsoil. Drainage is good ant accurulations of s a l t s  are 
geIm-hl:.y absent. The water-holding capacity i s  f a i r  and, wkere ni:t 
affected by excess surfece rock or  gravel, t he  s o i l  i s  desirable f o r  
i r r i@t:_on development. As i n  the  mature al!.uvial-fan so i l s ,  the, 
organic ~ a t t e r ,  nitrogen and avai lable  phosphorous content i s  1oi.i. 

Topography - 
The: topography of t h c  pro jec t  lsnds i s  highly sui tabla  f o r  

irrigat:.on. The i l l u v i a l  fans slope s teeply f o r  a short  d i t i n c e  
from thi$ base of t he  h i l l s ,  bct on tne  project  area they merge in to  
gently slcping, smooth-surfaced, unifom t r a c t s .  The slope ranges 
from 15; t o  3O f a e t  t o  the  mile. Only a modarats amounti of level in^ 
w i l l  be necessary t o  prspzre the land f o r  i r r iza t ion .  

So i l  and topographic conditions on the  project  a r e  indicative of 
favorable drainage, both surface and i n t ~ r n z l .  The gen-ral slop: znd 
natural  drainage channcls provide sa t i s fac tory  surface runoff, and the 



sub-snrfz.ce drainage is good due t o  t he  open permseble nature of t h e  
subsoils. There a r e  no poorly drained areas on the project  l ~ n d s  a t  
the  pzesent t i i n s ,  and such condi2ions are  not exptcted t o  devclop ex- 
t ens ive ly  follov~ing i r r iga t ion .  &iy draim.ge nedded w i l l  be of s n a i l  
extent  and ccnf ine l  t o  loca l ized  areas,  

S a l i n i t y  and Alkal ini ty  ------ 
The s o i l s  of t h e  project ar'e relstive1.y f r e e  of soluble s a l t s ,  

though ooftn highly calccrecus i n  t h e i r  subsoils, and a re  not hi&lY 
alkalind.  S c i l  reaction, exppsscd as tlpH1t, var ies  frsm 7.8 t o  8.0 
and soluble s a l t s  a r e  pr-,scnt t n  percentages averaging fro= a t r ace  
t o  0.1 percent. A fz,,~ very s n a i l  t r a c t s  of land a re  afff;c%ed by 
soluble s a l t s  present i n  anounts ranging from 0.2 percent t o  0.5 
percent, but a lka l in i t j j  is not high 2nd most of t he  s a l t s  can be 
sucoes:?ully leached out of t h ~  s o i l  or f romthe  root zone t o  greater  
depths in  the prof i le .  I 

Land C l  %ss i f i c s t i on  

A semi-detailed l&nd c l a s s i f i ca t ion  was nade of the area i n  1939 
t o  datermine t h t  extent &rid character of the  lands, and t b e i r  s u i t +  
b i l i t > +  for  dcvelopr~ent ;;rider irrigati.on. The c lass i f ion t ion  mas 
established by a cor re le t ion  of the  . 'actcrs of so i l s ,  topograghy, and 
dminag?; it involved the deterainat  on and de l ima t ion  of the a r a ~ l e  
lands, tnd -the s o ~ r e g a t i o n  of t h z s i  :ands in to  t ~ r o  c lasses  on the  crasls 
of thei :  pr0duct:ve czpacity. 

Sttndards. L ~ n a  c l a s s i f i ca t ion  standards %re estoblishcd by 
t he  BEt;u of Reclanation, and a re  bi sed on the ccrrclatiori  of t he  
th ree  p lys i ca l  fea tures  - so i l s ,  topography, and drainage - w i t h  crcp 
production on similar lands under ir.-igation. The standards a r c  
s w a r i z e d  on the  f ~ l l o ~ i i n g  page. 



Semi-detailed Land Classi f icat ion Standzrds, 
kassayampa P ro j t c t  - Arizona 

-- 
Larld 

Characteris%ics-. - - - - -cz Glas-s 1 Land Class 2 Land 

-- 
Soiis  -- 

Textur* Sandy loam t o  f r i a b l e  c lay  Lsamj sand t o  f r i a b l e  c lzy  
loam 

Depth* 
To sand, gravel 1 8  t o  2k inches p lus  - good 12 t o  18 inches plus  - good 

o r  cobble free-working s o i l  4, free-working s o i l  
To r e l a t i v e l y  k8 inches p lus  36 inches plus  
pervious subsoil  
material  

To penetrable 18 inches with k8 inches l k  inches with 36 inches 
lime zone penetrable 

I 
penetrable 

Alkal ini ty  lrpH'f 8.6 o r  l ess ,  unless s o i l  p~ 9.0 o r  less ,  unless s c i l  
i s  calcareous, t o t a l  s a l t s  i s  calcareous, t o t a l  s a l t s  
hre low and evidence of a r e  l a v  end evidence of 
black a l k a l i  i s  zbsent black a l k a l i  i s  absent 
Total  s a l t s  nct  t o  exceed Total salts no$ t o  exceac 
0.2%. ?lay be s l i g h t l y  0 5:ay be s l i g h t l y  kigher 
high& i n  opan p t r z e a b l ~  i n  open permeable s o i l s  ex- 
s o i l s  exhTbi*,ing good h ib i t i ng  good drainage 
cirainege q u a l i t i e s  qual i f ies .  

(< 

Pock and rocky lio s o l i d  or  loose rock t k z t  No rock i n  place. m s i l y  rz- 
s o i l  w i l l  i n t e r f  s r e  vrith movable loose rock l imited 

ordinary cu l t i va t ion  t o  t h a t  generalbj  clear6 d i n  
s h i l z r  com.unitics wher e ir- 

Sa l in i ty  

r igz t ion  i s  practice& 
Topography 

Slope Smooth slopes up t o  5% i r  Smcoth gcndrzl slopes of 5% 

Surf ace 

- - 
general gradient; reesonzbly t o  10% or  rougher slopes 
large-sized bodies - l e s s  tnan 5s i n  g6narzl 
sloping i n  the  acne plan€ gradient 
Even enough t o  require o r ly  May req-dire considerable level-  

s,ilall amount of leveling ing and moderatd graaing., but 
and no heavy grading i n  arounts generzlly f o ~ n d  

f t a s i b l e  i n  l i k e  areas %!here 
irrf gation i s  priicticsd. 

h a i n a g e  -- S o i l  and topographic conci- Soi l  and topo:raphio concltions 
t iona such t h a t  no spvcif ic  such tha t  some driin2se v i l l  - 
drainage requirement is probably be requirad, b ~ t  
an t ic ipa ted  a r t i f i c i a l  drrinage przct icable  

a t  reasonable' cost  
* A t  t he  minimum depths the texture  must ba f i n a  san&j loan or  nesvicr, with 

some s o i l  mixed with t he  gravel o r  cobble, and z t  the  greztar  depths it mcst 
be a s  heavy a s  sandy loam. Loamy sands undsrlaid by coarse sand o r  gravel 
should be 24-30 inches deep (dspending on the  pcrcent cf s i l t  znd c l zy )  t o  
qual i fy  f o r  c lass  2. a .  

Nonarable includes lands which do not matt the minimum rcquirements f o r  cl-ss 2; 
also,  small ereas  of e r i b l e  land lying within la rgcr  nonarable arcas whcn these 
would obviou.sly not maks usua'ole f i e l d s .  

5ll 



Methods. The c l a s s i f i ca t ion  stand-ards were applied i n  t he  f i e l d  
t o  c a r e i w o b s e r v e d  s o i l  charac te r i s t ics ,  topographic features ,  and 
drainage conditions i n  order t o  appraise the s u i t a b i l i t y  of t he  l m d s  
f o r  i r r i g a t i o n  a s i c u l t u r e .  After the proper c i a s s i f i ca t ion  f o r  each 
t r a c t  w2s  determined, t n g  area mas delineated on bass maps (place- 
t ab l e  c3eets)  on a scale of 1,000 f k ~ t  t o  tine inch. Classificatio?, 
boundaries were established along the traversed l ines ,  the  distances 
Seing determined bjj graphic tr iangulation,  speedometer, or  pacing and 
the  boundaries then  completed by sketching between known points. In  
keeping with t he  accuracy End d e t a i l  of coverage required i n  a semi- 
de ta i led  swvey, t he  area vas $Faversed a t  maximum in te iva ls  of one- 
ha l f  mile t o  examine surface fdatures,  and s o i l  borings vrere ~ a d e  a t  
t he  s2ae interval ,  or  oftener, t o  es tab l i sh  the character of the  so i l s .  
The samples col lected were subjected t o  f i e l d  lsboratory t e s t s  consist- 
ing of colorimetric determination of a lka l in i ty ,  determination of the  
percentage of t o t a l  soluble salts by use of t he  e l ec t ro ly t i c  b r i d e  , 
and estimation of lime content by degree of effer-sescence with  d i l ~ t e  
acid. 

Results of Land Cl i ss i f icn t ion  i n  thc Project  ~ r e a  

Results of t h e  semi-detailed cl; s s i f i ca t ion  of the  proposed pl o ject  
area  based on t h e  foregoing standard: and met'ods Ere summarized 2 2  

f ollovrs : 

: Class 1 : ------- - Class 2 : Total  -- - 
: ~ c r e s  : Acrcs i.cres 

Tuip. 5 t., 3. 3 K .  : b7bO 35 4776 
Tvv. 5 t., R. li i t .  : 2512 -- 156 ---: 2668 Total pcojec5 area : 12 z 152 : 7U4 
-%Net 01-~jec t  arc2 , 682.7 181 6998 

" 7 7  -- + Gross area itiss 6 percent t o  allov f o r  rights-of-aay f o r = - ~ ~  =nd 
ditclies, buileings, and other nonr rodiicing areas. 

Th:! i r r i g t b l e  lands of thz  propcsed project  coaprise a net acreage 
of appr3x7hatel;r 7,000 acres. C f  t h i s  t o t a l  a3out 99 p?rcent of t t e  l and  
is Class 1, ly ing  i n  one large compact body about four n i l e s  west cf 
Vittmann. These s o i l s  have a texture,  s t ructure ,  d q t h ,  psmeabi1i:y 
and f e r ; i l i t y  su i tab lc  f o r  p~rmznent,  p rof i tab le  a g r l c d t u r e  lihcn irri- 
gated. Thc- water-holding capacity of t3c- s o i l s  i s  good, a s  i s  drcintge. 
The topography i s  smooth and gently sloping, and tha  lanc's  ill require 
only a r e l a t i v e l y  small amount of preparation f o r  i r r i g r t i on .  They a re  
well  a&.pted t o  t he  production of a11 crops capable of being gro:;.n undsr 
i r r i g a t i o n  within t he  climatic l imi ta t ions  of t he  region. 

The extent of second-class lands i s  sna l l ,  the t r a c t s  bi ing 
scattered throughout t he  l a g 6  body of Class 1 land or  along i t s  outer 
edges. They a re  l imited i n  product ivi t j ,  ch ie f ly  because of cozrss- 
tsxtured s o i l s  containing s m l l  rock Fragments and gravel, o r  surface 
rock t h a t  w i l l  have t o  be cleared. i n  a few cases some level ing w i l l  
a l so  be required i n  addit ion t o  the  removal of surface rock t o  prepire 
the  land f o r  i r r iga t ion .  The Class 2 lands are ,  ho'~rcvtr, suitable f o r  
d c v ~ l  opxnel~t and crop production with i r r iga t ion .  



Nonarab3.e lands zrz l i ~ i t s d  i n  extent  on the  project  t o  a few 
small zrezs conprised chief ly  crf stony, ccarse-textured s o i l s  of lotv 
water-holding capacity and productivity. 

Selection of Project  Area- 

The amount of land which can be put under irrbig;tion i n  the 
Eassayimpa Projcct  i s  dependent entiralJr  u?on the anount of ,+rater 
zvailable. Them &re more sa i t ab l e  lands avhilable f o r  i r r i ga t ion  
than can be supplied m t e r  by fu l l  development of the exis t ing watar 
supplj. The 7,000 acres salec$ed fer developmtnt, a s  covered by tnc  
foregoing discussion in  t h i s  apPendlx, are  mong the best  of these 
lands; they Ere c lose t o  an exis t -~ng r a i l road  and higkflay, and close 
t o  the Hassayanpa Ziver, which w i l l  m n i n L z e  dis t r ibu t ion  and con- 
s t ruc t ion  costs, and losses  of prater i n  t r a n s i t  t o  the  lands. 

Only a small por t ion of t he  salected project  area l i e s  within the 
bounda r i ?~  of t h e  ex is t ing  Jrizona T;::ater Conservation Dis t r ic t .  A 
pro jec t  :auld be developed t o  inciud-. o n l y  d i s t r i c t  lands; hu:&vtr, 
t he  majority of t he  lands ui-ithin the i i i s t r i c t  boundaries a r c  l e s s  
desirabl?  ag r i cu l tu ra l ly  ther? t h o s , ~  sr ' lected and, moreovtr, the s i n  
canal t o  serve s ~ c h  an arca nould neec! t o  bi: longer, and t h e  projec: 
would be ncre elrpensive. 

The t o t e l  area  susceptibiti t o  i r  'igation, i f  v~a tc r  v:ers a v a i l a d e ,  
is shoi;n on land class iTlcat ion & a i l  g 3H-10-3, ?.s v r d l  a s  the p-c ~ c s e d  
pro jec t  lrea, and a s ~ ~ m a r y  o f  ill irt a s  cli .ssif ied is 2resenLred i r  
Table b. 





Table 4.- Land c l a s s i f i ca t ion  summary f o r  area c lass i f ied ,  
Hassayampa Project, Arizona 

I r r iga ted  - Not I r r iga ted  Total 
: ~ ~ l t ~ v a t e a ' ~ a d o ~ ?  : TTXF-: C12ss 1 :a= : Total : I r r ibab ls  
: ( & . c r e :  (Acres) : ( : i l cQT-Qcres)  : (~crZZr-(hcrCs)T-(Acres)- 

: 
Hzssayarqe R i v ~ r  Vallcy abovc : 8 

Box Cenyon Dclm S i t e  : 260 20 : 280 : 
: 

Hrisscyaqa Eiver V a l l ~ y  below : - - - -.- Uox Canyon Valley bite i i i r  A" : A , ~  : 
: 

k'ittmann Arca : 30,595 : 9,185 :39,780 : 39,780 
: 

Total  Class i f ied 440 : ' 30 : 470 : 30,595 : 9,5'k5 :40,140 : 40,610 



APPErnZ C 
\:ATE1 SUPPLY 

.IhTROYdCT I O N  - 
The E a s s a y a ~ a  River &-aim a rough mountainous area t o  the  north 

of Kickenburg i n  southweetern Arizona. The drainage area ranges i n  
e levat ion from about 400 f e e t  a t  t h e  mouth of t he  r i ve r  t o  over 8,000 
f e e t  on the  suiidnits of theidivide,  Tke mountains surrounding the upper 
pa r t  of t he  basin, and pa r t i cu l a r ly  those along the eastern rim, are  
t he  westermost  high mountakB i n  south cen t ra l  Arizona. As a r e su l t ,  
t he  prec ip i ta t ion  f ron  t ' r ~  storms moving northeasbard from the G u l f  
of California and frgm off CFe southern California coast i s  'nigher t i a n  
upon the  drainage of adjacent streams. Storms of high in tens i ty  cn 
the  drainage area r e s u l t  i n  f l a s h  floods during the summer mo~lths, 
w i n g  the  winter heavy f a l l s  of Sncrr and r a i n  prodxce considerable 
runoff, but it is seldom of long duration. 

The widely f l u c t u a t i l g  intermit tent  flow of t h e  FassayaiQa River 
precludes any consideration of using d i r ec t  diversion f o r  i r r i ga t ion  
use. Therefore, a l l  waters f o r  t he  x o j e c t  a r e  t o  be s tored i n  Bcx 
Canyon Reservoir and releaszd, a s  required, i n to  a closed ccnduit 
follovr-ag the  rLver channel t o  a point  a5out 1s n i l e s  be lo?^. Yfler3 
t h e  ma  n canal %-ili leave the r i v e r  GO serve the gro jec t  lanes l oc i t ed  
about : 7 miles southeast of Cicl.;enburg near the  conmuniL,y of ;:ittxinn. 
Becaust of the  srr.all s ~ p p l y ,  and the necessity of conseruing water, a 
comple' e l y  clay-liced u is t r ibu t ion  :;stem i s  con%e~?lated.  

D awing No. 3H-11-33 sho7;rs the senera1 topography and t h s  pre :ipi- 
t a t i o n  and gaging s ta t ions  f o r  t h e  area zbava Sox Canyon Uamsite. 

Availal l e  Supply 

Annual runoff of t h e  Hassayamps River has averagzd L5,700 acr--feet 
during the per502 1916-45. Preparation of runoff records and e s t i l a t e s  
has becn coaplicated by tha e r raz ic  ~ e n a v i o r  of the  r iver ,   hose f .ows 
range from f l a s h  floods havlng high ~ e a k  discharges and large volu-~ss 
t o  mere t r i c k l e s  ~':hich disappehr i n t :  t he  sandy bed f o r  long dista-ices. 
A large n u ~ b e r  of the  f l a s h  floods occ-a- dwing the night, probaklj. due 
t o  sumar  storms occllrring i n  thz  lz;e afternoon, Spring floods con- 
s t i t u t e  the  grea tes t  p a r t  of the  yea'ts flcr~r; hcwever, t'nesa do no, 
occur each year. Heavy sustaiced f i r~ t r s  occur a f t e r  a %:arm r a i n  ha.; 
f a l l e n  on the snow i n  the higher r lacnes of t he  watershed; if  the  %;arm 
ra ins  do not f a l l  a t  t he  proper t ine ,  o r  t he  snowfall has besn l i gh t ;  
the  i s  l o s t  through evaporation and ground seepage. 

The channel of the Hassayawa R:.v$r, fqom Box Canyon t o  i t s  con- 
fluence with thz  Gila River, has a broad and sandy botton, and gaging 
presents t he  problems of confinually sh i f t ing  channsls. Eurinz the 
d r i e r  periods, there  i s  no surface flow i n  most of the  r i ve r  channel; 
however, a t  I 'hite Point, &bout f i v e  miles south of Yiicltenburg, those 





- - 
persons fami l ia r  with the r i v e r  s t a t e  there  has always been a smaL1 . 
surface flow, even d u r i n g t h e  d r i s s t  of ykars. Th6 flow apparently 
i s  forced t o  t h e  surface through shallorr sand o v e ~ l y i n g  bedrock, and 
is estimated t o  average threc t o  four  second-fcet, with minimum flows 
of 0.50 second-feet. * 

Gaging s ta t ions .  T;?o first gaging s t a t i o n  of record on the stream 
was exab l i shed  by trie Geological Survey Kovembsr 23, 1910, i n  sect ion 

I 
1 

20, T. 7 N., R. L W., about four miles below i:iickenburg. This s t a t i o n  
was maintained during 1910 and 1911. From January 1 t o  October 31, 
1912, the s t a t i o n  ~ r a s  maintainqd i n  sect ion 1 2 ,  T. 7 N., R. 5 Vf., &bout 

i 

one-fourth mile below tuickenbdg. @ly  infrequent lov-w.ter mcasure- 
ments were made a t  thasc s t a t i o n 6  and, because of thv sh i f t i ng  sar.dy 
channel, r a t i ng  curves were not ob t~ ined ;  hcrioo, discharges wore riot 
co;nputec!. 

On November 21, 1912, t h e  Geolog-.cal Survoy estzblished a gage 
near thi. l i n e  b.;twet.n sections 23 and 26, T .  11 No, R. 3 T .  near 
:.toore 1 s ranch, one-fourth mile btlow .he old 'Aalnut Grove post  ofi ice,  
and li$ !;ilcs above 1::agoner. Tno d r a i  xagc area abovc t h i s  gag3 was about 
96 squa;.e milcs. The s t a t i o n  was mai,itained u n t i l  Zuly 13, 1918, when . 
it WGS ~iiscontinued. hte t o  i.xiireque:lt meascr-ements and snif.cing con- 
t r o l ,  t!!e records a r e  c lzssed a s  poor t o  f a i r .  Gage heights wLre taken 
twice a dcy and a v ~ r a g ~ d  f o r  da i ly  IT,=, n, so f l a s h  f locds wore not 
necess%:.ily record-d. !tost of th2  lo^.-urater f l o l ~  is uiv~rf,i;d. i o r  irri- 
gation ~.bove the locat ion of thc  gzgz 

On Februrry 22, 1916, a gage was estzSlished a t  the  head of t h s  1 

canyon  lo^? riagoner it thd s i t e  of t 1  e Lilnut Grove Dam, by Ud, A. 
Farish, e n g i ~ e e r  f o r  Joseph tiittmam. This s ta t ion,  controll ing 2 i 3  
square riilzs, was opersted continuous. y undir ilr. Fbrish's  supervision 
u n t i l  Si ptember 3r), 1928, The s ta t io l  ~ r a s  equippcd w i t k i  a water-stage 
recorder and resident observers wera taployed t o  care f o r  thr. r t corJer  
and makt current meter measuranents, 

On June 1,'1921, Elr. Farish estal4ished another gaging s t a t i on  
about o m  mile upstrebm froin t h ~  Box (,Enyon Dzm s i t e ,  &bout 2 7  miles 
below the  iTalnut Grov* %rn s i t e .  Thir s ta t ion,  a l so  i n s t ~ l l e d  f o r  the 
l i i t t q n r .  in tz res t s ,  vrzs eqilipped with a -?rater-stzgs recorder and c a ~ l e  
car  f o r  high-.tr&ter rn~asurements. Rcsident obscrvcrs riLre enplozed ;o 
care f o r  t he  r ~ c o r d e r  and mnzke currant net-r  r r ,easur~n~fl ts .  Sov.&ixi be- 
tween 12 '21  and 1926, t he  gage .;,as moved dovinstresm t o  t h e  Pox Canyol 
Dam sit-, where a cable couid be in s t a l l ed  high enough above stream bed 
t o  perinit use during f lood flo1,rs. 

The gaging s t z t i on  a t  tht. Box Car-yon s i t e  wzs takcn ovcr by tho 
Geological Survey J-nuary i, 1938, cr,c o;;erated u n t i l  JJ.1 1, 1938, 
then abandoned. It was raestabilshed on April  16, 1926 i n  or&P t o  
provide, by concurrent operation with tht: l~iorristown sta%ion, an ac-- 
curate record of channsl losscs  bctv:een the t ~ o  stations.  , 

On Cetobsr 1, 1938, thi. Geological Survey estaLlished a g?.ging 
s t a t i on  on the H&ssayalrrpa River, about 15 r iv- r  miles bzlow Eox Ccnyon 



near ICurristovrn. On January 1, l9LC, a gaging s t a t i on  was established 
by the  Geologj.ca1 S u ~ v e y  near iiagoner, supposedly a t  the  Kalnut Wove 
D m  s i t e .  Tncse s ta t ions  a r e  s t i l l  i n  operation. 1 

Drawing No. 3H-11-1Z sYows the periods f o r  which runoff records 
e r e  avzi lable  on the  Ilassayaqs and' ct,hsr nearby streams. 

Accurecy of records. None of the  runoff records secured on tine -------- 

I 
Hassayarcpa 3.iver a r s  of s u f f i c i t n t  accurhcy t o  be classed a s  good. 
The e r r a t i c  occurrerice of storm ru~iof f ,  i t s  short  duration and noct u n a l  
character, make it d i f f i c u l t  tp secure su f f i c i en t  current mcter mcisurz- 

,I 
m a t s  t o  es tab l i sh  good r a t i ng  burvts., Lack of permanen5 control  

1 
sections and the  sandy-bottomd, shif+,ying channels add t o  t h i s  d i f -  
f i cu l ty .  The r e l a t i v e  inaccessibility of t he  gaging s ta t ions  leaves 
the records obtained a t  umttended s ta t ions  open t o  question. 

For t h e  Geological Survay stadicns i n  t h ~  ea r ly  days, discharge 
measur-nents were so infrequent t h a t  as a ru l e  r a t i ng  curves %re r o t  
obtiinerf. The s h i f t i n g  channel and f lhshy n t ture  of the  flood f l m s  
render t.he gage height t ab les  of l i t t l e  value. 

The data f o r  t h e  Galnut Grove ard Box s ta t ions  wcre cozputed and 
worked lip by M r .  Farish. Flood dischsrges were determined fro1.1 surface 
f l o a t  vc:locity measur~ncnts azd gaze le igh ts ,  or calculated by slop-.- 
area me .hods. 

Rel.ievu of F?.rish Records. R%vie,v of water rdcords Pias co.?fine 3 t o  
t - 

those f ( . r  t h s  Box Canyon u ~ n  s i t e ,  i h z  r i v e r  a t  t h i s  point  include3 
water wk~ich has passed the  ',r+ln>& Grcvs gaging s ta t ion ,  and records a t  
t h i s  sil:e would be nore dcsiraqololi t h a l  those of the  :i.alnut Grove s ix ,  
or a coribination of records a t  variou; s i t e s .  T h s e  records 7iiero 
furnishidd t o  tne  Bureau by M r .  J o s~ph  Tiittmcnn. 1.. Viillmot,h, an enployee 
of tha  i:rizonz S ta te  Highr:ay Dopartmcrlt, f ~ r ~ e r l y  connected with t h ?  
Arizona Zater Conscrvetion Di s t r i c t  a s  enginesr, explained ~ e t k o d s  used 
i n  detemining stream flovis. 

Str.a&m gasing a t  the  Box i;anyon )am s i t e  vras begun JuEe 1, 192'i, 
under tk,e d i rec t ion  of , .  A. Farish,  rho conquted end con?iled the  
water rccords and employed several  res ident  observers ,who took curr1:r;t 
meter messurem~nts and observsd the  %;age recorders. The s ta t ion ,  
accordirg t o  IJr ,  Tiillmoth, v;as locat;~i up st re;^ fro:n tile prescnt d m  
s i t e  i n  s narrcl:r r;ach of czrJon 31, feet wiia. The canyon erfzads rip 
and dm~cstrean f o r  some distence a t  about t h i s  s a f i ~  width. A cable 
and cab13 car  werc med. The r u t o m t i c  s tags  r e c o r d ~ r  iras located on 
the south s ide  of t he  canyon, t h <  f l o a t  enclosed by a square bc;c forned 
by four 1-inch by 12-inch bozrds nailed together, and holes weru d r l l l e d  
in to  t h e  box t o  l e t  i n  t he  watGr. A s t z f f  gaga was  ailed or  painti!d 
on the s ide  of t he  box o r  well. 

During t h r  low f l o m  current muter readings were t ikcn ebout one 
mile above the  gaging station.  Often during these lovr flo-'IS t h ~  w r ~ t t r  
sank i n t o  the sand 200 t o  LC0 f e e t  abcvc the  gcginc s ta t ion .  It i s  
in te res t ing  t o  note t h r t  during dry puriods, streeiis i n  t h i s  s ~ c % i o n  
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w i l l  flow at night and not i n  t h e  daytime, due t o  t he  high eva-,oration 
and t ransp i ra t ion  losses .  T h i s  i s  t r u e  o i  t he  Hassayampa a t  Bo;; 
Canyon, a s  evidexced by the recordsr sheets. 

- 
In the  review of the  f i rs t  years of measured flo?:~, it vras noted 

t h a t  r.0 l a rge  f l ovs  v:ere act-dally measxed by current meter. VY. 
'Sillmot:? e ~ l a i n o  t h a t  the  channel was so  narrwi and volune of wZ%er 
so great ,  t h a t  use of t he  ca3le car  %as not safe. Froa ?a r i sh f s  

i 
notes, f l o sd  estina',es were based T o n  charzel cross  sect ion and i . i t t c ~ ' s  
fomuiae.  The Value of "nr1 used vies -020. ittien f lcods  occurreti dlxing 

1 
t he  daytime, SL-fece f l o a t s  vrebe used end t h e  mean veloci ty  coq~uted  i s  
0.8 of t h e  surface v e l o c i t ~ .  

I 
i 

Original s tage recorder sheets z re  avei lzble  f r o n  June 1521 t 3  

Novembe? 6, 1922, but current meter cotes a r e  not. For the  period, 
Novembe? 6, 1922 to, Januaqr 1, 1 ,  m i t h e r  werb &v&ilable, anu. a 
study of t h i s  per iod was not ~oss ib lc . .  17.ecoruer sheets  a r e  not Evllil- 
able ~ t i l  a f t e r  Jul7 3, 1933, hithough current mctcr notes a r e  zvail-  
able f rm Jhnuiry 1, 1923 t o  Jsnuzry 1, 1936, except the  period July 
20, 1927, t o  August 20, 1930, vhich is missing. The misslng P ~ c o ~ ~ s  
a r e  s a i i  t o  hhve b ~ e n  destroyed by a f i r e  which 6estroyed IT. Far ishts  
home. 

Ir t he  e a r l y  pei-iod of strezm m:asurzment trouble was eqer icnced  
with t h ?  stage recortier. The sand z iti <rift r-ould cause thz  f l oz t  t o  
jam; th3 clock vcorks f a i l e d  on a num ier of occasions, znd when surn 
c o n d i t i ~ n s  e ros t  thd r i s t  and f a l l  o '  a f lood %vas l&r,rr,l;i deterinired 
by res ident  observers. A small r i s a  i n  t5e r i v ~ r  could be d e t w t r d  
thc  neli t morning by the tu rb id i ty  oi' the  vater ,  , ~h ich  o t h e ~ x i s e  ncld-d 
hava b ~ e n  clzar .  

A: t o  t he  ol;her equi>mf.nt, l e t t - r s  were found s t a t i n g  tha t  t kc  
current meters ?.i=re c i l i b rz t ad  b;r t h -  Burszu of Standards and tho 
Univcrri ty of Caiifornia,  f o r  rod a n i  c a b L  suspension. 

Ur.til t he  water yezr 1925-27, n3 l s rge  flaws rrere ac tua l ly  
measured. Soxtitime bcc;iicun t h i s  period and s t a r t  of the  stream 
measwrzients, thc gagixg s t a t i o n  *-es mov~ed f r o 3  i t s  o r ig ina l  loca-- 
t i o n  t c  a po in t  approximately on2 d l 2  amns t r am.  There tht: ci.ar:nel 
was vrirer and f locd  cl~asurements v r b r 2  obtainrble froc. t h?  cab:? czr. 
Ths exact t i m  when t h i s  change vas :aade i s  not known. 

The l a rges t  annuel dischargt, 155,875 acre-feet, cccurrcd lu r lng  
tha  vratbr year 1926-27; the  ;~iaimu;~~; lonthly flovi ,  109,8k0 acre-fecit, 
occurred dxring Februhrg of tna t  y2c.r. T h ~ s c  f l a v s  vrere coqu ted  Sy 
!:!re Farish from gage huignts znd diszhzrgc tables ,  S ~ r f a c o  f l o a t s  
were used t o  deter:nin~ valocity, but it does not zppt-&r t h a t  t i e  
ve loc i t i e s  so  determined were uscd vAcn co;n?uting thc  discharges. The 
discharge t a b l e  prepared by ilr. Farish comu-res closelj; t o  a dischcrge 
curve devzlop6d by the Bureau f o r  i e t e r  floods. 

Original rocords f o r  t he  -<rs.ter system ycars 1927-26, and 192L-29 
were not l o c ~ t c d .  Ho;vtv~r, these two y-ars c x p c r i ~ n c i d  lo'# floiv a d .  
a r e  b c l i e v ~ d  nct t o  be mich i n  error. The vrztcr y t a r  1920 has thu 
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lowest annual df scharge ~ecordcd,  3,515 acre-f e s t  . Flow was tvell 
d is t r ibutud tnrougl~out ttht year and the t o t a l  does not appezr t o  be 
very mucb i n  error.  - 

Recorder sheets a r e  5vailable from july 31, 193i, u n t i l  Januiry 
1, 1938. The recorder did  not funct ' im well, h m e w r ,  arid missed ~ l l  
of the flo-:rs during A u a s t ,  The wocden box was s t i l l  used. 

Caraful studg- of t ke  or ig ina l  records - gege hzights and measure- 
ments - obtained under the  direct ion of Mr. Farish, indicates  such . records &re and would be more ? l iab le  than any estimates which now 
might be m d e  from the m ~ a g m  information ava-ilable f o r  the  Hassayaqa 
River drainage basin, Tile runoff records at the N ~ l n u t  Grove mnd Box 
Canyon Dam s i t e s  furnished by the Vu'ittmann in t e r e s t s  have, therefor-l, 
been use l  a s  the  bas i s  f o r  tha water supply studies.  

Runoff it iralnut Grove. Ac tuh  records of t h e  rcnoff of tho -- -- -- - 
I:assayenx River a t  \ialnut :rove (dramage area 268 sq. mi.) are  
available f o r  the  pcriod 1921 through 1926. (SEZ Ta51e 5 ) .  



Tzblc. 5. - h i o f f  of Hcssqmi~c. R i w r  -t 1 clnut Grove 

Rrcor<s 2t 33;; Cznycn cxu ccneu ' r t :~t  :it;l rucmL:s 2,t .t',-clnut Grow 
f o r  -.l,:ust ~ i ; h t  7~71's. C o r r ~ l 3 t i o ~ l  C ~ ~ T Y ~ S  -,;-re ::l$tt,-i: ?iiti? f L i r  

t c  Ixtd3LL thc 3% r e s u l t s  (s:c 3-;fk, i!o. 3~-U-54) 
Cpny~r r ~ c ~ r i  s ksck t o  J;nrtmy 1916. 

Runoff 2.t Eox C-iyor. f a r  t h i  ;:i::is:l Oct.-S,r 19j6 throu;:h D-c':lb~r 
1 9 ~ 5  *.as Gstp,..tx' ..&. . 0;: t!zc k s i s  of .*~cor;,cl f l o ~ ~ ~ s  2.t 21iori-istown. u: . i ly  
Ciso3rr:u r,c.srCs w r o  i n s ; ? ~ c t ~ d  cn,l c flo-.i of I I  sc~on?.-i l~ct  cllCt;:. 
~$~cnc%,-r  z::y flo:r ~ 2 s  rc;ccrL;J c t  li,rristol,m. TJ 

i.6 ,ti~~rt- zra rh-.n:: t:.;rs rrh2n +he--o i s  s c ~ i ~  flotr i.t BOX Czi~:+c?n b ~ i t  
nonc ;t &iorrrista.rr., this est.ic:.:.tc; 0:: t h ~  incri:.suLi l-enoff ct 2 . 3 ~  
Cm-yen sl~.oul~:. bc co:lszrvct.ivi. Zirsi;lts 02 t:ks i i ~ i h o l  i.f i.sti;r.tin: 
ncy b~ coi~f i r r?~? .  v:!?cn r~cnrc'.s z.t .t?i'; nu?i sst.ltio?l 3: h:r. C.-.11;?3n S~csr3r: 
2.vcLlcblc. 



BOX CANYON 



1 

i h o f f  of t h c  Hcrsqma:lc River .:t %x C m p n  fDr2Lic;;u zrez &2 - -- 
sy;i;ru :.&lo~) i s  i;iv~-r. i n  T:.bbit, 6, b c s d  on th* folloviilg i - r ~ ~ r 2 s  :.PC 

4 

estj;:~tcs: 

1. ' J z ~ u c r y  i916 t:jrou::h 1ic.y llql - Estipc:ttud b;. co'rrc1:l-tion 
rsith l ithut Grow. 

2. Z u n i  i721 throu-,h June 1932 - ~ . c t u d  r ~ c o r i s .  
3. Ju ly  1933 t h r o u ~ h  S q t d u o r  1938 -Es t i i l~ t iC ,  :J:: >lottin: 

i 
treich?,eC ;?r.2cii)itctian a:.:.inst r~noff. 

4. Octobjr 1938 t'nrou. ::I U,CI:T:~JJ~ 1945 - Zstk.~;u-;ed b:i co:cr5s~,1 
% n t h  recorilui floiv rt l lorr is t~?rn,  

t 
* ! + 

I 
1 

I 



1. Jau.cr ;~ 1916 th~uu:h 1ic.y 1921 - Estfiv.te? 'o; corrclr t ion 
:nth X:.Lnut Cim-~e. 

2, zunc i92L throil-,h Juns 1938 - , .c tud r~corcls.  
3. Ju ly  1938 t'lrou;k Li~7tt;i.ia~r 1938 - Est i i~ct~c ' .  by >lot t in;  

~rcii;htcc', :x--ci?itcti3n -:.:inst 1-~nof f. 
4. Octobdr 1933 t h r m r h  lJ,cr:r.ibdr 19t5 - 2ste.1-.ted by coii;,-ris~!? 

with rccori.~;: 11o?r z t  1iorrista1.n. 



.. , 
L.". 

1,.0: 
6.5: 

19.;: 0.4: 6.s: 
b.3: 0.3: 0.5: 
6-22 0.2: 2.2: 
1.6: 21.6: 14.2: 
6.5: 0.6: 1.2: 
3 .  0.2: I,.G: 
0.2: 0.3: 0.G: 
u.2: 1 :  22.6: 
0.1: u.0: 0 ~ 9 :  
4 :  0.2: 6.3: 
1.6: 0.1: 9.2: 
2 .  . 1.6: 
C.1: 0 0.1: 

- 0.1: 0.0: -0.0: 
0.0: 0.2: 0.1: 
0.1: 1 :  1.4: 
0 . :  0.1: 0.7: 
0.2: G.2: 0.1: 
0.1: 0.2: 0.1: 
0.2: 0.2: L.2: 
l a b :  0.2: 0.3: 
u.2: 0.2: 0.2: 
0.7: 0.7: 2.1: 
0.7: 0 0.8: 
1.0: 0.5: 2.1+: 
G . :  0.1: 0.1: 
0.0: 0.0: 0.2: 
1 0.7: G.2: . 
0.6: 7 :  0.6: 



The quz l i t y  of t h?  wc.tr.r of t h e  Hr.ssc~y?.qx RivLr i s  si*it:?u!.~ f o r  
i r r i c z t i o n  Cke:!ic;l ~xXiy3i.s of ?. s?~:->lc tC!cen 2.t BCX C:n;-'7n by 

1 
i 

Gocxye L, Dr:;.c.r, >s-sist;-.~~t ~;;ricult,ur:l c t z i a t  f o r  J, 8. CJ1Dvll, 
com.tp c~ r i cu1 tu r ; l  c;eIlt, Phoenix; .~rizor,z, foL1lor:s: 

4 
I 

I 

T l i s  cpL21ysbs ~2;3-..s 2 7r.rcwit s ~ 5 u 1  of 2go Ti:;r  ISSO SO^?^ Ci'n- 
s t i t u ~ l t s  r.ru lcyi.clg '?icz;rt>n:.tcs o f  c?.lck~r. ?:hic!l ilo 30: c,tP:ci. 
frw;i t ju' s - ~ i t t b l ? i ; p e s  .sf ti-; m.ter  f ;r i m i  --tiox, 

R 3cori.s of 2s.zlys~s uf ~ : L i t i o l ;  ~ 1 ,  s=;:lcs z r e  i;n f i l ,  ir? t h ~  
count7 0 2 ~ t g s  of:ic.-, Lu",tlb Ic.t.tr :ro inco::;litc, 2s t;:ir?i; crc i.u 

rvcsrL3 c-f t h c  -:...tcs rf:.i:ur, s ; n : ~ l , 3  : < ~ r 3  t:.i~in CT of t!ic S3chc.i .t.S 

of t he  strs.xr. ::k,:~ d%val lz t l i  .Ic.t- crc - .iv;n i n  'I'zbii: 7. 



Table 7 - C,um~ay~- of Several lnalynes of 
Hassayhqa .River l/;ater. 

- --.. --- -- 
Point of : Eiox :I+alcut,: Ee1.o~ :at ;,ici:en-?o1flg:4.t, S .F ad, :A&,cr & ;;<a.if%-- 

I d 

... . - 
Sawling: C;n:ron: Grooa ! i:lcksn'curg: Ezhxy Eri?ge: Brid-f:: FrilJg6 : Br;+-e i 
. . -- - -- -- - - b -  .- _.-- .-"- 
Stage 02: : 
River t ?  : ? I  ? : Floo&:iirter :r'loodflcw: ? , ? 

Sample : (kn:.lyzed) : : : : 
EGO. : (3/18,/37) : : 

:P.223; : A231:S : A2625 -- : ~ 2 6 2 2  : 1-2303 : A2627 -- -- - ( ? a ~ t s  ;qr K i l l i o ~ )  ---- -- 
ca : 3t;: 75: 00 : 60 : 1 0  : -33-? - -15  
m Ir : 8: 3.1 : b : 8 : L : 1% 
Na 26: L6: 62 : 25 : 46 : 167 : 253 
c1 8: 2k: 3i, : 1;: : 16 : 172 : 302 
SOL : 352 33: LO : 20 80 : 103 1 200 

Alth~o.lgh t !~e avai lzbic  d&ta e r e  noi coinplete, it is  expected thei .  
storage w i l l  r cs~ iLt  i n  a blending of th flm:s, vrith the  r s s u l t  tl!at - ha 
d i lu t ing  a-tioi? of f iooa  f i w s  of good r,*;rbiity ,tiill  o f f se t  the & f l € c t  of 
lo~v  f l c r ~ r s  2f somtlxhkt qsestionabla qual:.tj;. 

Small areas have been i r r i gz t cd  wi- :h  the  d i rec t  f lcrs  ~f t h e  
Eassaya~.pa River f o r  som yesrs 7~ritliout inj?lrious e f f ec t s  f r c n  t h e  qu: l i t y  
of t he  v + a t z r .  

i 
~ ~ & T ~ ~  3iQJ:JIR3$ ;ZITS 

C o n s w p t i v ~  Use --- 
wtensive s tud ies  '0;. A .  F. johnson and R. L. Lo':fry Jr., of t he  

Bureau of ;?eclarztion, have 6ev~loped a i"b1ations:lip be+-uson corts~m?t: ve 
use and toCal heat mits as rsea:ured by the daj-dcgrees above f r eez iq :  
t e ~ t r a t u r ?  during tP,e growiig seasan, Tl'ie grov~ing se?.$on is d e l i ~ e d  a s  
t he  parind bctwecin t'ne dates -rillen 3.t t":ic" smoothed five-&y zoving 
average raici?um tex?,-,.;ratura cwve r i s e s  akovs frzezing, The s tudies  t.nd 
r e s a k i n g  -trrvzs aze outl ined i n  zhe Trt-nsactions of tHe Azerican Socrety 
of Civi l  E.agine~rs, 13k2. 

The period of rzccrd selectad f o r  &terrr.ining?rater ruquiremntz f o r  
t he  Hassa;-impa Pro:ecl; i s  1930 t o  19110 fnclu;ive. Frcn tSe starQ0inf, o f  
both tempera tur~s  2nd p r e c i p i ~ ~ t i c n ,  t h i s  period rcpresenttr a +cad@ o f  
t e a r  m a i n u .  requi rez~r f ;  f o r  i r r i ~ z - i o n  mt ,er  j Q tha South%:est. Th-' t o t e l  

0 a v ~ r a g e  heat  un i t s  i n  dzy-d~grecs above 32 F. during the grocring seacon 
a t  liittmana f o r   his period i s  l8,27L, c.orr*s?or.dinr: t o  zn a n r ~ w l  cor.Lu?p- 
t i v e  use of 3.68 scra-fdet per ac r t .  The ever;go aennual p rec ip i t&t ion  i n  
the  f i ve  d r i e s t  years is 0,.9 fe2t. It i s  estimattd tilclt 90 p r r c ~ n t ,  or 
0.LL f e e t ,  i s  e f fec t ive  i n  nset ing c o n s q t i v i  use, t h c  r ~ n ~ i r - d i r  l c s t  a s  
nmoff res id t ing  fro? rainstorms of iiixtl in t sns i ty .  The c o n s ~ n p t i v ~  use 
t o  be met by br iga t . i on  .sztcr i s ,  therefcre,  3.2k acr i - fee t  armuc/ly. 
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Divcrsicn dzcjuira.,i:nt s 

I.i;lter :xst be S.elivcrod. 2.t t h e  f:m.ers f~c-A,-&.to i n  suf f io icn t  
quant i ty  t o  ;.,i.ovT;'.a fop ait.icipate2. fcrili wmtus cnL excess c;:?lic::tion, 
?.s vroll  r.s t!?c astL.;r.tet! c o n s ~ i i t v c  use. C? . r~ fu l  st1:i.y- o f .  opr:.tion 

I 
conLit,ions a? p-zct icas  i n  thd Ci!c and S a t  Rivir V:llo!;s, 1,: tii tha  

i 
conclusisn ti??.% ?n ?,?liowazc= of 20 p ~ r c ~ n t  s h ~ u i d  be r:~.i'.c t a  c o v ~ r  
L:.;IWC~O(: w:stc.s. 

i 
;I 

Losses 'Jrtwuun thu fil~.it:rs hezLgztu ?nd t h e  rasurvoir  ~611 be sr:1~11. 
?.Cost of thi; nz21 cc-ncl ?.<.rill ' e a clos& conduit tihere l o s s ~ a  > r i l l  be g .  . 

I 
n ~ & . ~ . i b l a :  t he  hii,: v?lue a ,  ~ r r l l z t i b n  w: . tGr  cncl 2err~cablc nctcl-u 
of t h e  ~ 2 n d  -nL 1 ~ ' i r ~ l  1oc:-tians !i:.ke it n~cess2r . j  t o  i i n i  t he  i 
ranc- ider  of tho m i n  ccnal =-?i t h e  l z t  c~?,?ls. Suff ic ient  i.2t.ta are' 
zvcil:.ble  fro:^ c:,cr:.tin: h r d u  -roj-cts t.o in2icsto  t hc t  zn n l l : j v~-  
cnca i f  1 5  ;:ircc-ilt i s  c~?.r,lo tc cover t he  sed?c-c cni. .;vc:~or~.t.ioi~i: 
 loss^;; which ?dl1 occur i n  th; ;itin c:.nc:l :.n2 1r.terc.l s:;st~,?~. 1 

1 
iicsijil on t h e  :.'Jove cxiclusion?, t h e  Livwsion riqu.ii.~:~i;lt. -.. 

thii r1;sermir is si t  i.t 4.75 ~ c r c - i c o t  F J ~  ~ C T S ,  .. *s  su-.-i:zrizci b.;low: 

?mi: il:.stc L~L ~ixccss c;-,::lic:.: iun (20:) 0.21 - 
u i  I i v  3 i r i n  2 il.05 

Distri 'sutlsn of Deii~n:'.. Thi. :.ends of the  Hr.sst.:-z:;:a P r o j ~ c t  
r e ,  i n  a .  si:?ilcrl.y -itu?.t.tc~: cs  ts clii:?.ti. :n; r:3.lf,?.ll t 3 

those of ~ : I L  i:,-.ricc?~ Count:; >iunic!.:~cl :;ct.cr. Consor-:?.tion ' i i s t r i c t  
No. 1 (I3ier!lsliy Pro j ~ c t )  on the  ~. ,uc .  Fri:. River, s m -  13 :>.il~s !o 
t'ne s3ut!~.c?.-.st. Pr ior  t . 2  19110, r.:k~x; :'u:+s b i i r u  irist,?.llbC t o  sx--:~l~- 
mint tilo :.r:.vity su?. --ly, ths >.istr:.ct vies subject, t o  ccutu &crt:.,:cs. 
Thi 2cru;l--c ~ u l t i v c t ~ c ' .  on t h u  ;raj:.ct, hns sirlce '%in rii>ilcd ts  
confur-1 t~ the cvcilc.::lL : r t e r  su---ily, -. r.n:. t he  s:-:~rt,c:is 3evu n ~ t  been 
s ~ r i a u s .  O;:ir:..tin: oi^;icic:ls c f  t.:!u 3;rr;lsley iJroj\;ct i;stL?z.t..ti: t 'r.,~ir 
o2ti;iWi rbquii .... r.;~r?t c.t t he  ~ i v u r s i o n  c s  k . 1 1  c-cr--f~e+, : ~r r.cru 
cu l t iv - t  4, (.!is; r ibu t  u,: e s  shov,n i n  T ~ b l t  8. . Tllu :i~>n';hQ ;'ist r ibut-  
ian cf Lr ix :  i s  wn3ii'.,ruil sinil;:? t o  thr.t ix+ctG,.'. f o r  t h o  E?.ssl?i- 
I 2 ,  T!?u 7 . i r . t ~ r  i.G;:r.r.2 (D,ci:r.icur ?.m: J-r,ucrj) on thi.  Ntss,ny-:.:?2 
1%-s n=y he ~o!:~wi?c.t : r ~ : . t ~ r  cs c rusu l t  of z l:.r.,cr 2ro::orl is11 of 
c l fz l f - ,  cnc', o t k i r  for,z:.e cro:,, >rkosb -ra!.rth w i l l  c;,ntfr.lzd ilu'in-. 
t h e s i  n ~ n t h s .  Cotton, ix tensivGly --roY;nl 3n thc  Zur.r&li:~ l:ds, 
requires rwri: w?.t.tor ;:urinl: the  hat su-:x~r :.:;nt.b s f  J%ly ma.'. Z.U .ust, 
whbn thi: d f 2 l f 2  i s  :>>re o r  l d s s  .Lorn-at. 



Tcble 8 - Flonthly w::tur r ~ q u i r s r w n t s  for  t h r  
Hzsscya;~c Project, i>rizonc. 

Month: I s~rcent  or" hnnuli Du?cni: ,, .b-tc;il  U&aJ 
: B r s  H-sst:;~'~rrn . ---- 
: (A; orccnt) : (>d?cLntT-'-- 

J a .  : 2 : 3 
Feb.: 4 : 
Nzr* : 

4 
8 :  8 

r : 11 : 
Mcy : 12 

Y 
12 

June : 13 : 13 
~ u l y  : 13 : 12  
U .  13 : 12  
Su;;t.: 12  12 
Cct. : 6 :  6 i - .  
~ ' J v . :  4 : 4 el9 
g,.c,: 2 3 - . I4 
T a t t l s  1CO 1CO 4-75 

Returr Flow 

Tam- w i l l  be r. re turn  flow 27;~ilc'Slt: f o r  rii-use b,v t h o  :ra,lr;ct. 
T07oi.r3;:hy of the  crk2 i s  such t h ~ i  211 ,;.cess c:.>;,lic;.tions cni f,.m 
m.stez, !.sill. C.isq;.:,?ctr i n t o  t k ~  unCi r;rounl 3 r z b i r  bzsin. 

Evpor ,tim Losses 
p-- 

luncrous ev?-:m-z.tion s t c t i - n s  :rd opurc.te2. i n  ~ ~ r i a o n c  by t h e  
Wectlxr BurG>u. I n  -<.,lition, scvercl  s tc t ions  cr; g ~ o r ~ t d  ct L5cr. 
2iezG by ti;; EurLau of il,;cl.z.,ciion. .~ver::-~s of th; crxlu:l t;r.~~~:-:.turo 
cnL eur-;:orction <.win:: t h ~  :;~rioL of recar2 urdrc; ? r c72 rd  f o r  
rq,rcs,nt:.tive s tc t ions .  ~:zeso-Czt.: -rs suru::r.rizuL i n  Tc>lc: 9. 



Tcble 9 - Kv:+orction a<. terlpurrturi: dctc. f o r  
n ~ i m n ~  s t=t ions .  

: .Tc?mc :Fr~?T.l P a  : Surf ice  . 7" . - : inci-!us . : F m t  
Lses Ferry : v22-45 : 61.4 : 69.C9 : 5 "17 
Mesa EqirL?e;d F?.rr:l : 1316-1+5 : 67.9 : 79.8C : 

.. 
4.59 ., 

Roosevdlt : 191545 : 67.3 : ?S,?b : 4.56 
University of >.rizonc : : 1929-45 : 67.3 : C5.43 : 4.91 
i i i l l cox  : 1917-35 : 59-6 : 65.j5 : La92 
Y m  - Citrus : 1921-45 : 72,1:11:.&2 : 6-75 
Y u i  - V2l.I .u~ : 1952-39 : 69.4 :10/+.1: : 5.99 
Sicrl-t itnch: : 1 -  : 60.0 : 72.?0 : 4.16 
Y m  - Evqorc t ion  : 1917-27 67.9 : 77." : 4.n 40 
Brulil3;r Ci ty  : 1936-i+5 : 65.8 :ll?.Z? : 6-90 
B.:rt l ; t t  D . m  : 13i;l-~.T : 69.6 :116"86 : 6 -72 
Scf f c .:i: : 1yW-45 : 53.6 : 70.55 : L.06 
L&c :led. cIlozt,in; P C ~ Y  : 

dm v : 1936-45 : 72.6 : 96.4-S : 6.40 
Ls.ke ;iec.c'. Lrnc'. ??.as - . 
-. ,%.re 1/ : 193&:72.6 :121.53 : 6.09 -'-- 

TG ?.pr2tur i  2% Zoovgr ilci?. 

The fori.i.in: i:.tn, f s  : l o t t e d  on Drzvini; 31:-11.-55, i n l i c o t . ~  c 
rc ther  err-.tic rdctions5il . i  b ~ t r v . ~ . e n  2 . n l r 2 l  t;;iq~rzi..uri; c-?i c.nr.u:: 
cv2:,wr?+ion. .,s no ,nu st:.tiun i s  x l i i v L  t o  rc;r,si.nt iv~:!cr:.i i v ~  
conii t ions c t  .tax Cmlisn I l ~ s ~ r v 3 i r  s i t e ,  t h ~  cx;!i-ct,~Z iv?.;'or:.ti~r! :K.S 

Cetz-r3ind f r an  t h e  c-~rvc; .:.r:.lm on i,ke r.bovc 2rz.x.r;in~. 

SJX C:.Lvar. E1~servoir E v ~ - o r z t i ~ : n ,  Tiir::>er;turi rdcsr2.s ?.rs r ~t 
-Ap-.-- -- 

c.vci1~blcl Gr Lax C-;-~,vn, A?. 8;cor:s f o r  t,h ::$?.thLr Burvcv coo: irrt- " .  
ive st:t.ion 2t  i:Lekeiibwg, ..rizsn?, r-rure usii: instuz.2. P i s  stc.i,ir:n 
i s  l-.cztc(1 -,b>ut seven i-?.ilL.s i'.c;:qstr~?x £m:1 t:~; i-zsrrvoii-, ,?nL 
c1ir i~Lic  c~n- : i t . i~ns  c.rd EJ~ .  :,~:.t~ri?,LPf c:ir2tirtin4" fm:7. i h z w  c.t. i i . . ~  
s r i  i t .  ??ti :;~T:I ;:~x-l t c  ;,;.:.t.?rru c t  i;ici;-nbupI- i s  6;,, 7. 
Tho' cstir :ct~L uv:.::orztion c t  k x  C.~iyo:1 R,s,rv,>ir, t h n ,  i s  5,0 '1 i 
c ~ n u - i l p .  

k r i c  1353 t.5U occur by L~~z:!or-it.icn c.nL t,rr..ns-,irr.tiar. :*r.r;l t 5 ~  J cmu.zl ;>ruci*tatian 0:: th," 12~::s .~?:~ich xi11 bu 5?-L~:?.::.t~t!. Y>.c r.v-ra:a 
cnnucl .%-~ci2Lt;.t.ti3:1 i zt t!i~ r e s e ~ v ~ i r  s i t < ,  isti:.?.,?t~? fr:>i? P L C ~ ~ : ' . S  ~t 4 
b:icic,2.7ul*r 7;- .' ' ' . . .-,.. .!-lzut Gmvt., i s  1.17 f i c t ,  of vi::ich 1.6 foot i s  l a s t  
2.t ;n-csmnt, inrlicctinr. 1. 3%: .:irr;;~r:tisn l o s s  of 4.0 f ~ 2 5  ~?~iu?.I.lr.  
T c b l ~  10 s!io;'!s t h c  :l~riv:tion .sf t he  :;G?-T, iS.xith1y cirz;lor:tisc i r ?  

. . fuc t  c t  EG:: Cn::pn P.-s,rviir :n2 Dr2:in: 63. ?!1-11-53 :.ivcs r.xlthly 
avq7or,?tisn curvds f c r  t$.c v:.ri?us r , s ~ w ~ 3 i r  cz:xcitivs. 







Tz,ble 10. - E s t i m t d  ~wnti-Jy d ~ ~ 7 0 r 2 t i o n  2t 
Eux C-njron i2ts;:rvoir S i te .  

. 
-.-- 

: ( P c r c ~ n t  j : (Pest)  % t h 2 * ~ e t )  : (reei) 
i 

Jcnuzr;r : 3 : 0.15 ,? : 0.11 : O*l!;: 0.13 : 0.0 
0.1 F ~ ~ I U . X T ~  : 4 : O.X : : 0 . ~ 9  : 0.16: 0.13 : 

Ncrch : 7 : 0.35 : 0.06 : 0.12: 0.09 : 0.3 i 
~ ~ 2 r i l  : 10 : 0.50 : 0.05 : 0.07: 0.06 : 0.5 
&y : 13 : 0.65 : 0.01 : 0.02: 0.02 : 0.6 
Juns : 1 4  : 0.70 : 0.01 : 0.02: 0.02 : 0.7 
July : 14 , : 0.70 : 0 11 : 0.18: C.15 : 0.6 
i~uLus; ; 12  : 0.50 : 0 . 1 1  : o m :  0.1.7 : 0.4 
S r  : 9 : 0,&5 : 0 C& : 6.12: 0.10 : 0.4 
0ct:bi'r : 7 : 0.35 : 0 ~5 : 0.09:. 0 . ~ 7  : 0.3 
Novrr.foar : L : 0.20 : 0 05 : -0.11: 0.68 : 0.1. 4 

Tr:.nspirzt~i~i> ;LC' E~r ; . :~or~ . t i3n~ Zr.rlii.r ; k n s  consi,'.~r,-i. ?2y oth2r 
n-a;. ..J- i n t c r i s t s  l o r  t:i.e ;ic..ss-:r?~.~- r.i- I r o j G - t  cvnt;;.~.:l?tuil usi!~,, t h e  " - - - ~ -  

x.~;? River t~ c;??ve:r t!?i i.r:.t.-r f r o ? ~  t h ~  rGsc1-voir t o  c 'livbi-3i"n 
s i t e  7,~:hurc t :?~ !=in c:nd l,:.vtis t IL r iv-r .  I n  h i s  1;ttci. t o  t h ;  
Svcr i tary of t h i  In tc r ic r ,  :.;.ta.2 D;c6r?oc:r 7, 1931, tl:; l ~ t c  !;. .;. 

. . 
F i  cn::izuer f o r  t : ~ u  ,.rizon- i; .tor C;icscrv2+.ion 3 i s t r i c t ,  s t  .t,-s 

, th:.t h.".~ i:~~.~:,i,c?. 'rIr-~~::.y:i.!:;; Rir-r  -r.dlby f , ~ ?  16 ::Llc~ bcl:,.; :,?IL 

Box   alp;^, 2r.S i?c.s t - s t d  t j l ~  s :~;  f o r  ua<cF~roun:.'. ',r?.ts~ su:>; p. 
I iihilc, uxci- t i n n  ~?.cy bc t,?kiin t o  !!is c s n c l u s i ~ n s  c-s ri:.cr-:s 3:oun~ 
a c l  : .vai.lzkilitg of un2.i-r;rdun,'. u:r.!.~r, c~~rLfcr-ncrs k:r ., re~i:cscnti~- . 

ivzs  of thi; B;r-c.~ -:iti: thosc ~.r:io -.ssist 2: i n  thc: rl~:sur~;:~nts . ,. mn~.lc?.t~ :;fi:~i;;ly tkt tbc  7.!ork ?f :~-:.si~ric;: i : rx c:.rGf11.ik.r 221;. 
thor i~u:hly :oni. :Id &:.tqs tt-.zt i:~ thL  l C - ~ ~ i l e  lei-, .th tkc: r i v - r  
buttcr.is c.iv;r ;:I ?.r;z aoi' 2,G'79 1 3 ~ r 3 ~  2s t : ? ~  :livursion s i t l ;  ; i ~ ~ : l ~ % d  
by :;I,. F-rish i s  l j  r : . i l~ s  kdloi. th.; 33x Ccn~~or., it is  2suur;c.: t?r.t 
tho :.re?. of thc  r i v L r  i~atto;.:s b~tl;.dta tth;sc: tw ::sints i s  1,733 r.cl-cs. 

Consti-action oC s tor t l ; .~  resi;rvoirs an str4::is i n  sout:lirn .lrl.zonc 
. ,  . h;s i>:~(::rj rrsu1tc:l i n  z i>c.r:cL2 .letLricrc?tion i n  chz.a:ul C?;T.CLT.L,-~ of 

t he  s t r i ; ~ : , ~  bols1.r t h ~  r L s , r v ~ i r ,  iuL t o  L:rc,..rth df i.i:tc.r-lovin:: vc;,?t:t- 
ion. Unrc:~ul-ti;<. X1oo.k 5r .v~  tun~lrc: t o  k c  cl.l?.r.n~ls scdur,;l c lxr . ,  
m;. - h n  . . scr-!; f1'33~:3 2:-u r;-:~ce.'. i n  :~ . : uu t  ?.nL nu-.her ty r e  ul:..t.in.. 
viorl~s, c h x n d  c : ~ . c i t i i s  -.ru do r;.iuc;il th.ct i n  :ic.nj. c?scs 1.31-i; Gxr,:e 
i s  .:one by s:.!,-.ll f l 3 o . i  ?;;,a ti-s t:iu c - su ,  f o r  1.-.r:ir l'lo3,s i n  thc. 
u n r ~ s t r i c t d  c' 7.. r ~ ? o l .  ..t s3i~.i. ; I ~ Z C G S  i n  t he  Sc l t  Eivcr it i s  cs7:i 
i r~ ,oss ib lc  t'.? cross t.kc imivrr t:it!mut cho:.;i;l~ r. t r z i l  tliroc, !1 
t!?o unL~r'srus!. :.ni !;re.. .. :.rovrth. 



After ccmpletion of Vne storage viorks a t  Box Canyon, it i s  
believed t h a t  i f  the  charnel of the  I!assaympa River wwe used a s  
a c a r r i e r  of water t o  the  diversion point  it would follovr the sane 
processes a s  h a m  prevaued  on the  S a l t  and Gila Rivers, and become 

I 1 

covered with a growth of cottom~oods and general phreatophytes; l-1 
however, in termit tent  sp i l l i ng  of Box Canyon Reservoir, f l a s h  floods 
from s ide  drainzge, and re leases  f r o m t h e  reservoir  f o r  d%version, 
would rcaintain a c lear  channel e s t h a t e d  t o  be approxiinztaly 100 f e e t  
wide. The t o t a l  area  of t h i s  channel i n  a length of 15 miles viould 
be 183 acres. Thus, f o r  conputation purposes, the  transmission losses  
between Eox Canyon and the  sukgested diversion s i t e ,  neglecthg losses  

I 
due t o  groundwater and gains from s ide  drainage, may be considered 
as the  evaporation losses  from La3 acres  of wster surface and wettcd 

I 
sand, and 1, 550 acres .  of cottonvrood t r e e s  &nd g w e r a l  phreatophytes. 

In  the  re?ort  by the Geologi~al Survey of t h e  United S ta t e s  
Departnent of the  In t e r io r  cn I'iater Resourc~s  of t he  Safford and 
Duncan Virden Valleys, acconpanying E f lood control  report  on the 
upper ; i l e  River by the  iny Engineers, the  consw.ptivd use of 
phreatophytes i n  t h e  h n c a n  Virdsn 'alley, v(h10h i s  similar t o  thc. 
por t ion  of the  Hassayampa River Val: ey u n d ~ r  consideration, v?zs found 
t o  be 5.06 acre-feet  per  acre f o r  tke  water year 19110, 

01 t he  bas i s  of s tudi2s  mde b: th* Bureau (see chzpter on 
"EvEpo .ation") it was determined tin: t t h ~  annual file water surfec e 
evaporit ion from the Box Reszrv?ir \-ill be 5,00 f e e t  par  ycar. 11 t he  
above-lentioned k o l o g i c a l  S=vey r tpo r t ,  tha  r a t e  of evaporation 
from w :tted sand r e l a t i ve  t o  t he  rat e of evaporation from a f r ee  7 a t e r  
slurfac? is found t o  be expressed by the f r ec t ion  70175. Hence, i l .  
t h i s  c lse ,  t h e  annual evaporation flom vretted sands w i l l  be appro:.i-- 
mately h.70 acre-feat  per  acre. Thf ss evaporation and t r a m p i r a t :  on 
r a t e s  include prec ip i ta t ion  which m~ s t  be deducted i n  order t o  obl a i n  
net  losses .  Table 11 shows the t ra r  sp i ra t ion  and svaporation, by 
months, which il-odd occur i n  t he  Eas sayawa stream bed f o r  the  ~:al e r  
year  17b0, based on the Duncan Virdt n Valley studies,  &s given i n  
Table 10 of t h e  Geologicei Survey report .  The monthly preciyitat:on 
i s  f r o ?  the  :Lather Bureau records z t  :rickenbur&, since t h i s ,  town is 
loca t e1  approxim&tely halfway batrvekn Box Canyon and the diversior. 
point. 

1-eatophyte - A deep-rooted plant  which obtains i t s  water from - 
t he  water t ab l e  o r  thu layer  of s o i l  jupt above it, Webster's 
unabridged. 



- 
*t. : P;~r~ztc-?k&~+ -- 

: (Unit-f c u t  j ; 1 
Jm. : 0.11 : 0.1$ : 0.05 : 0 .OC 0.W 
Febr.: 0.09 : 0.19 : (1.12 * . 6.00 0.GO 
Mcr.: 0.06 : 0.33 : 0.20 : 0.16 0.10 
&r. : 0.05 : 0,LJ ; I 0.44 : 0.62 0.y' :I 
2 : 0.01 : 0.61 : 0.60 : 0.78 0.  4 / 
Juna : 0.01 : 0.65 0.65 : 0.85 : 0.g,+ 
.July : 0.11 : 0-65 : 1).57 : .0.80 . . ... 0.7" 
I L U L . :  0.2.4 : 9.56 : 0.45 : 0.79 : 0.6.3 
Sel't. : 0.C8 : 0.42 ' ) -36 : 0.53 : O.L! 
Oct. : C.05 : 0.33 8,d023 : O.$ 0.4 1 

i 
1'. \avo : 0.05 : 0.19 : ~),12+ : 0. GO : 0.C') 
Dsc, : 0 ,, 13 --.--L- : 0,1!+ ' . # j.01 -L . C,CO : 0.6,) 

I 
Totrl: --- O , C 9  : : 32?? : 5,06 4.5 3 

r/ P l o c ~ T ~ ~ , c t i o ~  l!,>s c ~ n s i i e r c i .  2s 50 ;~?cont .!f f c-ctivc! i n  of ~ S L  ;tLl:: 
ev?.?orr.tion fro;: n trctteil s~xc! >rue 7.r: 103 >urcc;lt off.-ctivc in c .'fsctt- . 

' f 
t 

in: evc;;~rction pi??. trms:;irc:ion f r i n  c ;1hrs,zt,:t.3:)Zjhc; crec. I 
m 1l.e pe t  evn;iorntion f r r i i  ?. vrctt:i s;r,d. ere2 i s  3.99 c c r ~ - f ~ t  ? e r  f 

ecru; t n  en crc: qf lt'? 2crr.s t h i s  rji>r;s;nts a t o t21  cnr :~d 1 0 s ~  3f 
750 :ci~e-fout. Thh- ndt l o s s  of 1;..53 rcre-fs-t  - ? u r  .>crd, 2s shcm for  
trm~1~l'i.rc.ti9n ch.? ov-;:orction fra?. tile ;;l;r,3?.t.tii:k.;d:.ca area sf -> 2 -3G 
?.crus, w i l l  [ i v c  ?. t s t e l  c rnu l l  l o s s  cf :,C50 ccrc-foe+,; t?:us, tile 
t o t c l  r:hznnel 1cssi.s bciwien 2sx C m  :~;.n E;$scrv3ir ~ n i  t lke i . i v~ r s ion  
<.a2 ;>rcs-)osc~'. b:~~vliL '22 7,f?03 zcrc-fcut ;:>r yi;,?r, oquivz.ld?t t 3  2 w-lf;  n:~ 
florr o'f 11 s ~ c o d - f t ; t  . 

The ts-:rn of !iickzn3uri: nsw uses onc sueon?.-foot for  i t s  ilo;lest,ic 
wztcr :iu,,ly. If m ?.llov:-ncs be r ! d c  f o r  100 2irccnt incrc:su, the: 
I I !  2 ti6 S C C O F ~ - ~ V L + , ,  of !.:tlic!~ c t  li 'st 50 ;icrcsr.f ~ 3 u l l  
re turn t o  t h e  s t r ~ x i  cs ruturn floir. T?:u !;&a1 .l~.:uctior, rra:.: irri;lst- 
ion wztm bctwoan EJX C L Y ~ ~ I I  .?.rr?ni: the  c'.iversjon 2:oint i s  thus bsti-..?-tb-' 
c t  12  axon?.-fsit. 

Tuni'.in.: t o  o f f s - t  t h i s  loss  c r e  t h e  surf:cs ;nd uni:er:raun..: f h w s  
of t h c  r iver ,  conirit;~:ticl by sii.e i,rr.Ll?i.e >;low ?ox C2~yon cn2 ",.c 
>ort ion of t h  w2.erl:r~u::C flo:: w;-~icl: l ;>ssis sox C:r.ycn ;nCL i s ,  th-re- 
fore, uncccvdnt~~'. f o r  i n  t he  vr:.ter ass1.ir;ii: ;.s : . v ~ i l ~ b l r .  f3 r  sto:.?..,c. 



tn accur3. t~ e s t i ne t c  of t h e  contrik.ution f r a a  s idc clr~in2.;:o w i l l  
requirs  records cmilri;ic m. cxtincled p r i ~ d ,  inwlvin;; conslibrcblo 
q ,cnse,  2s t h e  i n s t d s t i o n  mi! m i n t  cnance of :-r?~in: st,>.tiuns rroul.,: 
,5c niccsscry, :io%icver, f r o 3  ina;~ccti.ox of t hc  s t r izx  mi'. 2 -~..nui-:.l 
knowle?.;o of t h e i r  chz.r?.cteristics, it i s  vicll ustablishu<:tl t!?~t tt!:c;p 
contribute only t o  t h -  surf-cc flow. of t!le Hcssq-a.~y;a 2iv:r ct i n f r ~ s q ~ ~ ~ n t  
i n t ~ r v a i s .  STrcu st3rcye of si'e Crc inqa  'oclovr 30;; C m p n  i s  ;nt con- 
tc.r;;llcts?, tho c f fcc t  of tl-ies:: flooc.: fflovrs on chm?r;l losscs  w i l l  
necessar i ly  bo mcll, thereforb, tho th in cont,ribution of the  sii:i: 
c!roina::i: r-xist LC i n  thr. f o r .  of uni ' .~rfio,~.  

UnCerflow. ,a ;)u;;;,in: tos6  'as n2f.k i n  tllc smr:.i.r of 19LO Sy tho  
B u r ~ s u . ~  i2  coo:.er,:.tion i i i th t% i.'!it+i.ann in te rds t s ,  t o  c s c ~ r t c i n  the 
unc?cirflow 2t t hc  l c r i s h  ciivursion s i t e  i n  o r l e r  t o  Leternins :i1ct.hir 
the mierflov! vrouii: be svf-1icit;n-l t o  su:-;:ly c ?ar t  c f  t h a  irri;z.ticn 
roquire:iants. ., t c s t  :$ell trss CrLver i n  t h e  i:iiillllc of t he  r i vc r  
c h ? a ~ e l  t o  r-rh-t -;:zs ;>ri:sx-is,i t o  be, bi:2rock. Obscrv:.tion :.;ells vrcr,: 
plzccu! 2t . t~c in t s  iqjstrs?~:~ zni: io?;;lstrer?s~ fr0i.1 t h i s  t e s t  ~ ~ 1 1 ,  m-C, 
from them?, :?.d.-.surei:;.?-nts w ~ r z  ~ . l u  0:' +,he vcrir . t iols i n  un~.ur:rom.. 
wcter 1-vels  vrkAl2 3~;~:: . - f r x  i,hc :.eat we& Tho f i d d  cl.2.t~ 
c o l l z c t ~ i .  v r~ rc  inkinLc3 f o r  suk.stituiior? i n  TL.ie:::?'s fum.,ula t o  . 
ascg;rtsin tlie ::orosity of til? uq.'lc:r,~:~ow..: c3sancl. Thc.locLi,i3n 0:' 

t he  t i s t i n :  u fici2::;z.s not ~ i e r ; ~  s u i t s  l e  f o r  t h z  yur;:aso, a s  t he  :x.s 
of thc  cons 2.t .ti.:ht anyles t.3 t h ~  r:.vcr ch,cnncl !r:s so s i ic l l  tkt 
i n s t 3 2  of c. c i r c - d c r  hZse tr i th t h s  :;Z-.:I; l o i r u l ,  thz  conL took thc: 
sh2.p c f  3.2 ir:c:~d~i- ~i?-i;:sc witk t':c ~:;t.,r 1c.vc:lo on thi: s X e s  
r o n o r d l y  lsurGr tilcn ct t h e  c i rcui-r  on:.'.s. Trcv5lc S l s u  7 : r . x  ~:::~r..cnc- L -  

C: i n  c ~ r r g i r . ~  t h e  : ; t o r  ;-e;ei: froi: t h u  t c s t  troll i.o~l;str~;%; ; 
suffici2r.t < i s t a c o  '~eyon.2 t h  idlu..nce of t : ~  ;)uz.,in,: t u s t  t o  
2rc;vcr.t i t s  r0tu.m u::s~I"LL-:~ 21: nw:i:mus LrsckLor.ns i n  tL.3  ;w.,;in; 
cqui;;ncnt :?r~vcntcc'. continutius st ec2:: ;,vrr;:ic: ovdr 2 suf f i c i c n t  
;xx-ioC t o  furnish i.2.t:. f o r  us2 kii; thr: T!?iex fon;llik. 

J1 ':z.t;tc acc~lr.ul?.ttccl 1-rerc stu?.i.:< '.$ t h c  Tucson office,  Gr;:m.: 
Water L i ~ i s i o n  cf t;?.; iec1o;ic-1 S~rre:r, >ri.iic:l ~;la-?~rctc.- ' .  ; i t h  t:lo 
Bure-11 ii. i i s  stu:lies. Tho c r r c t i c  ,loturc of t:?e Cat- rcsrJtt.2. i n  
two vrJuks of ui~dorflow by t k ~  Geoio . i c? l  Surrvc.y, n r:Lnii~*-r~ of 0.1; 
scconi.-fcc-t a . l i  a r:?xi~m of 0.61 su:o;lS.-2cet. 3r.sccl on t h z i r  
eq~c r i~ .ncc :  on tka  S ~ U L ' . ~  c f  ..r~lil;' ~1.'- ,;-A, 7 t>,i Tucscn offic,: of t he  
Gcolsr-ic2.l Survijr i s  of t ha  o-:inion ti1.3t tkd u1~Lcrfloi.r c t  t h e  p i n ;  
of tdstin:: i s  not 1BI"i then 1.0 seco::2-fo~t, rn:: cn3 cor?st&t flo'.~; 
a s  ;rs:.t a s  7.0 o r  8.0 scc2nt:-fcst, -,!Pick ticre ;7ur,?-)ec'. a t  d i f f c r cn t  
t i n u s  i.urin:( the  t e s t ,  csrc v i ry  :.lafi.iitcl:i question.?;lc zni'. ;,ro'7:.Sly 
ori~ir-:.tea irori ;rouni'. st arc:.^. 

.. Est i r~c tos  nccc by ti!+ D ~ I ~ L ~ L ~  a r c  cs fsllovrs: Tho cross-secti:ncl 
area. of' t h c  u~derjrsur?-d. cch~nnul r.t tilo Ci i r~rzizn ;oir:t ~:?,s foun2 t>  
be 32,000 squzrc fcu t ,  tni! i s  'Jcsucl 3n tkt: c>:3th of the t c s t  :roll 
(103 fo - t ) ,  thi. liiilth of t:;~ r ivu r  c5r.imc.l (325 f u ~ t ) ,  c a d  t he  : : ~ n . ~ r a l  
slo?e of t hc  ccxyor, t ~ a l l s  (;,:I): 



Unc:or;.round cross-sectiun,Q :.i.&,> . . . , . . 32,000 sc;.fE. 
Torosity of unier;.rounc! crec. . . . . . . . 35 ;jrjrccnt 
S;;ecific fie12 of n.~.!~r-r;lu$ crcc  . . , . . 1 5  ;,ciccnt 
V ~ l o c i t g  of wii.crflsw (min.) . . . . . , . . 0.0C.012 ft.,/scc 1 
Vulocity of uni?crflot: Q2cx. ) . . . . . . . . Q.Cci07 ft.,/s;c 't 

i 

Thcrcfore, it seem sa fe  t o  c s t i ~ a t e  t h e  un2erflo:f of t he  Ilrss2.y- 
1 

a1;n River z t  t h e  Fcrish cliverkion :mint cs not rioru thral 1.0 sdcon2- 
1 

foot. 1 
Invsst&fctions n?,<-o by i f .  2.. Farish, on t h e  i!ass;.:cqa Rivcr 

f ro3  t b s  iliversion y i n t  ti, th;: 3ox ( k n p n  b;.: s i tc ,  covord  c ye?r 
;ni 2 h5Lf i n  ti:le, ,mL inclu'dc: ml.:rous c x ~ c l y s ~ s  by 2 Los ..n;cl~s 
c r l  l c o . t o r ,  of szii:dos of t,h3 I'LV~T C~I?VIUI t,o obtziii C:IC 
.. ' ~ r c c n t  - of 10rasity.  The 2v t . r~ :~  of t h e  h i ;h~s t  vziu-s obtcind.  ran 
about 3 j  1-~orccnt. Tho Tucson o f f i ce  of t h e  GrcdnG ?ic,tsr Division sf 
the  Gcolo:.iccl Sbrvuy sli?.t+s t:.:t i n  th,: G i l ~ .  V?.llcy the  s::ecific 
yiel' of  ~~li:crr'ouncl b-slns i s  20% o7?i;r 1 5  ;orcant. T?e Sz.lt Hivir 
V2bluy i - ter  U s ~ r s '  ~ . ssoc ic t ion  s-lctt;s t hn t  it e s t i ~ ~ t d s  th;,t gro~a!.!; 
unt-r i n  t h i s  section i?.Jvss c.t t:le r.:te of r?~out 10  f e e t  ;:cr :lcjr. 
This i s  io_uivd.ont t s  c f l s ~  of O.CJJ12 f z e t  ;x-r scconil. Unilt.r;;rctlnC 
W-tc-r i? t h e  S m  3 1 ~ r i i m C 0  V?,llt,y i n  :!zliforni?. c:oves z t  th;; r:kc c f  
onoctilir& of 2 -Ale ;:er wn th ,  1iLki2c.h i s  ~quiv:lont t o  1-. f la t?  ;if 0,2007 
f d u t  :x r sccsnd, Eu l l a t i n  i 5 ,  DP,%s: .on of K s t t u r  ~ ~ S O U ~ C L S ,  Dc;~:~.rt:.~vct 
of  Public ;!arks, St?-to of Czlir'orriiz, st:.t*s t h c t  ttiic .l;:&1~1 s - ~ c i f i c  
y i u l i .  ~ ~ b c ~ c b l e  un2.~r t h e  rmst f:.v3:-c.'~le conditions i s  n ~ t  o y ~ r  :5 
~ e r c ~ n t .  

m 
1'~;. .c%ove stui ' iss lei: t o  ihr: co:lclusion t h c t  ~ ~ L e r f l o v r  i s  nti:li:itilb 

vihcn ccns5.'.crcil cs a sourcc: of water sq;~l~ f o r  irri,.?.tion. 1 
Strza-1 r~c-surczs-nts r:-~:..c. by t h z  Eurecu i n  2:u;;ustlyL2, f - i l ~ i  t o  

- Lispr: i~e thcsc conclusiocs. Tl~csi; :~ ; ; s~ar~~;~ .~nt . s  xmrc: ;eLu ~t 2 tLj 
whcn strsz,i f1or.r i s  consii'.~rec? c brs'.: f!.ow, thi. riv.;r bLi:l~ -? ,"lcc.:sslon 
of s i l a l l  surf ccc flows vi;_ti? jlltcrvcn.Ln~ strctclics of c h ~ u ~ i l .  
-. 
ficcsurcconts wsri: ~1t.i:~. ?.t .t,,Y,it.i Pcin; 2buut 2.5 ri1:s cbovc thc  
Civcrsion A:oint, .LC.?. 2.t tk.2 2iversio;i p i n t .  2s ful.lor.w: 

No. n._-_ - Dc.tc - i 1-.G - Lot:-t ion - 
1 6/18/42 ll:CO 3.i:. I ~ , n . ~ t i :  , . IJoint 3.21 s ,  f .  

*2 8/18/42 2:CD ;>.=a Divursion Point C.111. 3. f .  
3 8/20/1;2 6:30 c.r~. Di:i~rsioc Poin'; 0.59 8. f .  
b 8/20/@ 7:30 3.1;. 1;lzitl; Poict  3:bl s. f .  
5 8/20/&? l o t 1 5  r . ~ .  Divorsio:? l o i n t  0.611 s. f . .  

.v ,- ..t 3:30 ;:.:I. ?:I; r i v e r  c i l i ~ l i l ~ l  ~:?.s e l ? t i r ~ $  Sry fur  a :ist:mcs 3f 
about 1.5 : d l c s  2 i x ~ e  t h e  .Yiv~rsion pir.t. 



The lo s s  i n  surface f l a v  between !,bite Point i n d  thc  divwsion 
pa in t  cannct be accounted fo? by as swing  it i s  a r i v r r  transmission 
loss  to  thr' ulderf lox. If it vrcre, t he  surf ac; flovr would not . r i t r e a t  
upstream l v e r  a ~ i l e  and a half  d,wing tie heated p u t  of thi. dty, a s  
it does daily.  Such losses  must be l a r g ~ 1 j  accowtt;d f o r  by eiiap-ra- 
t ion,  ?-nd t r ansp i r i t i on  by p h r ~ a t c p Y y t ~ s  ;long the s t read coursc. 

Stadies of t r i b u t s r y  vrashes inciicat~.  they have l i t t le  ef fec t  ts- 
wards rcducing r i v e r  t r a n s m i s s i ~ n  losses.  Their surface f l o v r  i s  icnown 
t o  be extzerely e r r a t i c  and us r~a l ly  sc.-.nt;r. Vnerevc-r t h e i r  charinals 
have baer inspcctcd, there  i g  no vegetztion near the  channel, which 
is Usualiy an indicat ion that,'gruund x a t a r  i s  nore than 50 f e e t  bdoiv 
the  surface. Thls i s  confirzed by s tud ies  of t he  Bureau rade on the 
Easseyaqa River on June h, 1941. k t  t h a t  date there  was a fl0Pr of 
li.5 slicond-feet e t  t he  Box Ccnynn 3ain si%, and 1.18 secund-feit at 
t he  di-iersicn point.  The stream was a t  a f a i r l j  constant stage, 
though s l i gh t ly  f i l l i n g .  Ths sti-bsr. was ccntinaous b i t ~ ~ ~ s . e n  t h l  tvo 
points  and var ied i n  width from 6 t c  100 f ee t .  Tha iiverzgi tenpt 'ature 
fo r  thdi day rt  i.ickanbuyg was 7 d e g ~  t-es below nor~a2. f o r  the  zcnt.1. 
The prr2cipitaticn bad been cbcve riorral f o r  the  r-onth, and also f j r  

the  pr:.or 6 mont,hs; it t c t t l e d  iO.90 inchss abcve norrial subseque::lt 
t o  Cec,?nbar 1, l9LO. Evaporation ricc:ds z t  dcosevelt C v l  shc71T t'lo 
evtpor.:tion i o r  JWS L t o  bb 0.35 i r rhes .  Redcced t o  evapor2tion f ron  
wetted sand, t h e  cvqora t io r .  f c r  t:q: dar  VIES 0.252 isches. A t  t h !  
t i n e  0.' study, t n c  lvat6r. ;\ias sprard: cg over t h ~ !  greater  pc.rt of t : le 
channe:. i n  places, and the area cqu?valon% t o  vr-tted sbnd i s  est1:lated 
a t  a b c ~ t  ont-hclf the  t c t a l  ckanr.el arss,  c r  666 acres. Eased on 
these :onditions cn2 considzring re ;e t ive evapcration i n  t h i s  z r e l  it 
Was Caputod Clat  tho t s t a l  .-vaporat ion 7;uas couivzient t; a f l o ~ i  ~f 
11.45 xccnd- f~e t .  Ths dx fe rence  i n  surface ficm bete:een Bcx C E  iron 
and th-2 suggested diversion pe in t  7;; s 10.32 sccrind-feet; t he  evzp ~ r a -  
t i o n  l , ? s s  vras il.& seccnd-feet, on1.y 1-13 second-feat was receiv.v:d 
a s  inf:~ovi f rcn  sit-. drainage wderf?  osr. The 1.13 sec 2nd-f ez t  inf ..ow 
is ?rc;:)ably e r..axinuc, sinc3 thc  nessirements wqre r?.ade during iin 
except:ionzlly tiet period and r.~axinm: e v q o r a t i c n  losses,  part icul. ;r ly 
with regard t o  t i e  area  e:qcsed t o  evi ip~rat icn,  were used. Eigh .>us- 
ta ined f lcods  dwing  the previous ncnths ncy have r e s d t e d  i n  sums? 
S m a l l  ~ : v n t r i b u t i ~ n  ircm bank storagc. 

C:-nsidering the s ~ a l l  a ~ ~ u n t  cf underflcw i z v u l v ~ d ,  it ray  bba wise 
t o  disregard it a s  a n ~ e n s  cf rsducing r i v r r  trsfismissisn lcssas .  

Concl~~sions.  Eased on the s tudies  of channcl lossas  b&t.trrecn the -- 
BOX Ca~iycn and t h i  suggssted diversion point, it i s  t o  be c:;ncludcd 
t h a t  t h e  greater  p a r t  of t h s  innuzl channel l c s s  of 7,800 acre-fec;t 
must b ~ :  su2plied from storod water re leased frc.m Eox i ~ n j - o n  Rescri7cir 
before i r r i g a t i o n  dimands can b- sup?lisd, i f  wztzr i s  t u  biz d+livcred 
through the  riwr channel, '3s intsrvening drainag; arza of !liirt:.r,cz 
Creek, Ss l s  :riiish, and Santc ilcmingu ,iash, t ~ t a l i n g  about 390 square 
miles, w i l l  ccntributa saxe r m o f f ,  h t h  cn the2 surftice i n  the  ear.ly 
spring and a s  underf l aw during l a t e r  ncnths . Dcf i n i t  c: i r fsrc>.~t i?r?  
i s  not availzble,  nor t a s i l g  swcured ~ i i t h c u t  extended and cus t ly  
studios, is t o  t he  probable emcunt and distrilcuticri ;f t h i s  inf1fi.r. 
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The amount, and i t s  ava i l ab i l i t y ,  i s  such t h a t  i n  dry ;-ears it can- -. ' 
not be depended upon t o  o f f se t  t he  losses  i n  t r ans i5  of waters from 
the reservoi r  destined f o r  use on the  project .  Kith t he  iimitel! 
water supply available, a -1osed conduit f ron  the reservoir  t o  tke  
diversion point w i l l  save rrator in an amomt suf f ic ien t  t o  j u s t i fy  
the  ccst ,  a s  coxpared vrlth the p l& suggested by fir, Farish and 
others, f o r  open charnel flag i n  the  streambed and the  u t i l i za t zon  
of a diversion cia3 a26 heartworks. 

Introduction - 5 
# 

Surface waters. Three clhsses of suriace water r i gh t s  a r e  
recogrized i n  ~ r l z o n a :  Those veste: according t o  l oca l  custom, or  
under Federal iav~s enacted i n  3.666, and 1870, codified i n  sections 
2337 2nd 23b0, respectively, of %he United States  Revised Statutes;  

. / 
those decreed by the  district courts, und= t e r r i t o r i a l  laws of 1987, 
p r e s c ~ i b i n g  the Earner of acq i r i n g  water r igh ts  by appropriatior; 

1 

and tt.ose perfected -x~der  the  S t a t e  'luzter Code of Is$. The Arisona 1 
Suprethe Court has he12 tF,e 1919 codc t o  be const i tut ional  and, 
fur ther ,  t h a t  a f t e r  t h e  adoption of t h e  code, water r i gh t s  cannot be 
secured i n  any manner, except a s  pr~sscribed bj. the  cods or by it as 
amendi d. 

I 
(>Pound Vvater. The s t a t e  have ruled t h a t  under exis t ing 

laws :- 

a )  Su'cterra~ean waters a r e  nm,t  s u b j ~ c t  t o  apsropriation, cnless 
it cal. be de f in i t e ly  and co~lclusive y shown t h a t  the  subterranear 
flow -s i n  a natu-a1 channel 'bet:r.;&~ veil-defined banks. I n  t he  
latte:.  case, the  svbterranean streal.1 i s  subject t o  appropriation 
under t he  same ru l e s  a s  surface str?ams. 

:b) Groun6 waters not c0nfine.i i n  well-defined or def in i te  
chznntls have re jea ted lg  been held .,y t h e  s t a t e  courts  t o  be the 
props:-ty of t he  mner  of t h e  land w d a r  which th+y a re  foufid. 

. :c )  The r igh t s  t o  surface f lmi  of t he  Hassayz~pa Ziver con- 
stitu-,e a va l id  claim t o  t he  subsur:ace flow i n  t he  stream bed. 

Ecl€tive p r i o r i t y  of r igh ts :  'Ch;: Arizona u,ater Cod5 recognizes -- 
the  doctrln: of ' ' f i r s t  l n  SLTO i s  first i n  r ight ,"  and p r i o r i t i 6 s  of 
the  r e l a t i ve  r i c h t s  &re determin-d by the  courts, or  by hearings 
held ?or such purpose by the State  .-and Ccmmiesion?r. The r i & t s  t o  
the  Hassaympa River fiovrs have not bezn adjudicated. I n  f a c t ,  fw, 
if any, such d~ te rmins t ions  or  adjir i ications ha~rz yet  b2:n made i n  
the State.  The re la t ionship .F~. .b~rea~l  t hc  vested water r i g h t s  on the 
Hassayanpa River i s ,  therefore, not known. Neither has a r r l i t i v e  
p r i o r ~ t y  been bstablished beti~i-en r i g h t s  on the  Hassayampa and tko6e 
on the  Gila River be1o:v the  mouth of the  iiassayanpa. 

Existing Rights 



Present Uses. The land c l a s s i f i ca t ion  survey mde by the  Bureau 
shoved a t o t a l  of 470 acres now i r r i ga t ed  from the  Hassayampa River. 
O f  these  lands, 280 acres are  located above Box Canyon Dam s i t e ,  and 
170 acres are located between t h e  dam s i t e  and t h e  mouth of t h e  Canyon. , , 
The remaining 20 acres  are located about one-half mile below the mouth J 
of t h e  canyon. These Bnds  have water r igh ts  t:?rough usags ~vhick vrem 
i n  ef:ect p r io r  t o  t h e  passage o f . t he  present State  :Vater Code ip 1919. 1 

I 

I n  addit ion t o  these r i gh t s  f o r  i r r i g a t i o n  use, t he  Ci ty  of 
Wickenburg pumps i t s  do;nestic water supply from a r:eU i n  t he  HCS- 

i 
1 

sayanpa River on the  o ~ ? s k i r t s  of t he  town. This well  has been i n  
use f o r  m a y  years. b 

1 
J' 

The Walnut Wove Darn, inpounding about 10,000 acre-feet of rLaterJ 1 
w a s  constructed i n  1S%$-87, t he  water t o  be used f o r  power pro3uction 
and placer mining, This dam r ~ ~ s  destroyed by a flood on February 22, 
1890, and has never been rebui l t .  Under ex is t ing  law, any r igh t  a t -  
tachesi t o  the  dam r~rould probablylbr void, due t o  f ive  consecutive years 
of non-use. 

.?arther upstream, depletion vf 11 be very i imited;  the  land i l a s s i -  
f i ca t ion  show only 8G acres of an ble land, of vhich 30 acres a-.e 

I 
w i t h i .  t he  flo7: l i n e  of Box Reseiv ir. The -water sup?ly i s  in su ' f i -  
c ient  during d ry  periods f o r  %he p 'esent i r r i ga t ed  area, and s t o  'age 
s i t e s  are lacking, o r  too expensive t o  develop f o r  the  l imited a e a  
which can be i r r iga ted .  

I 
.Xghts undsr "rater Code. -- Fiv,: applications have been irade o t he  

~ t a t e x n d  Confissioner f o r  water 5 g h t  permits on the Fassayamp,. River 
since the 1919 h v ~ r  'vas passed. P e - r ~ t s  &ere issued f o r  three of the  
applizations.  Data on the applica,ions and permits a r e  given i n  
Table 12. 



Table 1 2  - k t a  on ; i a t e r  Right Appl ica t ions  and Permits 
f o r  the  HassayaP+a River--Y.iqai and 
Maricopa Counties.  

---- 
~ p p l i c a t i o n :  D3te : :permit: m o u n t  and Use :Acreage t o  

Number : F i l o d  : By h3om F i l e d  :Number: Claimed --- : be served - 
: 

R . 4 7  :ll-2?-21:Joseph Wittmann:R-79 :TWO r e s e r v o i r s  : 
I :'uralnut Grove & : . . '?, :Box, 120,000 A.F.: 
6-260 : l-22-22:3 11 " :A-342 :lo0 s.f. from : 

:';.alnut Grove & : 
: . + : :Eox Reservoi rs  : 

: for  i r r i g a t i o n  :17,,320 
A-1034 :lo-24-29: " '" 1 :A-701 :17 s.f. f rcm; ,a l - :  

:nut Grove & Box : 
:Xeservoirs f o r  : 

. : : i r r i g a t i o n  : 2,579.86 
i-155 : 2-9-21 :'J. D. >IcClerr;. :None :2 s.f. f o r  irri- :Not given 

:issued:gation i n  Sec. : 
:17, ? ,12~. ,E .4  b.: 

A-204 : 1-8-22 : 'ii. a. Young :None :25 s.f. f o r  irri-::jot given 
: issucd:gat ion i n  Sec. 4,: 

: : 1 N., R. 4 Ti. : 
---- -- --- 

P?rmi t s  R-69, A-3k6 And A-701, ware t r a n s f e r r e d  t o  %he Arizona 
Tiater :onservation D i s t r i c t .  On Ccc ember 21, 1943, t h e  S t a t e  Lanl 
Commissioner grantad  zn extens ion  o! time f o r  t h e  permi ts  of t h e  
Ariaon2 viater  Conservation D i s t r i c t :  t o  December 31, 19L7. 

Tne S t a t e  Land Comnissicnerls c , f f ice  s t a t e s  t h a t  i n  i t s  opinion 
t h e  Arizona '3ater Conservation D i s t r i c t  1s wa te r  claim i s  i n  good 
s tandiag  and t h z t  t h e  d i s t r i c t  sho1i.d not have an  d i f f i c u l t y  i n  
e s t 2 b l i s h i n g  t h e i r  r i g h t  a t  l e a s t  t o  1921, if not e a r l i e r .  Tht. 1921 
da te  i s  t h a t  of t h e  f i l i n g  of Josepk, 'r j i t tmam on t h e  idalnut Grove and 
Box Reservoirs .  Presumably, such a p r i o r i t /  could be c;ained on thc 
ground t 5 a t  t h e  s t u d i e s  and i n v e s t i g a t i o n s  by t h e  Wittrflann i n t e r e s t s  
s ince  t h a t  da tz  s a t i s f y  t h e  requirec:ents of a r t i c l e  1, p r r a g r q h  ?268, 
of t h e  S t a t e  Water Code, a s  fo l lows:  

"Time of cor..itruction. Actual cons t ruc t ion ,  exc tp t  --__.. _ __ 
undi.1 a p p l n c t l o n s  by a c i t x  0:. town f o r  i t s  municipal 
uses,  s h a l l  begin wi th in  on; ;.ear from t h e  approval 'of 
t h e  app l i cz t ion ,  be prosecuted iri-th reasonable d i l igence  
and conpleted w i t h i n  a reasona:,lo tins, t o  be f ixod  i n  
t h e  permit no t  t o  2: ice~d f i v e  years  from t h e  da te  of such 
approvel.  The com;i.issioner s h a l l ,  f o r  good cause shcvjn, 
ex t fnd  tht: t i n e  btxond t h e  f ivi! yza r s  i f  t h e  m2gnitudo, 
phys ica l  d i f f i c u l t i e s  and c o s t  of t h e  work writ such 
extens ion .  '1 



Dasnstrez.1 rifit s . The H:.ss:.~rs.i;>n Ri -~er  Joins thd G i l ? .  River saxe - 
60 rL le s  5clovr Bo;: Cx~.~on D m  s i t e .  - dl or'inzry f l o r s  en: -11 exce::t 
tho h i . .h i s t  , . floo? flo~brs sink i n t o  t ha  s:n'.:y h d  of tho  Hzssc.y:r~::?. La- 
fo re  thby rdtch tthc G i l c  River. ' 

- 
I r r i ~ > t o i l  l ?ds  sf t h e  Iloosevelt I r r i z l t i o n  Di s t r i c t  3:: t?le Euckcye 

likt~r Consirvc.tion cnsl:. Drzin-:_u Di s t r i c t  lii: rlon:. thu E ~ . s s c y q  s Rivcr 
no= its ~1011th. T'no irri~:.t.tio;l su;,;)l;~ f o r  fhesc: lm.'.s i s  f r s r ~  i r d l l s  

by :.iv*rsions f0n.1 th; Gilz River above tha  rlouti; of tI;e ?!cssc.y!:i.i:>?,; 1 
no ?.t?tteti$s hcvo heen r z l a  t o  .'.ivtjrt tho s u r f ~ c c  florrs f rox  t h e  l...tter 
s t r ea l ,  Leek of ~c'.equcte wcter ;:recluc:i:s i r r i i :c tM,;  these Ar4iiIs by 
k;uu;.in~: f ron  R:ssq-aL:r ud~ri?loum. 

1 
Tho Gi1lcs;:ie D m  on t n c  Gila  River, -':out 10  n i l e s  'd.tlot.r thi! 

rmuth of thc; Fcssz:r;r:?:lc, o%\m;L: by tho G i l l u s : ; i u  L2.m: znl C c t t l ; .  C : ' ~ > a f  - J 
i-~zs D u j l t  rfrith t h s  ex t c t z t i on  of i i v ~ r t i n : :  c i c r : e  n o u ~ t  of s u b ~ u r -  
fccc fL.0r.r f o r  irr i : :ct ion.  Thc L . r e s in t  concretc s t r u c h r i ,  k u i l t  
nbout 1921, rq;lcc~:'. one coili-;t.nicto'. i n  t,hc l29C's uinich suLst;cuel. t l~ 
fcile.2 cn2 I>-P.S ~bx~.'.on;;:l f o r  c m;':e-r of ye:.rs, 

I 
Tt,c :>resent, s t r u c t u r ~  vrzs sq,:.osG<.ly fu~m2c.l on bed r ~ c k ;  hg~~evc:r, 4 

wclls :.rille!.: t:his .2rcc ZsclosaS. suvur~i .  Cis t inct  1-~rz flows, 
erch o ~ . ~ r l c . i '  - i i t h  ;:orous :;ztkritl, m: it i s  ' sol i iv~:  t!:zt. tine l:.r o r  
;?mt o: the  w.:drflow zcy  Lo l o s t  t i r o u h  ;:omus s t r z t a ' l ; i n ~  ;el:w 

. . t h z  la...> flow u::on ~rh ich  ' i h ~  .Lx? K.E cocstructr;l. Tho .:PC. .. 1: r.51 
:-roviih t h i  r'x~uctc:~'. su;.::lg n.', ~.)11~~0_11cntly, t.hc i r r i :~ . tors  of 
S3i2.e lli.,090 2cres url'er t h e  ccnal fr21.l thc: :.xi were force!.: t o  L c ; ; ) ~ d  

'lzr;.el;- on t:io in-.:t.o,xtc s l ~ r f l c e  f l ~ w  of t he  Gila Liv.;r, conslst: ng: 
of flo,lC i ; c t ~ r s  rn: rc turn r'larr f ro r  irri:>tion . l i s t r i c t s  zbovd. 

L. 

T 
s t r i o s  of v : r d l s  k.:vc ;. ~3 C ' T i _ l l , ~ i  : . l~?. .  9 , e  c z x l  :,?;I ;rul~n2:,,1ter 
i s  ;>q~i,! t o  zy:;.lci;cn$ tho surf-ca i loLi  of t h e  Gilan.  : . ~ r t  of - .h is  
,'ro~u~L.rut'ei- :r;?.:r cacu fro:. t!le >!r.ssc:r:.i~;r. un,lo;-fLs+r, Lut unlo.~'::.t-:~ly - 
t h e  ~r.;-t>>r ;ortien i s  fro:: thd Szi? cfi.2 C3l'z A i v ~ r s .  

PI> liicr;. u s  ns i y o r t z n t  .:iversic:?s fro22 thd Gila X i v ~ r  Lalor. -:he 
GiLVds;:i c k~ : . < i ~ l ~ .  

s:lfcct ?f i'?vii~r ?ti..-hts L'::DII Fj-ciuct !r:-l~r SU&~ Uso of I:,z:.i;r - -. .,-- 

by t he  230 c.sl;s of i r y i  ., .:.tG;. l;rAL .?>c.-.t~c: :'.cv; So:< Cs;l>,w;on Dcz. ~ : l i e  
i s  dr.j?.c.?~.y r - f l ~ c t ~ :  i n  t he  2iscl;zr:-2 recort:.s o I  t !~e !-!cssc.:r:ri.c ;;:!vCr 
c t  BOX C?>l>%il. Furt,k-.r c'.q.,letion "5. ci..ii',ior:,-1 irri .r.tiun .uv~lo:  !:.~nt 
i n  t!-.is r s ~ i o c  i s  u;lil;ii;r ';Gccusd cf t i ;< +rrc+,ic s t rLpq f1jr.rs w)x.ch 
require starc..-u, c n l  the  relr.tivel.;.- s n c l l  r rcn (C5 ccr ts ;  of u!;ir-.i;.r~ti:il 
1r.n:: tT1z.t i s  sv.?t:'>le ,or irri .ctior:.. 

=, f u l l  irri(;'<i3:1 2u:;;l:r f o r  tl:.- 130 2crr.s of irri::te,I Zrea 
4 .  d ~ l o ~ ~  3cx C.?~i.:;3n Y:dsi.r-:oir ;r:ul.: r.-c:iir- . . 1~ i~ r s i3n  . . of -.bout qrW -?re- - 7 f e e t  . . cf !.hi.si 1~11:s L!-G i l c c - : ~ l  c b r ; i  t o  tl-.i? r ivc r .  . . To cwr.. kL;t7- r i ~ r ~ r  l ? s s ~ s ,  it i s  ~l-imr.;,: t o  '.cI.ivcr 2; s---.- --.. L..~l- 2. 

~uc;t:.r t o  !:!iich i;!r;s~ LL-..'.~ cr.i:,ntltlL2 ;'rt>!.i the  .:rojict rz-in ca::l. 
These l S l v b r i , s  c ro  ~~ t i i . i c t e6 .  t o  n-;-rr.-e 503 :cru-f uet c i ~ ? ~ . z l l y  i n  
low :rdcmxs -3.: 930 ccrc-fuet i r ?  yo2.1-s of hi;:h ~'a:off. 



- 
Use by t h e  town of Wickenburg, pmped from t h e  H2ssaya!npa undtlr- 

f lom,  has bean i n  the  neighborhood of 670,000 gallons per  day, or  
approrinately 7L5 aora-fzat an nu all.^. Xith allourar~ce f o r  a gfoytfth 
i n  population t o  dou5le the  19&C population of about 1,000, t he  pump- 
age by Yiickznburg w i l l  $robably not exceed :,5'DO acrz-fzet annually 
from the  ~ m d e r g r o ~ i  f lov.  Of t h i s  amount, o v ~ r  50 pcrctnt  i s  en- 
pected t o  re turn t o  t h e  Ilassayazpa Rivar Channel, indicat ing a net  
increased depletion of 2 ' s ~ ~ b  3?O t o  LO0 acre-fest ;mually. Such 
increased use is expected t o  be supplied from -ter originating b ~ l m  
the  Box Canyon Zen. 

The Gillespie r i g h t s  from the  Gila River, vrhich include the 
contribution of the  Hassayanpa, ~ o u l d  have p r i o r i t y  t o  any ~ t h i c h  ;nay 
at tach t o  t h e  proposed Hassaya,i?pa Project  dev~lopmint. Runoff recorzs 
a t  Gi l lcspie  Dam shar: t h a t  during tk.6 p d i o d  from August 1921, t o  h n e  .. con- 1938, izclusiva,  vrh.ihcn records on jhe ;',assayampa a t  Eox Canyon a?- 
c u r r ~ n s l y  cvailable,  there  ryr~re onla. tvro occasions ($2ljr-August 1P27, 
and August-Scptsmber 1936 j Trhen floe d flovrs were not passing G i l l :  s p i e  
Dam a t  t h e  tima of a p p r t c i ~ b l a  flooc runoff i n  t he  Hassapxipa Riv=r. 
It is  concluded t h a t  storagc of Iiastay;mpa f lood flows w l l l  n0.t i r t e r -  
f e r e  with the surface r i g h t s  of thi: G i l l t sp i e  $evclopment. 

Zle annual f l o w  of the Hassaj.ahpa a iver  a t  t he  Box Canyon Dan 
s i t e  z re rages  14jJ700 acre-f6tt tnnuclly. The discharge a t  the  ~ 0 1 t h  
of t h s  r i v w  is =stL%ated t o  avcragc about 5,030 acre-feet annually. 
The d i  'fersnce, p lus  the  dischargs from t h e  t r i b u t a r i e s  beleu-; Eox 
Cawon i s  l o s t  by evaporation hnd t ransp i ra t ion  or b$ percolatior t o  
t h e  wa;er t ab l e  by spreading over t h d  broed sandy bed of t h e  s t rezn  i n  
t he  60 miles betl~een t h e  dam s i t e  a r J  t he  mouth. beta are  i n ~ d e q i 3 t e  
t o  pa rn i t  an accurate e s t - h ~ t e  of t h - 2  average annual contribution i s  
believtid t o  be of considerable ~ u a n t i t y .  

I n  t he  absence of def in i te  aecrses or  permits covering z p ~ r o p r i a -  
t i on  05' t he  subterranean flo...i of t h e  Fassaprpa  i t s d l f ,  or of channels 
deriving t h e i r  r a t e r  supply f r c x  the gassayampa, som investigations 
Were nEde of ground-.??.et-r conditions i n  t i c  region of the  pro jec t  t o  
ascert2.in i f  development of the  proj.?ct would iidvirsi-121 a f f ec t  t he  
water :;uppb f o r  o t h ~ r  arcas  .which msy &rive eh;hzir iu?3ergro,md ~ 2 t ~ r  
supply f ro% thc  Bzssayanpa Rivzr. 

DI'O developed i r r i ga t ed  rcgions vrhich might be ariverscly effected 
by pro;.c;ct construction a r e  a s  folla.rs:  

(1 )  About 13 miles southeast of t n c  project  sr2a i s  
lccated t h t  :larico?a County i:unicipal Viater Conszrvztion 
Di s t r i c t  No. 1. The lznds of the c i i s i r ic t  are  supplied 
i n  p a r t  by divvzrsions f r o n , t h e  liglla Fri2 R i v ~ r  ant: Lake 
Pl tasant  Rsscrvoir, and i n  p a r t  bj' yea--d-.:rater pu?.ping 
p lan ts  locatad d o n g  t h e  canal l ine .  Farth+;r ekst  to~vtrd 
the Agua Fr ia  i s  located the la rge  t r c c t  of t he  Southxt,st 
Cot,t.or~ Cn?rg>:-.ny isrj gated i n t i r e l y  5y p ~ w i n g  from ground 
water. 



(2) Several! individual ? w i n g  p lan ts  and the pumps of the  ' 
Gillespie Land and Cat t le  Somany draw t h e i r  supply from the 
ground waters of t he  Gila a ive r  bottoms belovr t he  e ~ t h  of 
t he  Bassayarcpa River. - 
Effect of Project  on Ggua Fria  Area. The IIassayampa ana fi.gu3. 

- ) 
-. 

Fr i a  hE7ers f loiv Lion;: qyroxir .z te ly  p b r a l l e l  courses about 20 miles 
apar t  a f t e r  they eaerge from the  mountains a t  the north wtil they 
join tqhe Gila River s o u t ~ g e s t  of piloenix, a distance of about 30 
miles. After leaving the mow.tains t h e i r  coiEses a r e  through 
s t r u c t u , a l  va l leys  f i l l e d  with a l l u v i a l  material  %-hi&, i n  many Cases, 
i s  very deep. Along a cons ik rab le  portion of the  distance between 

1 
t he  mountains and the Gila River the  vel leys  of t h e  two s t r eaas  a r e  
separetcd by t h e  White Tank I.lountsins. North of these mountains they 

i 
a r e  separated only by a low saddle ,of a l l u v i a l  material. 

For t he  purpose of groun6-w&e: s tudies ,  it i s  important t o  ,cnvfl 
whether any c r y s t i l l i n e  rock ridge .>r other bar r ie r  ex i s t s  which is 
suf f ic ien t ly  high t o  a c t  a s  en undc.-ground water divide separatinz 
the m t e r  t ab l e s  of the  ~assa;,.ampa ind hgua Fr ta  Rivers north of :he 
Whits ,Tank Vountains. 

.The water t ab l e  of thr. Hassayanpa River i s  confined t o  a re la-  
t i v e l j -  narrow va l ley  by rock barrie.-s on both sides dmrn t o  a p o i l t  
appro: ina tz ly  six a?d one-h;lf m i l $ ;  Selm the point where thc  S ~ l t a  
Fe Ra3lroz.d crosses t h e  r i va r .  3e lx i  tkis point, it is unconfined on 
the  fs s t  and, a s  f a r  a s  surfzce consitions indicats,  f r e e  t o  sp-eid 
out u r t i l  it i s  again l imited on t h i s  s ide  57 tile \ h i t s  Tenk Iioun;ains. 
This cistsncc,  along which t b r e  is no a2perent confinemznt on th2 
eas t  ride, is ap?ro::imztely e ight  n ~ l a s .  

I'or t h i s  distznce,  then, from ill surface indications, it is pas- t 
s i b l e  f o r  tha water tabli. cf t h e  ya;say&mpa River t o  be t r lbu tz ry  t o  
t h a t  c f t he  Agua Fr ia  River. The a -ea under which any wa%r from the  
Hassqampa Rivir  va1le:i t z b l e  wodd have t o  pass on its way t o  th2  
kgua F r i a  is, therefor t ,  l imi ted  on the  ea s t  ind .fi=st by the :-Iass -pmpa 
and h f ~ z  Fria Rivers respectively, .'.nd on the nortn by the Hidrog1.nhic 
Mountzifis, and on the south by Cne ' h i t e  Tank !Iountains. 

The ground-water map (3rawing 'yo. 3H-11-7 and 39-11-8) show ,,he 
water t ab l e  contwus i n  t h i s  area, s determined from the well daw 
given. The watar t ab l e  s log ts  tow;-d th; Agua Fria  Xivm f r o 2  a 
northvesterly direct ion.  

The well  nearest  t o  the  HLssaycrnpa River which could be d e f i l i t e l y  
r e l a t ~ d  t o  thi: water t zb le  i n  the  Aguz Fr ia  Valley is  the :'kgner : ; e l l  
(Sec. 13, T. k ii, R. li Ti.). Tho ura:er t a b l s  of t h i s  well i s  a t  a 
s u f f i c i e n t l ~  low elavation t o  allw-i thz  poss ib i l i t y  of i t s  b - '  clng ;;q- 
p l i e d  from thi. Hassayzmpa River, providing an imp~rvious zone 202s not 
e x i s t  between it and thz r i v e r  a t  an elevation g r c E t ~ r  then t h a t  of the 
water t ab l e  a t  t h e  well. 

Ectwecn t h i s  we11 and the Hasscya~p2 iiivcr there  i s  no inform- 
t i o n  ~ v a i l a b l c  rcgar+ing .$;ctor t ab l e  c l c v ~ t i o n s .  If a ber r ic r  







e x i s t s  t o  the  flow of undbrgromd water, it nust necessari ly l i e  i n  - 
t h i s  area. Any such t izrr ier  vwuld probably be of the  n.zturt of a 
rock ridge, o r  an inpervious zone occurring i n  t he  material  above the  
basellent rcck, e i t hc r  oc which would a c t  as a bhrrier.  

C-~03hysicsl S-lrvcy. C, geophysical suwty  nas ur.dert&::or. i n  ~ 9 L 1  - . - - -- - . - 
t o  decirminc ',.i..- b2si::sr.r rzck clevktion zlonp e linc; runnicg z.p?rcxi- 
~natuly f r o n  ?:or%-jstovrn t o  tik Xagner Ire11 anda long  z l i n e  f ron  about 
on0 nile north of t he  bagner i,e!.l t o  the  Hassayanpa River. The loca- 

1 
t i o n  of thc  points  st which geophysical detcminat ions  of bzs?lsent 
roc4 depth vrizre nacie, with t& corresponding surfacc and basezent rock 
elevations,  are  shovrn on the  ground-viator zap. S0r.e of the  baSenent 

1 
rock elevations ard follovred by a "zinus" sign indicating tha t  the  
basaaent rock i s  z t  a grsater  depth than p e n ~ t r s t ~ d  t o  i n  the  geo- 

/ 
physicrzi explorations. The geo;3hysi:al survsy docs not indicate F. 
bzsscent rock with an alevation hJ&ar than t h ~  water t ab l e  of thi: 
Hassayai?q% River, a s  dctzrr.ined f ror  i;clls on thc r i vc r  bank i n  tll.is 
area, 2nd no gco?hysical avidince v:cs found of a c rys t s l l inu  rock .. 
r idge 7hich nig:?t ac t  as  a b a r r i i r  tr, t he  flow of undrrground >Tat . r  
frocl t ~ e  Hcss?.ya?pa t o  bgua F r i a  wat-r tables .  1 

Underflo~t f r o 3  Zassayazua R i v ~ r .  Corr-lation of the  gcophy-sf-cal ----- 
survov with ~ round-wa t~ r  dlavzticns i n  the rdeion ind ica t t s  a gap 

d - 
about" rive r!ilis l f ing~and avcrsging ibcut 250 foe t  aeep, throug6 
which ground-17ihtor can f low from the Eassayaqa Zivar t o  ApLa Fri.1. 
The eas t e r ly  slo?s of t h s  ground-wat-.r surfaca svdrages shout 10 . ' ee t  
por r.ile. ' ihfle no wel ls  heve been d r i l l ed  i n  tha zone where f lor  i s  
l i k e i j  t o  occur, a wel l  located du;; ?a s t  thereof (K$, See. 1, T. 4 
N., k. 3 It'.) shovts n a t e r i a l  encountcrad bclo';; thz ground->~ater l e  -€I,. 
a s  f 01 lows : 

Elevation - f e e t  

Fi nr s i l t y  saad ~ r i t h  c lay strea'cs. 
Ccarsa sand and one-inch gravel layer. 
Fine s i l t y  sand v:ith c lay s t r e a  {s. 
AIt?rnati! layers  of clean f ine  jand 
hard - packed sand (almost san3,stone) 
a r d  c lay atrzaks.  

Laboratory o r  f i e l d  t e s t s  have not bezn iiiada of t h i s  ixteria:. t o  
de te r r ine  t ha  v2loci ty  02 ground flcw, or  its porositj-; it o s t  mated 
by corparison with t e s t s  w d e  f o r  various s o i l s  i n  thd Gila Valle;. 
(Geological Swvcy !:ater Supply P a p ~ r  10L) t h i t  t he  veloci ty  of f low 

w i l l  average less than 300 f ~ e t  p ~ r  p a r .  The lkir~inege factort1 :,rob- 
ably w i l l  not exceed 10  percint ,  and on t h i s  basis tho avorage ancual 
underfloti is cs t ina ted  t o  bz l a s s  th-n 5,000 acre-faet. Tnt sox ranyon 
Reservoir w i l l  furnish p rac t i ca l ly  c o q l a t e  control  cf the  Hessayunpa 
Rivcr st Box Canyon, and t h e  fu ture  runoff (surface and undbrflo;~, a t  
the gap north of tho \ M t e  Tank !qowt~ins  w t l l  bs l i z i t c d  t o  thi; uis-  
chzrge f r o n  Sols bash, ' lartinez Crtak, znd s t h ~ r  i n t ~ r n i t t c c t  t r i b -  
u t t r i c s  below thf  Box Cznyon Darn sits. The o p ~ r z t i o n  of t t l ~  Box Cznyon 



Reservoir w i l l  apperentlr  not reduce the nder f low t o  the Agua Fr ia  
a rea  by more th&n 4,000 zcre-faet annually. 

3eckarge f r o n  Pro5ect I r r i g a t i o n . '  i.s Ziscuszed i n  t h i s  f-p?endix, 
the  ali.Eual divzrsions f &  a f u n  i r r i g a t i o n  su2ply are  4.75 acre-feet . - . . 

per  a c e ,  and the  znnual consumptive use of i r r i ga t ion  water hverzgss 
3.2b acre-feet per  acre i r r igated.  Of t he  remaining 1.51 acre-feet 
per  acre, it is estimated 25 percent w i l l  be l o s t  tilrough non-benc-fi- 
c i a 1  consumptive use on non-irrigatsd lands, and 1.13 &cre--fest p e r  
acre i r r i g a t e d  ' t r i l l  percolate t o  t he  underground supply. Tlitll an 
average i r r i ga t ed  area of 7,0810 acres, the annual recharge of ground 
water m i l l  be about ~ , O O C  acre-feet. 

T'le generzl surface slo2e of t h e  project  lands i s  50 the south- 
east ,  axcept f o r  the  extrexie southvfe;t portion which slopes toviard 
the Hajsayampa Xiver. There the vrcand-water contours a r e  defineti, 
they a l s o  slops tov:ar$ the  iguz F r i e  .River. It Is believed sa fe  5 o 
assume t h z t  &t l e a s t  6,OOO zcrc-fcet of tho  annual gro.md-viaC,5r r c -  
charge from i r r i g a t i o ~  on the grojec: w i l l  move to,:<ard the  Rgua Fria  
River. 

C ~nc lus ion  a s  t o  Effec.: 02 3rou la 7iatsr i n  kgua Fr ia  Area. : ince - -  
the  ezwimi..ted ground-.:.at,r r*ci.,ar,-e Yroa pro;-ct i r r i ga t ion  excetc.s - 
tile es;imzted prsssn t  unde~i'lox f ron  t?ie Hassayampa River, it is 1 on- 
oluded t h a t  construction of the  3;ssiy&npa Pro:ect m i l l  not i n t e r f s r e  
with ez i s t i ng  irrigation devzlopment j froin ground !.iater pumping i1 thir 
Agua F r i a  >iz.ter~h-.d. 

ZFfect o f  Pro Ject  on Ground Tiat :r f o r  Gillespia Project. Thf - --. -- - - -----.- 
G i l l e s ~ i e  Frojzct  secures p a r t  of it; weter supply by p w p l n g  fror: 
ground water of t h ~  Gilc River iTalle ,r, bclo i~  the nouth of t ha  
Hassayxmpa River. The iocat ion of t i e  Gillespie 7r:ells and t h e i r  
water surfaca olevation i n  F&ruary 1943 are  shown on B a r i n g  - 
3H-ll- 3. 

T!>e general  slops of the  Eassayspa ground water i s  southsrl j-  
with a:i avarage gradient of ;pprox-L?l:tsiy 15 f ee t  p r  mile. The -8-atsr 
t a b l e   l lev at ions secured from well r x o r d s  indicat* t ha t  ground v?zt&rs 
of the. Hassayarnpa mingla v i i t h  those >f thi! Gila and otkcr t r ibu ta r ies ,  
and nq; cons t i tu t?  p a r t  of the  sup2i;; f o r  the  C-illespie w t l l s ;  honcvsr, 
t he  g~und-water  ccntribution from the i-iassaj;.&npz Ziver i s  believed t o  
be r e l z  t i v c l y  insignif icent  by reaso:l of the r e l a t i v s ly  smali drainaga 
area i n  camparisan t o  t he  t o t t l  drai?age are; of t ha  Gila end trfi- 
u t a r i e s  above the  Gillaspic v:olls. 3 e  drainage zrea of tha Hassa:{ampa 
River i s  1,500 sqmre  miles, vrhiie t h s  t o t a l  dr&inas zree betxcfir, tha 
upstream reszrvoirs  (Coolidga on Cilc, Roos;vclt on Sa l t ,  enc; Bar t le t t  
on Vzrtle) and thd @Gill2spie ;rslis i s  about 25,000 squore miles. 

Except f o r  t k c :  ?ooseuclt D i s t r i c t  well,  c-ls-;.-;.iii~~rc dsscribed, -no 
measurr~ments have bcin mad- t o  d&ter:.:ir.e thc grounci--;;zter contribution 
t o  t h i  Gila from t h e  Iiassaycrpa Etivcr, snd thir; contribution i s  50- 
l i cvcd  t o  be snz l l .  Thc lmr flows of the Hassayanpa do not come 
within 53 miles of t he  Gila ?Aver, ~ n d  a r c  la rge ly  l o s t  by evaporation 
from thc  r i v - r  sznds and t ransp i ra t ion  from vigetat ion along the 



channel. Floods of the  Eassaya~2a a r e  ~ r e a t l y  reduced by t h e  t i n e  
they reach the  nouth o i  t he  r iver ,  and z s  t h e  flood :>asses over. t he  
sandy chamel  it i s  &sortied &id re ta iced by t l u s  na te r ia l .  ~ t f t e r  
t he  f lood has passed, 3. l a rge  par t  gf tile water zbsorbed by the  r i ve r  
sands i s  l o s t  b;- e v q ~ ~ z t i o n .  

The only knovrn i r r i ~ e t i o n  .,:ell don,: t h e  .F!assaymipa d iver  is one 
d r i l l e d  b:r the  2oosevelt I r r i gz t ion  Dist7ic.b near t he  p i n t  i;'.~ers 
t h e i r  c a r A  crosses t h e  r i v e r  c :~&~nel .  ..A description of this Ire11 i s  
given i n  a l s t t a r  of ;larch 20, 19:;2, from John P. 'Jan Der,'>ur~h, 
sqer intendei l t  of the d i s t r i q ,  t o  Z n g i ~ e e r  H. G. Raschbzcher, a s  
f ollor is : I 

"Anmrering your l e t t s r  o f  ilarcll l9th,  ::.e Gr i l l e<  one r!ell 
or-ly i n  tine Ecssayanpa River bsld. This well i s  loczted 26: 
West, 3 ILorth, ?2iLc:1 1:ould be :in t h e  Iiorth qix?.rter corner of 
Sectior. 22. I?g. 1 N., Ranze' 5 ii. The 10.2 of t!lis well i s  a.3 
f ollo?rs : 

0 - 8 % i l  
16 - 20 S ~ z d  
20 - 3O G-avel coarse 
30 - YG S iiidy Cla:~ 
90 - 9 j Surrlstone md caliche 
95 - " 9 8  S w,lrid 
9E - 200 SA~-Adstone 
iiot perforitec? 
20" Casing 
d r i l l e d  - ~~u_-st 1939 
Contractol-s - 3er t  and : ; i l ler  

"YOU w i l l  note t.hat we d i l  not perforate  t!le well as rre 
r,ever secured enou;:~ weter f c r  i r r i g z t i o n  F q o s e s .  It i s  m r  be- 
1.ief t h a t  t he re  i s  no wdargro mc! s t r a + a  i n  t he  :Iassa~z?l;r  iilve2 
suf i i c i e n t  t o  carry a l a rge  v0LuT.e of water. I believe il t ]ere 
\ ,ere sv f f i c i ea t  s t r a t z  t.::e-e r:>uld 5e  r;ore wells l t cz t ed  u? -,.d 
c.o%n t h e  river, a;ld I lac:-? of lo  :!ells f o r  i r r i , -a t ion PUrsos 3s.  " 

- 
-. 
J.n v'_e?r of tile l oo r  :rield of  t he  Ecossvelt ve11, loczted i n  !Ye 

r i v e r  bed, a;ld f o r  other reasons dC'_ncussed :ler?i;l, ii; i s  r o t  b e l i v e d  
7 -  th2 t  constructioi: of t::.e ?:zssa.y21:~22. Fro jec: >ro~-!ld i::e:sur?.b?-y ra?.-~-e t ke  

grOmC:$.S;@?: sLr-1pk.1: for  t>,e Ci l le r - i i e  L6.A z?d Cz*,tle COX~~T;; .  ?.~e 
?rater su,??lj stP.f.ies f o r  th* ;:ro:ect ;re bzszd or, t h i s  dss.~::jtion. 



S t o r a b l e 2 1 2  - 
!iith provisions 10- ~ r i o r  r i g h t , ~ ,  a s  outl ined on ?age G" 

t he  surplus flow of t h e  Hassa;ra~:?a Yuver i s  t h e  recorded L'1oi.r a t  the  
Box Cmyon 32.1~ s i t e ,  T:ie assvm~tion 1:as been neCe til2.t nc: f u r t k ~ r  
provision need be ri&e f o r  clo~mstrea3 r igh ts ,  e i ther  su-face o r  
undergroulld, a d ,  thei-ex'cre, a l l  waters p a s s i a ~  the  ;ox Ca~;%n s:t.e, 
exce;.~t e s  previous1;- ncted a;? be s tored o r  diverted. ' 

: 'Y 
R e s e r h i r  Losses - 

Due t o  t h e  hot a r id  clinai;e, e~ra~3oration  fro,^ t h e  reszrvoir  
surface ?rill r e s v l t  i l l  consi2erable loss .  This l o s s  i s  discussed i n  
t h e  cha?ter on 1r3vil:.crztion'r. I 

Some see:>aze ?;ill ~ , x & c u ~ t e ~ l y  -,a!.:e ;>lzce frorl Yle reservo5~r. 
Preser't infornatio;; i.li.icatss, hor:erer, t h a t  suck l o s s  %dl1 be s:~:X 
and confizec! t~ the  canp:1 area a t  .;be sFte. 5i;c:z s e q a g e  ~Till l . i .%r--ely 
reap7ear i n  tile surface o r  rcrC~bs,>.r.rfa :e f let$ or' the  strean, ii:~?.ec~. I e l -  .I 
belorr the  3~1, ad r i l l  be useci t o  :rest, iil part ,  ti-.e rn.?!2ire.::snt 3 

f o r  clcuestic ESP by t:-a t o m  of S i c  renh-~rz. 

v ,  Jne storaga reqv.irei?.ent cf t::e i--;servoir : a s  deter:xinei: t o  b: 
210,Ci 0 acre-feat., con-wised cf t h s  foilcrfi:?g :?e.raz~ds: 

1, D s d  st3i.age f o r  si l t  cont rc l  

2. I r r iga t io i i  stn-a;a t o  ~ r c v i L e  5 deseiicia.b.ble v-2'-er 
su--.~ly . . f a r  &i-ricaticn 0":-?cjzct lii26.s, incl'l?iny 
czrr:r-cver sto;-z~e f o r  ye;:s of lo::- i-.~7cff. 

3. F1oo.l co;ltrol stoi.?.ze ts rei$Lete "flash-floe?' Yi0~rS 
t o  t h e  sa fe  c:?zcnel c?;:,ecit: belo:: t:-e t.zc. ?-!is 
control  1.41: reduce fled ax~?.ge t o  :.'ici:e:~'x>.rg, biz>- 

. . 3a-s ,  tile r z i b o a d .  an:: riiyx-ovel :;ro;~~rt;; sll0;lz ii;e 
1.: - .  . . ~assa;z-:~~e X v e r  z b o ~  e ;-..:, ieloy: ..lcl::en'nur:. 

Ije3.a Stoi"z.?e. I;>e c l l i ~ a c t e r  of t>e  c!i.ai:ia~e ~ . r ? a  aiSovvz 30:: -- 
n hap:: I)= s i t s  i s  s~c:: ',::zd; ::c e:rte;.sivs j i l t  ;?a?~ i s  c,.rried 5;: 

even ';he :-i~:l f1cr;s of t h e  ;:2.s3ii3-z:.32. iLi7.rarj >.3*;:2ver8 li:,;s 2?.1 ~ ? > . e r  
s t reans  i n  tho ;-egion, a co:-.sider&k,Ie bed isz;. cP sz?d a:,i - .-ravel is . . . , .. , charzct?r i? t ic .  Fzirl:.  stee-2 slc..,;s :;hove ?.?e resarvolr  rnaca:z 
oyyor-,uriit;- f o r  tr=---- ,,.* 7ort cf suc :~  :;ed 1326 :.,<t:~ sifisec1v.61~tt <.e;msit 
i n  t h e  rzservair  Sac!~?.:ater. 



of 0.35 percent of tila reservoir  icflow. I n  t h e  zbseiice of d e f i n i t e  
date, t h e  s i l t i n g  r z t e  on t h e  ii.csscp-ii~,a i s  estiiicter; a s  0.G5 
2ercent of t he  runoff, an amiual reduct iol  i n  reservoir  czjacit:; of 
200 acre-feet, o r  a???o:&?.a%el:. 10,COO acre-f eet  durins E. 50-;.ear 
period. L> dead storage ;cap;clty of 10,000 acre-Zeet i s  gro;oscd. 

f r r i ~ a t 1 . n  Stozx<e. Tiith t h e  e r -z t ic  nature or" t h e  i , l l l c ?  t o  
t h e  reserxroir, s t o r r ~ e  car;*:r-over f rou  ?e:.iods of high iur.ofi^ i s  
needed t o  oa:cinun use of t he  3 v a i i ~ ' ~ l e  s t reax  flor:. Tile acreaze 
of arcble  lands szscepti'ole t o  i r - iga t ion  i"roi3 Kassa:rzqa iZ:.ier is 
over !I.O,COO 2c1-es. Therefore stuclies of r e l a t i ve  reservoir  c;lacities, 
cos t s  use f o r  6ifi 'erent 3, 8 reages of land e r e  ma6.e i n  orclei- t o  
de t emine  the  ~~&1?21 acreage t h a t  col~ld be i r r i ~ ~ t e d  econ3;:Lc;ll;-. 
Studies were made f o r  t h e  se r lo6  f o r  rrhic:? n ~ n o f f  records a r e  ~v~5.1-  
able (1915 t:;roug:1 1945). "iere were seve2zl e a i e ~ d e d  Zrocths 
throug;~ t : ~ e  stu6.y :>erLod, t he  ::ost c r i t i c a l  one occuri-in8 6.v.riq 
t he  &-;?ear period 1942-1945 vhen flcsrs averaced on; .  9,660 ecl-e- :'ee% 
arinuall:.--eno~gii t o  i r r ig r . t e  only aka t t  2,COCkacras. The r e s u l t s  
of these  s tudies ,  with czats  L-ised cn 1940 i~ r i ce s ,  a r e  .;iven PI 
Table L3. 

Table 13.- CosLs end Yields ;or s e v e ~ d  reservoir  
c a p x i t i e s  a:d p r ~ j i  C% 2:eas. 

.- -. - 
proj~c;: , ieserv?ir:  Seserr.oir:.:-verz-t.:.:r~~~~al Cost : :.aLer a~?o~t;..-e 

-, . - -- 
Area. : Capiac i t : r  : Cost :2-.:x:ual : i e r  ~ ~ r e  - : :!o* 02: i*iz.:&~x. . - -. -- : Yinlcl :$cot 56e:d : Y%rs : rfnce3:- 

hcres :,ere-icot: C 0 l l j i - s  :i,cre-<l : L!o;lzys . . 
, : '7C,G90 :2 @3C,riUC :lj,EC3 : ?&3 : 2 : l+? 
C om : ~ ~ k C , ~ ~  . J .  , :22,L+00 : 3*7S : 1 :  26 
7,Gfi0 : 210,C:OJ :3,71&,GCi :3;,,G;j0 : 2.72 : 1 :  26- 
C,%c : 2 1 ~ , ~ : 0  : ~ , ~ L S . , C C G  :32,90c) : 2.70 : L:. : 63 
e,OCC : 250,CC;O :Lr,ls%,CCG :?L!.,lbCI : 3,Gg n 

L : :  
F 

7 ~ -  

Fl00t  c ~ i l t r 3 1  s2u::-ae. Fias:. flooZs r - s u l t i n ~  fron rrouilta: ri . . cloudbirsis occ-m- i-atirer i r e c ~ ~ e l - . t p  on tile :+rssa:~z:.<,a cr;x:r=je arl.:a, 
m 
lhese flood. :jez;:s ? . r i l l  be pa;-tialk, conirollet; l?rcvidi;?g f o r  
iCl,GC,9 ::')we-feet of eborage ca:>icy;:; '- ,elovr t he  s;ill::a:- cr-st ,  i n  
aedit isi i  t o  t::e su?er-storage 2:~cva t::a ?e?:.,~::er.t s:;iLP:a:.. ->re- 
i in inary  ~ a l c u h t i o c s  of :load cc:>t;.ol '3ers;it; b ; ~  :;:;e ;'. 3. ;ngi:?eer 
o f f ? ? ~  (See p ? ;  :lave been b;.305. 011 i l l i s  ~;::.~ci:7. 

0p rz . t i on  of 3ox Cer:;;cn T:sse~vc!ir i n  acco-6a;lce !it:? ?.ke es~~r:.?- 
t i on  o a t l i r ~ e d  hcrei.11 ..;o.LC h ~ v e  cro~,ideci a ?:.I1 ?rzter  SLIT?^^ f o r  
t h e  p r ~ j e c - t  !'.uring 29 7f ti:e 30-~ez.'i's $::.r&ed, '.'he a-e i:liic&ted 
s h o r t a ~ e  (2C,.;j :rmld. I:?VZ o c e u ~ ~ e d  i.11 lyk?., S'ills :..c..I1C :?zv* 
occurred i n  $!:re9 ?Ears - I a -  3: 3, ja. zcre-feet e:ru?,i?il:- 
f o r  t he  30 :rear ;,ar.sacl. Yabl? % arc< >?:.:.~>~u ..- i.ca 31.:-11--5: s u ? x ~ i z e  
the studies.  



Table U.- Annual summary of reservoir  oparstisn schedule, 
Box Canyon Reservoir 

IZZCZar: - ---- 5~pora~. i lo! l :  l r r j - ~ s t  ~XI: Reservoir Ccntsnt 
:Inflo.u: Loss : Release :Tnd of Year : Zpil1:Shortaqe - --- 

: (Unit -: 1,005 Pcrc:Feet) 
' 1916 : 171.1 ? 8.4 : 34,3 : 138.4 : 

1732 : 116.9 : 7.5 : 34. 3 : 78.6 : 
1933 : 9 . 5 :  5.7 : 34 3 : 43.1 : 
1934 : 3 3.4 : 3 4 3  : U 9 2  : 
1935 : 99.5 : LC? : 31. 3 : ----- 75.1 : A 

9 : 45.9 : 5 > 9  : 311.3 : 80.8 : 
1937 : 138-6 : 10.9 : 3L.3 : 174.2 : 
1938 : 3 1 . 1 :  10.7 : 3 4 3  : 160.1 : 
1939 : 10.1 : 9.5 : 34.3 : 126.L : 
1940 : 6.6 : 7.9 : ?4..3 : 90.8 : . - 
1941 : 70.11 : 3.9 : ?x:3 : 118.0 : 
1942 : 0.8 : 7.3 : 4 : 77.0 : 
1943 : 8.0 : 5.5 : 31.3 : ' L5.2 : - 
1944 : 4 3.9 : 34.3 : 20.4 : 
19L5 -- : 1 6 . L ~ :  2.2 : 24.6 : 10.0 : : 9.7 

T o t a l .  :1?71.5 : 2 h . O  : 1.013-3 : :IOU: 
A v a r ~ ~ e  : ~5 7 4.2 3 --- : 3 . 5 :  - 





Possible k t e r  SRortanes 

In t h e  c o s ~ ~ t a t i o n  of t h e  project  !rater su??ly t h e  florr &t 20x 
Canyon was used f o r  t he  period 1916-L5, inclusive, a s  recorded and 
computed and sumarized i n  Table 6 of this report .  The &vera-e aiuual 
flotr dltring t h i s  period was L5,700 35re-f eet .  Strear. floris averaied 
only 9,600 acre-feet annnalkr during the  period 1942 through 19L85, 2nd 
this was considered t o  be t h e  c r i t i c z l  ?eriod became it i s  t k e  or.:? 
period f o r  ~ i h i c h  sufi'icient streaii  8Zoir dcta  a r e  zvailable b:r ~i:lic!-. 
s a t i s f ac to ry  estiidates of nc~:t:lly flo~trs Could be m d e  ~t t!le Sox CLnyon 
s i t e .  Hovewr, juCgii?g f r o c  treaii flow records f o r  other s t r e a ~ s  Ln ? .  t h e  G i l a  ?Aver basin, 2nd fro= clunatological  dzts ,  it is  .:robable t h a t  
droughts of g rea ta r  s eve r i t 7  than t h a t  of t he  1942-&5 period cay  k.ave 
occurred i n  t h e  ?%st. I f  Y3.e cli:>atic conciitiocs ineicated '07 the  
1691-1004. drought should be repeated,  it i s  possible t ha t  t he  runoff 
nay be l e s s  ti- sl-otm ir. Table 6. 

I 

Ertensive s tud ie s  !lave been uacl: in &I a t t e r ~ ~ p t  t o  extend reccrds 
of prer : i$ . t~t ion m d  runoff t o  cover a longer yeriod of t.ime. iilthouc_h 1 
no reL,able e s tb i a t e s  of xontIL:; f lo  r s  of t h e  Hassay8q~a could be xade, ,, 

deiini-;e correl;tions betxeen preci?:.tztion trends i n  ~ r i z o n a  and 
S.out!~c.i~ CalLfornia xere  noted. Thre!e of t he  curves on 3rawir.g 
?H-ll-:. a r e  a g r q h i c a l  re?reseil t i t if)n of t he  annual ae>crture f r cn  
averaC;c: ?reci$.tition at San aiego, . h e  S t a t e  of ~tr izona,  ad :,lalrut 
Grove. It in11 be noted t h z t  f o r  t3: >eriod f o r  rh ich  these curves: 
a r e  coricurrent t h e r e  i s  E xr!:ed s i r i . ier i ty .  I n  order t o  ind ica te  
t rends ,  t h e  annual deviation 1:en evs:rage >reciyitz%ion was tkea 
averag.:d by a tkrse-year noving aver,.ge a t  eac3 of t?e three locations;  
t h i s  a.:ersge wzs islotted on the  nidd:.e' year of t h e  thee-year  ;?eri>d 
on t h e  lover  curvss i n  tine chr r t .  I!? this t rend curve the s i r i l z r i t y  
betweel! t h e  t h ree  i s  r e r ~ ~ r k a b l e .  

I 
I 

Ii, i s  log ica l  t o  asmxe, t:zeref(:re, t h z t  precipi ta t ion tre3ds i n  
t h e  St;:te ef .irizona a d  st G::-:-c.ire nay follovr t h e  trends a t  5an 
Diego. 1ns;eo-Lion of t h e  Sa Diego i.rend curve clear* in?icztes  %:-.e 
;~eriodI.c occurrence of drough5s of vi:rying Litensit: ai?d duretion. 

&:-though s t r e d l o w  i s  not direi:tl:r 2roportional t o  p-eci:?itaticn, 
a genercl r e l a t i on  ~mdoubtedbr e-xist:' betvieen the c:~clic t rends of 
each. The t,rer.c! of m1sf  L? of t h e  Ka:.szyarl~;a 3iver  a t  3ox Cenpn, 
slio~rn c:n D r a ~ i n g  3H-11-1, i s  cluite s l d l a r  t o  the. i l l u s t r a t e d  tren-1s 
el ~rec2p i t a t i o ; l  of t l ~ e  St&t,e of -rizor:e and the  tit:- 3f Liego. 
It must be recoilgized, therefore, t ka t  alt!iau~L:. insuf f ic ien t  recor l s  
are  zv&ilz3le on vhicti t o  base nuinerical estirxites, t!~e ;>eriod of 
stud:. f o r  rr;.ter swL?,~l;- on t h i s  projec:i; does cot, i in iude  a drougl~t af 
an int+i?.sita a d  6uration e y x l  t o  those i.r::ich aa-- ha:-e occurrad i n  
t he  p,..;t, o r  i.!e.:r occ~!r i n  t!?e i u tu re ,  Tha :,.ossibility of f - ~ t u r e  
severe rlroiughts is ?resent azd ever:; e f for t  s:.lo~.lci 'ae nade t o  avoi~d 
overekpnsion of t h e  i r r i g ~ t e d  Lrea i n  :I-eirs of high r m o s .  





EITEOLIUCTION 
< 

The dam s i t e  f o r  @pounding tncl ~ r c t e r  of t h ~ -  !Ti.ssayx.~pa 2ivor i s  
i n  8ox Cznyon, coa".o?ily cal led "Tho Box," locclt2d zbout s d v a  n i l ~ s  
north of .iickcilb~~rg i n  section 12, T. G N,, R, 5 PI., Gi la  cad 32 l t  
River ivi0ridi2.n~ in southern Yzvzpci  count.^, hrizonn. 

Throe d&r s i t e s  ,yon hcve bein considered; o r i g i n o f  
t w o  s i t o s  rrcrc in'jestigrted, +, e upper s i t e  m d  tho  lo%ror s i r e .  After  
foundction c q l o r ~ t i o n s  prore conpletod e s i t e  ~iC!i;a:- betirscil tbr :  orig- 
i n d  s i t a s  rves considerod 2nd found t o  be t h e  nost f-vorcbld, Uurlng 
t h e  intr2stig2tionJ t h e  folloviing G a o l ~ g i c a l  Eeports rrcru p r e p ~ r ~ d :  

R ~ p p r t  (Smmrization) on Box1 Ccn:vn D m  S i t e  
by D r .  G. PI. a u t l c r  - Decdrxr  1929 

Resort on Box Cayon D ~ r i  S i t e  
by ROSS L. Hxton  - July 15LO 

R ~ o o r t  on Box C2n:ion Drp. S i t e  
by F. h,  Wick-11 - r 'ebrucq 1941 

Rc?ort on t h c  Gco?:,;-siccl Survq 
by Job2 k i r d  - Jul:~ 1911 

Ecport on tho S? i l l~*ey  s i t e  
br J. K. i<urdoclc - I;ovd>.bber 1 9 0  

It i s  t h e  pnrpose of t h i s  cgpenci:: t o  s m r i z c  t h e  contents (jf 
t h e  privious reports ,  t o  elinir.-t? tl.ssi- ~ c . r t s  !:lucln, r i ; l i te  t o  s i t25  
o r  f ezturos' now u ~ e s s e n t i G ,  2nd t o  c o r ra la tc  t he  e:qlorction ~>rork, 
nost  of which i'ics eccoi2plishi.d efCsr tbu cbovu Guologic Xeports r:G:.o 
pr~pci-\.d. 

Older rocks of tho  crust occu?:' lzrpo 2r~c.s south md w e s t  of 
thc: pl:.tsau of north-rn k.rizor,c+ T:?; ~ a g i o n  contcins iilL17 inCivid.ir.1 
block c:omt:Lns hc;ri!ig 2 p.-norcl n o 3 k  o r  northrest  tr~r.;r.:. Lteruuii 
t h &  cl'c bm?d 1o:rlxid besins r ~ c ~ i v l n g  t::, rock riistu i n  f3.s fonlLd 
by ,rosFon cf tho i l r v a t ~ d  ~ l r i ~ r c n t s .  Tho r?.n,-s zrc; co..i?os+L c'iLi'l:. 9 

of g m i t c s ,  ~ n b i s s c s ,  :.nd schistz,  t.;1", m n y  of t h L r ~  hc.v, t i l t o d  c,;p- 
pings of 1z.v~ belonging t o  oncc &erck-n f i , l~s.  Th,s, cr;rs.tcliir,~ 
racks : I ~ S S  b e n ~ c t h  r ; h ~  d1~vi.m of 3 c i n t ~ r v ~ i n c  a~?r ,ss ions  z:d 
no doubt fomt t h z  ultim:?o b ~ d r o c k  of' u i r t w ~ l l y  c1L t h e  country. 

Thu H c s s ~ j j ~ . p c  i i i v ~ r  CTOSSLS ;n err= contsifiini; sin;il-r struc+urCl 
f w . t u r ~ s .  Thu rcszrvoi r  l i ~ - s  butrr-on 2 rcaze o f  h i l l s  on t h ~  south 
md  o-st, a d  cn incised f ~ n  l i i l r t ing  t h ~  v d l c l  toiikrds tbl: north :nd 



west. h spur of g r m i t e  gneiss nuis clong the >rest s i d e  of t he  strum 1 
i n  t h e  l o w r  h?.lf of t h e  gorge, but i s  overlain by volcmic  rocks znd 
incunbent sedi?xmtcrj deposits  &@ling northe:.st in t h e  trcnsverse 
ridge cont-ining Box Cmyon. 

- 1 
V o l c ~ ~ i c  Rocks - 

I 
The contzct b~rttiecti t'na b z s d  c rys t c l l i nc  rocks md  tile overlying 

vo1c:nic roclrs i s  ervosud 2t riwr l ~ v i l   bout ocu-hdf ailti '3ul.o~ t h e .  
dzm s i t < .  hli;S,ic,.taiy o v ~ r l y i n g  the c r y s t ~ l l i n c  rocks i s  2 th ick  !lorizon 
of buff-colored r i ? p l i t i c  t u f f ,  iihicli i s  i n  tu rn  succc~ded b;. c s~ducnco 
of bc.sdt 1r.va 2nd i r . tzrycnin=(~~briccir  nc.lb,rs. This fol-i,ction ~ ~ 2 n d ~  
u p s t r e 3  t o  t h i  mid-scction of Box Cc.n;ron o r  s l ig t i t ly  doi;nctrcm from 
t h u  proposcG :xis. 

The bcsz l t  occurs i n  flows ~fithcut conspicuous jointing o r  f l rw  
structure.  Thc ;?cxbcr c t  thd d m  s i l  c i s  ustin-tcd t o  bc n ~ c r l j -  1.1) 
foc t  thick. Thc hrecci- lq,rzrs zrA :.ms substcat iz l ,  ?s.d ; r ~  usu?Z.ly 
indicztdd by s ide  rcvin-s bot~reen 1z-z ri'as. They zr?  .= i n t cg rc l  ??.rt 
of t h e  i b u t ~ ~ u n t s  bclorr thc  prusint  s; ti: :ad w i l l .  be involvcd i n  di7-crsion 
tunnel  construction ur.der p r ~ s u n t  prc~pos-1s f o r  which thay c r ~  Jud:;ud 
t o  b3 r 2 ~ s o n ~ b l y  sound. 

Th3 youngest bzsr.lt  nur .b~r  dong t h e  ctl;r:?on is found just bcltir 
t h e  ?S;. Upstrdm, t h e  rock i s  of !.~diir.~ntzr;ri o r i ~ i n  wit:? 2 soni- 
whzt sm ?.lldr n o r t h ~ c s t  dip  m?.nif.~stcc' by crude bcdding. The ErouI: 
includes two l i tho logic  diviaicns  s!lovm by c:~zr?.ctcr or" c;cposurus. 
Thb p r i l c i p d  strati=r?.phic t z c  (cz:.lcd s ~ n d s t o n ~ . ?  r.nCt coRgloscr~l d s  

in p r ~ v i o u s  reports)  i s  2. stony dcpo: it of cobties i n  2 -rolc:r~ic slid- 
stonv mztrix. i.1 cons idc r~b le  p ~ r c m l z g b ,  up t o  10 percent, of t he  
1 n t s  r e  n i t ,  lnd t h L  r-rz-indir r.rc tither l:-s?J.t 0:. 
rhyolit,:. For c o n v e ~ i c n c ~  of dsscri!tFon t h e  f o m c t i o i ~  i s  temcd 
f znglom jrzt c. 

Upstrcm fmia the &s -bout 400 f.;ut, and on thc  south b:.?k 
towxds  t h e  h ~ z d  of 30x Czq-on, z second kind of d q o s i t  i s  found. 
Appzr~nt ly ,  t h i s  i s  a m?.ss within th<: body of f~nglo:,l,r?.ts vrtick 
originzted c.s c torrunti.c.1 o r  ui?sorti:d dc?osit. T T C  bloc:;s i n  t h ~  
s c n d s t o : ~ ~  rn:trix, i n  c z s ~ s ,  2 . r ~  two t o  t h r c i  f ac t  in iii2111et~r alii 
2 l c l y  i Bidiiing i s  co:::.r,icuousl:r zbsunt :nd the  o r ig i :  
i s  bi1i;vccl t o  h:.va boa? c i t h i r  2. t d u s  o r  f m  rub'olc. I n  cons~+..nco, 
t he  sacsnd t j p  i s  c:llid brscciz,  ii,i?i:ing lzck or" str2t.tificr.tion, 
l z rgcr  fr2.gmuntsJ ,?is :~rob?.bly t A u s  or ig in  :.ritkout s i p i q i n g  c q r  
zppr~c izb l i ;  difr;'orcncu i n  physic:.l cp:~l i t ;~  of ti12 kro Piads of sidincnt- 
2ry fomlctions. 

Th2 dip i s  tor.-rds thc  r i gh t  sic!e of tku c:n.yor. so th-t t.11~ south, 
o r  l c f t  ti?.ll, i s  e s s u ~ t i c l l y  c d ip  sl .on~. Sl:,b:~ing i f f -c t  ,?long the 
bodding on t h i s  si& vocl6 g ~ i d ;  t: lu c::c-v:.tlon. On tl12 north trc.1'1, 
which i s  pr2.ctic-lly .rirtic-l t o  2 l ~ v c l  75 f - i t  z3ov;: t h i  stmy., the  
t r u n c z t ~ d  vdgcs of b ~ d s  c r i  e:qossd. 



Upstrcm on tho  ~011th s i t e  cf t he  r i v e r  the form-tion iminrdi:.t.tly 
2 d j 2 c ~ n t  t o  t h o  ch?nncl hc.s l i c h t e r  C C S ~  t,hm tho f?nglomLr:.to of 
Box Ccnyo~?. It i s  ?rob:.blL t!i-t 2 sWlcr t~~ 'of dcpooit - 6 l L . b ~  
found which o\res i t s  color ch~nct :  t o  r ~ f a o t ~ n ~ s s  from tho d:rkLr vol- 

1 1 

caxic rocks tt tthii d m  s i t u .  1 

The f r ~ i g l o m ~ r ? " , ~  dips  25 - 30 d ~ g r ~ ~ s  n o r t h ~ t s t  c o ~ p ? . r ~ d  t o  t h ~  
eroded surf,-.CJ dip clf 36 degrei.s f o r  t hc  undirl$ng bc.zclt flaw :.t t h c  
?xis.  Thc scdi!!cnt?.ry bods c y s u ~ u e z t l y  p ro~res s ivu ly  ovbrl;p -i.kd 
lzva. Tho c o n k c t  i 3  not sh:.r$ljj d e f i n ~ d  b . ~ t  i s  :n irrugul-r  zoce 2 
t o  3 ftiit thicl: consisting, wh~r t :  c:pos~d, of ~ 2 n d ; ~  shLls ,  T h i s  n..tsrirl 
i s  sonewh:.t so f to r  t h w  th -  n ~ i ~ h b o r i n g  rocks so th2.t undercutting 
t m d s  t 3  occur. Thc lcycr  i s  f irm ,nd probc.bly %rztirtig;lt,  s ignifying 
only c .trec!cer s t r u c t u r c l  ff\;c.t.urc i f  c c o n c r ~ t c  d.n wwiri: b u i l t .  

I 

Fl~t- toppzd ridgos m d  a l l u v I ~ l  terrccus :.re found i n  t he  rcs-r- 
voi r  z r x .  T;13si Cr() c o r i p o ~ ~ d  of sil.t, sznd, 2nd grsvcl ;.;hich ov~r1i.o 
tho san3stonc o r  f;-.-lomurat, c.nd r.rsro dcpositild by t h ~  Hc~styzn~pa 
Rivcr c: m t n r l i ~ r  ti;i.e, possible : iLn t h ~  high l?.vc ridgi: of t he  
Box Dayon vc.s bding e r c a d .  Tin~si. ( q o s i t s  ;rcrt. ~ r o s e p ~ c t - r l  fo r  
embcnh1;:lt zr.teri-1, 2nd ttvo 2rc.s ; r t : r i  ~ x . l o r ~ d  vriu.ch crL db~dmud 
s u i t ~ b l ; .  

Th: nos t  r rcent  c l l u v i ~ l  ~ : J . c r i ; . l  i s  thi: r ivur  f i l l  of s a d ,  
gr:.vel, mii bwcid.~rs. This m : . t = r i d  i s  pLrn.;..blc, LS shmn 5;r thc 
flow cf ri:tLr which &s:.p-.p?~:,rs 2nd r~.cpp&r.rs ct tly d m  8 i t e  cnd 
:Lo f-rt.hcr d o ~ n  thc  r i vu r  i n  the  v..cinity of ;iic:;c;nburg. L)isonl 
d r i l l in .3  ~t thu dm s i t e  shotrs t k d s  ~ x t c r i r . 1  t o  be pp t o  115 f e l t  
thick. S~XIU cm-unting of t h s  grsvul w2s notrd i n  t he  d r i l l  logs. 

Structure  

The fhglom*r:.tc l i + s  u n d ~ r  t h e  high l e v c l  smds  .=nd gr:.vuls :nd 
tho  extrusive bcscl t ,  a d  over l ies  tho o l d d  b l s d t i c  r.nd m c i ~ s i t i c  
flo.nrs. Thi l z t t u r  ar; t he  r ~ s u l t  of succ~ss ivd  1-vr. f l o ~ s  tad i r - r ~  
c t  one tinc i n  2 horizonis1 Tosition,, o r  ni:rl;r so. ~ f t  e r  solidif',- 
c2tion by cooling, they  r.icrti t i l t ~ d  i.o t hc  n-orth-ezst tt a g l u  
of ?.pprcxirn2tcl:r 25 ~ G E _ P I S U S ~  - a d  tk,, f:ngleni;r>te .i?ts l 5 d  upon thcm 

i n  n h o r i z r n t ~ l  ?asi t ion,  L;ter cnst hcr t i l t i n g  tsok ~1st:  i n  tk , -  
s rmv d i r i c t i on ,  so thct, now the  f2cg:.omer;_tc dips  from 25 t o  3 G  
degrees north=-st, while tire volccriic rocks dip froti 45 ts jG d,gr.;,s 
i n  nex-127 t h e  smt: .dir,ction, 2s s:~ooi.m by t h e  d ip  sj?,lSols an th~. EL?. 

In  t h c  course of strong t i l t i n g  of c l l  o l d ~ r  formctions clong 
Box C~n:.on 1occ.l st ,rLssLs found r e l i o f  ::long sac3.l f c u l t s  cilowing riinor 
2djustmunts. I;um;rous ncrrorv z o n ~ s  exhibit g ~ n ~ r c i l y  2 - 3 ft;-t dis-  
plcc=m&t but nonk 1 5 t h  morL t h m  20 f u ~ t  o f f se t  :re seen. These trund 
nr:.rly northvrbst obliqw- t o  th* ccilyon cnd without cxc-ption dip dcrx- 
strccm 60 - 7 G  degrc,s i n  th.: d i r t c t i on  of throw. 



There i s  no e~ndence of recent movenent on any of t h e  f a u l t s  i n  the-  
dam s i t e  area, The disturbances originated, most l i k e b ,  i n  a period 
of broad c r u s t a l  adjustment reflecbed i n  t h e  t i l t i n g  of forsat ions  along 
Box Canyon, ar~d once cofi12leted a re  not l i k e l y  t o  recur. 

T>e f m l t s  have had l i t t l e  i n f l ~ e n c e  on t ie  adjoining rock. The 
ac tua l  zones a r e  not over one foot wide with respect t o  crushed mater ia l  
which is  now f ~ i r l y  well  healed. It i s  l i k e l y  t ha t  water can aove core  
f r ee ly  along these s t ruc tures  than it can through t h e  undisturbed 
farmation, On t h e  r i g h t  (north s ide) ,  where t he  t rend czr r ies  t h e  
f rac ture  at a s l i gh t  angle t o  ,the c l i f f ,  wedges of rock w i l l  require 
trimming i n  generzl excavationb 

pan 
The s i t e  i s  located i n  a nardow gorge with nearly v e r t i c a l  s ides  

reachir~s  t o  a height of 350 f ee t ;  t h e  bottom ~ ~ r d t h  of t he  canyon is 
roughiy 175 feet .  This narrow caqro.l i s  about one-half mile long. 
Below t h e  gorge t h e  r i v e r  enters  a f..at a l l u v i a l  plain along the  toe 
of low volcanic h i l l s .  The reservoi;. area  i s  bounded on t h e  soutl- by 
a steep volcarIic r idge and on t h e  north by a s e r i e s  of lo;( a l luv iz l  
terraces .  

Tke dam u r i l l  r e s t  on t i l t e d  bed i of fanglonerat.e, b L s a l t  and 
basalt  breccia. Farglouerate consis . inc of a l te rna te  layers  of sznd- 
stone ~ n d  poorly bedded gravel and ckbbles, .toms the  r i gh t  abutmfnt 
above r ive r  level .  The l e f t  abutnen, i s  a basal t  flow,; dipping at out 
45 degrees torsrards the  r i ve r  and overlzring a r e l a t i ve ly  th ick  layer of 
basal t  breccia. The basal t  breccia sxtends under t he  r i ve r  ;ill znd 
enters  t h e  r i gh t  a b u t ~ e n t  below r i v e r  level .  

Oxerburden i n  t h e  stream chamel  composed of s i l t ,  sand, grala l ,  
and b o ~ l d e r s  exten23 ovor 1CjO f ee t  bdoir  r i ve r  l eve l .  J. cut-off 
througl. t h e  r i v e r  f i l i  w i l l  be needell t o  >revent seepage w d e r  the cam. 

Diversion Tunnel -- 
Tt.e diversion tunnel, i n  t h e  l e f t  abutment, ~.ill go successj.~-sly 

ti~rougt. fanglonerate, bzsa l t ,  and ba.ialt breccia. The shaly cont;.ct 
bet1m:r. ti-.e formatione azd t h 3  intr:.-.?low breccia mm.ber i n  t!:e l&va 
aerie.- n3:r rieed l~:.~_!-.t ~. :>po~-ts ,  U;~_:SS jci.ating b~dding,  a r t i c u -  
larl:. i ~ .  t 1.~2 f ~ - . g l c ~ ~ e r n s  e, aye nczT.!,:t ered, co troluble i s  anticipated.  I 

Lining i r i l l  be required iil any case.  

hn off-dan s p i l l w a ~  s i t e  i n  a n3 tura l  saddle, aboi!t l+,OOC f ee t  t o  
t he  north of t h e  d m  s i t e ,  has been explored 2nd d e t e r r u ~ ~ d  feasi'ctlz. 

It i s  plaqned t o  construct a s p i l l v ~ y  s t ruc ture  with concrete 
l i n ing  f o r  a distance of 7OC fee t ,  and then use the na tura l  dr&:which 
empties i n t o  t he  Yzssayampa ,Aver &,3CO f ee t  below the  dam s i t e .  





SOX CANIGN RAY SITE 
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The rodk a t  t h e  spillway saddle i s  sandstone o r  fan:loncrate over- 
ly ing  basalt ,  vrhich i n  turn ovsl*lies basa l t  breccia. The basal t  breccia 
extends about halfway d c ~ n  the  draw, where it i s  cut off  by older  rock 
outcrops t h a t  extend t o  t he  r iver .  This older rock i s  a ser ics  of in-  
t r u s i v e  igneous rock, including granites,  andesite, and a ~ c i t e .  K~mer- 
ous g r r q i t e  dikes an?. s t r ingers  of 3 r h i s t  and gneiss cut the  olde? rock 
at various angles. 

. . 

A t o t a l  of t e n . t e s t  p i t s  were dug a t  t h e  s i t e  of t he  spillway struc- 
t u r e  and these shcwthe overburden t o  be i ron  0.5 f ee t  t o  5.3 f e e t  i n  
depth. Basalt and basalt  brec i a  outcrop o , ~  t h e  surface and on each t s ide  of t h e  sadcile, but t h e  spillway gate s t ruc tu re  w i l l  be i n  sand- 
stone. This  rock, as exposed i n  t he  t e s t  p i t s ,  i s  poorly c h e n t e d  a t  
t he  surface, but improv~s  v i t h  depth. 

The geophj-sj-cal survey made at 1 h i s  s i t e  without t e s t  p i t s  fo: 
corre1a:ion evidently zap:;ed t h e  uh6t:rlying sandstone-2ava cont&ct, a i d  
misscd ;he ovcrljring t h i n  sandstone ;.nich i s  not a?parent from sur;'&co 
outcrops. 

k. sra l l  =aunt of a l l u v i a l  nla tc l ia l  is seen scat tered along t l  e 
f l oo r  of t h e  dra~r, ~rh ich   rill undoubi edly be removed by w&er flox! ng 
down t h 3  draw, but no damage of h p o l  iance :all occur. 

. I 
Th? basa l t  brcccia and t5.e hard r e s i s t an t  in t rus ive  rocks a t  1 he 

lower h iLf of t he  spillria:. drcw a re  1 elievcd t o  be su2fici%ntly ra: i s t -  
ant t o  iithstarid the  erosive action c , f  t h e  water. hny debris  pickid 
up i n  t le spillway d r a r  w i l l  be depo::ited along the wide char;??l oi 
t he  Has3ayar11pa ?ivar without noticea1:le dama~c. 

Diamond D r i l l i n g  

1, t o t a l  of s e w n  dim-ond d r i l l  t,oles, bfith y ~ ~ r c o l z t i o n  t e s t s ,  
were d r i l l e d  i n  t he  vicinitzr of t he  caa  s i t e .  The lags  of th-st. hcles 
a r e  inclurled i n  t h e  s ~ p p o r t i n g  aata.  

The r i v e r - f i l l  n d t e r i a l  was fourLd t o  be pem.cablc. Msny of t i t  
d r i l l  h>los  sho~,ied watar losses  i n  e;:cess of 26 +.lonS per r i n u t e  ,with 
zero co l l a r  przssure. The s&ndstone o r  ianglonsrato ~l-~or:ed !iodi-i~tt,y 
water L>sses h i t h  some va r i a t i sn  duo possiblu t o  porous, coarsa, or  
poorly .cemented layers. This i s  not considered s ~ r i o u s  e s  t h t y  cl-1-1. 
be grou.:ed where riect;ssarx. 

Thc bzsalt  ~ n d  basalt  breccia showed no l o s s  i n  son+- h o l ~ s  i r k n  
t es ted  ;ith 90 pounds co l l a r  grcssurl ,  and t h e  lo s s  was lorr i n  dl 
holm i:? t h e  undisturbed lav;. 

Scspage through the  abutzints is. expc tcd  t o  be slnttll as  t he  
w a t ~ r  vr!lich Right ~ n t ~ r  t he  f a n ~ l o n s r u t e  xould h?.ve r?o rcady p:.ss:.g~ 
through the  underlgring b a s l l t  ser ies .  



F h b a n h ~ n t  Materials 

Two borrow areas, aach of which i s  an a l luv ia l  r i v e r  t e r r ico ,  :,rere 
explored f o r  the  purpose of locat ing embankmant matcrial. - 1 

k m w  area No. 1 (D-*rg. KO. 3h-2-6, hppendix E), locatcd onc z i l e  
ups t r cm fron. t he  dm s i t e ,  cons is t s  of sn impervious l q w r  of silt ,  
fine sand and some clay unda-lain by E deposit  of :.!ell-round~d s~ i ld ,  1 
gravel and bould>is. The ixipervious m t u r i z l  avuraged 7.1 fue t  t t ' t ik 1 

and t h e  pervious n z t c r i d  avaragcd 12.6 f e ~ t  think.  
'1 

1 
A t o t c l  of 42 t c s t  p i t s  vera t;xcavat~d ;dintha Go. 1 borrow i.rri. 

Samples, conteining approxhetel:7 100 pounds aach, wure taken from ~ 2 e h  
stratum i n  t he  42 p i t s .  Thes:. smp les  ware screened t o  deteminc; tho  
percdn-; of the  g r t v e l  end o w r s i z e  rocks. Smll s a ~ p l ~ s  of the  matdr ia l  
were slbmitted t o  t h e  Denver leboratory f o r  mechcnicd m d y s i s ,  ')ut 
t h e  10r) 7our.d samples were storCd1 i r  the  bre2.u of Reclamtion r.rc-u- 
house it Phoenix, firizona. i 

S:miIzr work was corrpleted i n  torrow area No. 2, loc&t.tsd c!sol~t I 
two rni:.es ebove the 6cn s i t e .  Tho mater ia l  i s  vcry much the  sa l e  2s 
i n  e r e 1  EJo. 1, with en a v ~ r z g e  dkpth of i'lpcrvious r?tctaricl of 6 .  Z 
fes t  arid aver-gc: depth of &revels ard boulders of 23.2 f ~ ~ t .  Ten 
t e s t  p - t s  wcr;: complot~d i n  t h i s  a r i a .  This arda c : ~  be usud i f  

1 
Recess :r:rJ but becruse of the  grvz.t.cr i;r=l aistznco, 2ri2 iio. 1 i j  

prufer ible. By r ~ g u l ~ . t i n g  the  shov~ 1 cut 2nd u t i l i z i n g  the  d ~ s i r  ;d 
po r t i o i  of f i nes  ?nd g r z v ~ l ,  E sui tcbla  grcding c m  be o b t ~ i n e d .  

' I 
Szreening t e s t s  m d e  on t h e  ma? % r i a l  tticcn frori t ~ s t  p i t s  i n  the  

prospu:tive borrow ~ r c c s  shoved z b3gh p ~ r c e n t a g e  of ovursizu bouiaers 
i n  b o t l  deposits. The r e su l t s  of ti:csc t i s t s  a r e  rscordod on thi; 
t e s t  p i t  logs. 

Riprcp 

Riprcp f o r  t h e  ups t rum s lo?~ :  c~f t h e  d;n czn bc qucrricd fro:n t h c  
dense hard b-sr.lt \!nich foms  thc  cl'cst of the  high r id s<  ~ d j z c i ; n ~  t o  
t h e  dan s i t e .  This rock should q u x r y  well, cnd produce c herd 
durab12 rip-?. 

Concrcte hggrcante 

Suit:.blo concrcte ?.ggr~gctc c:xt vury l i k ~ l y  b i  o b t z i n ~ d  from s m d  
md  gr-vul deposits  i n  the H:s~:.yrn:ir. 2 ivLr  bed bclotr the  d~il s i t e .  
Ito s m ? l ~ s  werc tckcn fron thcsl: d ~ ~ o s i t s ,  but t - l i s  grcvel h-s bcun 
u8i.d ~ u c c e ~ s I u 1 1 y  in s n r l l  s t r u c t u r ~ : ~  on r,c;-rby h igh~cys .  

(a) The Box C2.n;ion DL% s i t -  i s  considerLd suit:.bl~ from 2 g-clog- 
i c a l  stendpoint f o r  an ~ 2 . x - t  d=>. t o  t h ~  h ~ i g h t  c o n t ~ ~ l ~ . + ~ d .  



(b) The dax w i l l  rGst on tilt& fmglmer,te,  &salt pad b ~ s z l t  
breccic. Thu rock i s  dipping upstram, a d  in to  t;ie r igh t  :butrmnt. 

(c) Thi? divc;rsion tunnel w i l l  be i n  fanglom.;ratt:, b ~ s z l t ,  m d  
br.szlt brcccic. No trouble is mticipat'cd, hut l i n i n g  i s  corisiderd 
s n~cessity. .  

(d) Tho use or' :. c c t u r d  draw f o r  pcr t  of tht: s>illx.rcy i s  COP-r' 1 
sidered c. p m c t i c z l  p l m  which w i l l  not r ~ s u l t  i n  Lxcuss ozintrnaco.  ! 

Y 

(u) Construction m?.t~ri:&s art: :,vcilcblo i n  s u f f i c i ~ n t  c , ~ ~ : . n t i t i ~ s  1 
within r r c s o n ~ b l e  distz.ncl; of  hi: d , n  sitb. ! 

( f )  Ilothing wcs Lncountoruc! i n  the  d r i l l i n g  which would indi:clte 
s t r u c t u x l  dufccts i n  thu loundztion o r  ~ ' u v L ~ ~ n t s .  Slcbbing bffec; i n  
thv sx.istoni: a d  conglou~rat+,l; on th* swath o r  l ~ f t  w c l l l  b ~ u l d  gui~ii. 
thd ~xc::w.tion of the  l2t abutr~cnt. 



The ?rojcct  P l m  

I r r igc t ion  7,iorks for  thi. H:.sszy:>snpr. ;Ixmj~ct would consist of r. 
multiple-purpose or r th  d m  l o c c t ~ d   bout 6 dl& Cue north of t : ~  t o m  

1 
of lirickenbur_~, hrizonz., c r ~ r t i n g  t:lb Box C t l x ~ n  E ~ s ~ r v o i r  f o r  t h e  
storcgc of t h ~  flood ~ . i ~ t ~ . ~ s  o r  t h =  H2s~:~:rmp.:. ~ V L P .  Tho ruservoir  
would k v o  :. totzl .  stor:.ge cz.$$citg of 210,CGG ccrc-fcbt, of 13ich 
10,000 ccrc- fwt  rrould be d ~ t d  stor?.gc rsservzd f o r  silt, 190,000 

I 
;ere-fc~t  f o r  i r r ig- t ion,  znd ~ O , G G L  ccrc-fdot f o r  flood control. An 

I 
unreguiL.:tsd r c w t e  sl;illr;zy ' i i th r n r x i n u m  ccp:city of 69,700 c.f.3. 
would ~ r o t z c t  thi! d a  2.g;inst overtopping. I 

S t . , r ~ d  wcter from t h e  Eox Cznyor. R ~ s ~ r v o i r  wo?.iLd be r,lt;csdd 
through o u t l ~ t  works ~ i t h  2 nw.lun c r i ~ c c i t y  of 560 c.f .s. end, i n  
o r d ~ r  t, -void c x c ~ s s i v e  chmmt.1  loss^^, would bo c c . r r i ~ d  in c cloicd 
conduit, c?~iroxbnctcl:r 1 5  irri1i;s i n  lingti?, buriod i n  the  E~;ss,-.:;? ?. 

River c ~ c r m ~ l ,  t o  t h e  Sr.ntc Fc i2ailtrc.y b r i d g ~ ,  ,-,Lout d mLILs bslow the  
tor.% of :;icl:u~burg. Thd conduit ~rouid b~ circul-r concrdto p i p  ~ r - t h  
a e l m  ccp:.city of U G  c.f.s. Frcm thu 1ol:icr dnc! of thc; closed 
conduit zn o p n  clcy-lised cc.ncl vrou: d cnrqr t h ~  m t ~ r  t o  t h ~  p ro j  :ct 
lcnds c lou t  6 nilis t o  t h c  south. Tki: nr in  c-n-1 r ~ d u c u s  i n  sizc: :s 
lc.tcral3 t zp  i t s  supply, ,?nd r compl~ ti d is t r ibu t ion  s7sti.n briqgs 
thc; w r t  ;r t o  t he  higl; point of uzch 1 :m u n i t .  

BOX Ccn Ton Rusirvoir 

L o c ~ t i o n  ?-xi d ~ s c r i p t i o n .  Box r:znyorl RGS-rvoir r:ould be formid - 
by impomding t h c  flor-s of t h e  ii-ss?.:-Zxpa KivLr by constructing en 
u:rthfill cim i n  t he  S$:, Scction 12: T. 8 R., 3. 5 ;;., G i l -  :.nd S l t  
River ?:l;ridia, iirizonc. The r i v i r  I-ms closd t o  hi.:il b iuf fs  :.ion; tho 
south siGe of tha  rcsdj-voir ?.nd prccticd1:r e l 1  o t o r c z ~  i s  ic tth .r:.l1e:7 
north of t h ~  r iver ,  which i s  flooded for  ?. n~.innum 1cngtl1 of cbo'ilt 6 
milus z ~ d  c. m t x i i m  iiidtl? of fcout 1-.3/~, rZ l i s .  i z t  f lms l i n ~  lvVv: l ,  t h ~ :  
aver-ge depth of th;. r s s ~ r v o i r  i s  72.4 fa&. (SLO drmring 31i-2-61. 
Tho drr-incgc ;.re- cbovo t h e  resdrvoir i s  .$22 squcrs rxi.1~~. 

Ar .2  2nd cz3cci5;;. h t  tkc:  noriz.1 wcter surf-CG, ,luv-lion 2,:+38, 
t h e  c c ~ c c i t j .  i s  200,000 rcrs-&it  ?.fit :he .-..rd i s  :,boa% 2,ZGG ~ c r ~ s .  
x t  rn?;ci:~m.? vir-t tur s u r f c c ~ ,  ulevc.t.ion :!, 461, i hi: totc.1 cc~..ci ty i s  
270,000 r.cre-feit a d  3,390 L c r ~ s  cri: inuzdctcd. 

Box C-fiyon Dm 

P r ~ l i m i n z r y  dosigns :.nd t ;st inctts  !.,isrc i r e g n r ~ d  i n  the  0i;tnv~r 
of f ice  of  t he  B3urtuzu of R~cl .mrt iof i  ir .  S s ~ t ~ ~ n b e r  l9&2 under thc d i r -x t -  
ion of J. L. S-vc.g~, C h i d  D_si,-l;ing i ~ ~ i n c d r .  Thrtc; d i f f ~ r e n t  s i t e s  
i n  Box Ccnj-on were considur~d:  the  uspcr, t he  ::iddlc, x d  t h V  loiier, 





Prelimincry studivs of crb:.nhent end s p i l l ~ r ~ y  costs  7rovzd the s u ? ~ r -  
i o r i t f r  of t h ~  middle (or curvLd d s ) ,  md s tudi-s  f o r  2 dcm ?.t t!1i8 
w i s  only wcrb c-rriLd t o  t he  report  stcgc. 

Dm s i t e .  BedrockZ~t  the  d m  s i t e  i s  compos~3 of m c s s i v ~  buds 
of v~el3.-c~:~cn~ud fc,nglomur.;t~s with z l turnzt ing l c y ~ r s  of b2s:J.t :.i:d 
b ~ s c l t  broocic, Except f o r  s~vur -1  f z u l t s  with disgl-cer,~unta of txo  
t o  four fdc t  ;t.nd. minor frzctures,  t h e  rock mcy be c o n s i d ~ m d  idc-1 f o r  
~ b c t m a t s  ~ n d  found:.tions f o r  m.y type of d a ,  a d  cru suf f ic ien t ly  
wctcrt ight f o r  cn i c r t : ~  d:i,l with 2 rcc:soncblo mount of grouting.  T ie  
f ~ u l t s  i i c ; .  u p s t r ~ ? ~  froiil tho ~ 5 s  a d ,  c x c ~ p t  f o r  2 portion of  on^, ?.re 
b l -nkbt~d  by thd ;.Ca:.nb.ent. .'-in p~ner-1,  thd f:.dts - r ~  f r i r l y  r i d 1  
huc.lud a d  c.rc not b c l i ~ w d  t o  crusent r. s p - c i s  constmction ;>robl.m. 
The r i v e r  f i l l  n c t c r i c l  i s  colzpos~d of f ino  scnd x d  ~:rc.vul extenr?i:lg 
t o  2 ci,.pth of azp?roxii~Lctelj. 100 f o r t .  

D:u. Thc proposzd ~;zb;.n~mentt, shovm on drctiing 574-25, h~ . s  2 -- 
m ~ i w ,  hi igh t  02 24.6 i d r ; t  sbove strdcix b d  d.nd c t o t 2 1  volwi~c; of . . 3,OZE;,COO cubic ycrds. !;ztcri:Ls i n  t h c  ~ . n b : . ~ l ~ n t  vrill bu z o n d  
so cs  t o  u t i l i z e ,  Xrith c n in i ixn  of -asti., t':ic? corxi~lctc run of thr 
propost d borr0r.r  it :nd tll m.>turic.l; from t h e  cait-off oxczv;t.tion . 
a d  f r cn  thi; d i ~ ~ r s i o n  tunnul. Th< l.;r~b:.nla:~-r,;nt i s  t o  bu conpcs,d cf 2 
centre1 coru of ~ . p r v i o u s  cl:ly, s:2i, :nd cr;.v~l. rol lud i n  6-inci 
lq?crs ;  p r o t ~ c t i d  by sst.blG s ~ o i i p ~ r v i o ~ ~ s  s ~ c t i o n s  u p s i r ~ a  a d  dqrn- 
strerm, a 3-foot 1;-.:-c;.r of rock rip::? w i l l  cover most of t he  u ? s t r c a  
slopo, exd r. ~L:.T~- rocl~t ' i l l  suction r i i l  l o r n  thr. doy.mstro^~~~ s l o p .  

Ttc ?-xis i s  cv:-vcd on z 750-foo; rcdius, c..rrmgcd t o  producu 
t h e  ruc:uirud s t r ac tu rc  i;ith tht. Ices;  ~nb=lm.lint v01m0. kltkoug:. 
z 1-rgt! portion of thu anb:.nk,~nt on thi: r igh t  ?.butr,~cnt spr ic .6~  t c  
fo rn  2 blmkuting of the  ccsyon slops, t .his l o c ~ t i o n  r q u i r d s  les t ,  
ycrd~gt :  th-n t.:m on- v i th  t h -  :.xis r i ~ + , n s t r ~ ? g  ?.t t h ~  nr.rro~itist :>of.nt 
i n  tho c m p n .  Also, 7ur.dor t h i s  trr3ilr~?Icnt,  b:.dly brolcen s.lictior.s of 
t h e  cayon  wd.l.s i m ~ ~ d i c t e l y  do;mstr;:n. crc; :voided, md thc  rscpired 
length of d iv i r s ion  tunnu1 i s  m?.teri:lly rciuced. 

A cut-off trench errtcnds cpproxim2toly 120 f d i t  t o  budrock. T112 
t rench h:.s z mc=in~u% ~ r i d t h  of 60 f d e t  2:d sick slopes of 2:l. 'PJc' 
c o n i r b t , ~  cut-off ~ ~ 1 1 s  . r c  t o  bO,, p l ~ c ~ d  clong thi; f l oo r  of t;le cut-off 
trench. 1% rubbli: :22SOnFJ ~c.r:pct :fell cnd curb zrr: t o  bc constructed 
clong t k e  c ras t  of t h e  dcu. 

S i l l .  +.n u n ~ o n t r o l l ~ d  opGr: ck!:.ni?il s?ill~r:.y i s  t o  b~ locc.tcd 
i n  2 s:.ddlc cbout &,COO i ~ t  t o  t i ~ d  'ight o_" thu cicir,, rs s::o~.n i n  
drawing; 57-g-26. i!itb til; ovGr?lol: c r ~ s t  :.t i;l~v:tion 2,198, t he  
cc.pz.cit.y undor I O L ~ ~ ~ L U U  t;,-.tcr s u r f x u  ~t ~ul~vc. t ion 2L62,6is 69,700 succnd- 
f i u t .  Concrstu l i n ing  i s  p ropos~d f o r  6 5 0 f i - t  of t i l u  t o t z l  ~ x c 2 ~ ? , t i d  
l i n - c l  d i s tcncs  of 1,650 fec t .  T ~ G  stmcturc;  r.iI.1 bc foundud on 
bzsalt ,  i s  curvid i n  pica, :.ad s u p ~ r - u l ~ v - t ~ d  .-.long tki, i:ortioz of . - grcl t i -s t  ccrvnturc :,ld incl inu.  bl.:.t,;r t ! ~ r c q h  i.hd s>illw:: w i l l  dl:- 
ch-rgc i n t o  2 dr:,?~ .-ad r u - ~ n t - r  t:~,: r i v ~ r  ~t c :>oint ?bout 4,30C fc-t  
downstr~cm fron ~ : I G  6:.i:~. Roclc i s  ~~?05, . .d  i n  t11c bottton of She i r z x  f o r  



:I 
most of i t s  length, md it i s  q p z r c n t  t h 3 .  tho  d r m  woulc2 v r i t h s t s d .  
the flood flouis witilout excussive erosion. . 

Outlet  '.;arks, iL 20-foot dimet.er ou t l c t  cnd diversion tunnvl i s  
l o c c t ~ d  through tile l v f k  c b u t ~ ~ , ~ ; ~ t .  Control of t h e  flovi is ?rovidud by 

1 
t u r n  2.4-inch r ing- fo l loy~i~r :g~tes  a d  two 22--in11 holloii-jdt vr.lvbs 
1occ.tid i n  c. chaibor zbout 550 fcu t  ~bobovu Kns c i o ~ m s t r e ~ n  2ortr;L of t h e  
t u n n ~ l .  Since the  - ~ l v a  dischcrgos i n t o  tho opcn tunnel cio.riistrucm-, 

I 
r se?Er2te 5- by 7-foot r cc t s s  r d i t  i s  provided fro~n ntiLr t he  dow- 

I 
i 

s t r x m  t o e  of t h e  dm. i i h ~ n  f i n d  constmction d rcwin~s  ?.re pr+crud, 
provision 5 . 5 1 1  bc m-dc f o r  thi: disch2ri;u of 110 s ~ c o n d - f u ~ t  i n to  2 closc&i 1 
conduit in thd r i v e r  bud. 

In  providing aolrd n t o r q e  f o r  silt ,  cnounting t o  10,OCO ccre-fbGt, 
f 

tho piir?.~cilcnt intcke f o r  t!lo ou t le t  works i s  p l z c ~ d  ;.t :a ~lc lvc t icn  
of 2,314 f a t ,  o r  cbout 91 f s ~ t  zbovc t h G  inver t  of thi: tunael.  . k 9- 
foot dLrx~eter ii7.clinvd tunnel l,c\.cis f r o i  t h ~  o u t l ~ t  tr~shr2c:c s tnc tu rc?  
t o  tho 20-foot cii;~:~+,~r d i v ~ r s i o n  'xrn~l. ii t u m G l  plug r i l l  be 
p l c c d  &st l;ptri:m from thd  jmction of t h ~  t ~ m  twnbls. I 

Es t imt id  Cost. Thc ~ s t i n c t i d  cost -of thu dzi.1, bcs,d on l9&( un i t  - 
prices is $3,7;8,CCO, ns shown on d1,-:6y 57-2-2h. This i n c l u d ~ s  
rights--of-my, c.cccss ro:.d, raeervoir  clb,-.ring, rcconstmcting t k i  Oro 
Grz-nda pipnliilo, traswission 1i:iv xt'loc,?tion, :.nd corrstruction ccap. 
Using ; h ~  +ril 19L7 ?r icG indcx of 2.0, the  cost of constr-uction 
would ~ c ?  .:,7,50O,OGO. I' P 





Thc m ? n  ccnzl i s  divided t h r u t  sections: 1 5  n i l - s  of e1osL.d 
' conduit :long tho bed 02 t h e  H2ss~.yzr.p2 klivor; s ~ v c n  milus of contour 

c a 2 l  ti1roug2 unLvon topazrcphy from t h e  r i v w  t o  t::~ projcct trLc; 
--^ end fiv&: lrilcs ,-long 2 srioot'. r i d g a  :'n t:lc y r o j ~ c t  zrb:. hL.ch of t:--se 

sect ions  i s  di-cuzsud s ~ p c i - c t ~ l y .  

Srctio& Inhe f i r s t  sect ion of t h e  c:.n-1 i s  51-inch c o n c r ~ t d  
p i p  hc.ving i.r~..iLs t5.x i n c h s  t::iclc cxd 2 c:.p3p-cit:r of 110 s ~ c o n d  fei-t; 
it w i l l  bo burii-d 2 ds?th of -t lt.::.st four f c + t  i n  t h ~  bud of thl: 

-1 . H=ss;.yay. I1&vir. Thc co'iiduit *,~.~ll -xtttrad i ron t h~ rrsirvois c dis-  
t?nc4 of 15 ~ u l o s ,  t o  c point nd:.r t h ~  Scnt.2 Fe r,-.ilror.d bridge (the 
Fzrish Div~rs ior !  D m  s i t < ) ,  ~ r h ~ r v  opdn c<.n:j vdll continui; from t h e  
rivctr, '.hrough t3c  " b r ~ ~ k s "  t o  t he  projvct crcc. 

Prk>visions :ri c d L  i n  thl: estk.; t .~.  f o r  .n.~ictcring tlic: condui; 
~xc;vc.t..on eduring construct.ion, ad. t o r  p-otrc t ion ;s:.izst scour 21d 
other  f -ood da~:.g~. 

Th; costs  of construction of t h i s  ssct ion e re  sun%-rized C.S 

follows : 

C,- 1.-l ~::c-vztion 475.020 cay. c t  .2C 95, 
S t  .ucturt Lxc;.vction .13Joo0 c.y. 2.t 1.00 13,300 
Bc :kf ill Q.0: 000 c.:.. z t  -25 102, jL0 
Co i c r ~ t o  23:250 c.y. c t  25.00 551, ?5O 
Ro .nforcmlilt 3,000:OLO lbs .  c t  -055 165, )OO 

1 
i 

En I-.tcrins 74:600 1.f .  c.t 2.GO 1h9 , ~ 0 0  
i 0 1  c o v ~ ~ s  ~oc? . .  e t l 0 0 . 0  jot) 
P r > t ~ c t i o n ~  ripr:.?, utc. 74.800 1.f. tt l . G O  I--I- 7L :OO 

I 
Subtotcl  
Plus 15 p-rcant f o r  contiiig r n c i ~ s  
Subtot,?l 
Plus 1 0  p ~ r c ~ n t  i o r  c n g f n ~ i  ring L ovcrh~2.d 

Tot21 usth?.tcd COST (19LO p i c e s )  ~1,494,524 
P r ~ s d n t  cost  (using Alpril 1947 cost i n d ~ x  of 1.97) b2,950, i00 

Section 2. Thd second p:.& of t hc canc.1 i s  loceted. i n  c:..rt.h x d  
rock, v i t h  (: battom vridth of 8 fdut, c. t r c t ~ r  depii-i of 3.9 f ~ ~ t ,  s i l k  
slopus sf 1!;:1, md t 12-lnch c1c.y l ining.  T ~ G  ccp:.cit:r i s  110 
sccond-idct . 

Four t u n n ~ l s ,  ; g ~ ; r ~ g ~ t i n g  9,130 fyii;t iIf  lGngthJ  2nd s ~ v ~ r l l  
sh:.llo~~? cuts, :lust ?css through ridg,:s i n  or&r t o  :.void lons cnd 
d i f f i c u l t  ccncl construct,ion. 

T1.10 i n v ~ r t e d  si?hons -x.d Light 30-inch culvLrts  z r ~  rLc,uirLd t o  
h a d l 6  cross drzir,;-&b. I 



Costs of  construction cri? s m x x i z i d  is follows: 

CxcI. uxc-.vztion, Com.lon 16L,500 cu. yds. zt $ 0.10 
P-nc.1 e x c ~ v ~ t i o n  rock 202,500 It " at  0.75 
Structure  ~xc>v:.tion 3L+O lit cit 1.50 
Tunncl ixczvc.tion 17,000 I1 2t 13.50 
52cicf ill 6,940 11 11 at a 25 
Conpcct od bcck f i l l  1,6GO !I 'I a t  .50 
Clzy b12dnk~t 

?i 
26,COO It z t  l l 5 0  

Conerote i n  s i ~ ~ c t u r u s  520 l1 r.t 2 7 . 9  
Concritu i n  tun1lcl l i n ing  5,,300 " l1 c t  18.00 
Rc i r . fo rc~~ .~n t  s t a c l  52,000 lb s .  2t  ,055 
S ;&el  t u n i i ~ l  su*~yort s 260,oco ibs.  2t .06 
T imbcr II 271 l i f t  .b.n. c.t 100.00 
30" p r ~ c z s t  concrctc, pipe I 460 1.f. t 3.50 

Subtotcl  
.Plus 15  p-rccnt f o r  conti-lgcncic,~ 
Subtot-l  
Plus l0 p a c c n t  f c r  ovurhi ... ci nd cnginsering 

TotzL ~ s t i x t ~ d  i o s t  (bzs ;d on 1940 ?r icusj  
PrLsent: cost (using : ipr i l  1947 cost i r d ~ x  of 2.0) 

I ~ c t i o n  3, The 1-st sect ion i ;  through t,he irrig:.blt: r.ruc. cad - 
dl1 clso bi: cl-y-I-linzd, It i s  l o c  ~ t e d  on top  of 2  scoot!^ ridga r:!l~re 
t h e  ggrau?d slono i s  so g r x t  t h c t  2 t o t 2  of 24 clro2s cro- r i q u i r i d  t o  
cvoid ~ x c u a s i v i  v.- . locit i is .  Thc cc; ,:.city i s  gr.:ducllg ruduc~d f r  sx 118 
t o  30 second-fact. Construction costs  :.ru itcr:iiei;d ! ? ~ r u :  

( :a21 cxc-.v~tion 
!.tructurs excc.v?.tion 
E.rckfil1 
Conpcct ed b ~ c k f i l l  
Ll2y blznkct 
Concr,t e 
Eoinf. s tml  
Skructur .1  s t e a l  
l ' c ld~d  s t ~ o l  nosh 

s tvo l  
23" p. c. ~i?3 
24" " I 1  

3011 " I 1  

65,010 eu. yds. :.t + 0.18 &l,7(0 
510 l1 2t 1.50 7: c 

2 , 2 7 ( , "  " ~t 0.25 550 
1 ,1~0  cf 0.50 5! 0 

21,530 " l1 :t 1.50 32,3F-5 
817 It cit  27.50 22,LC7 

60,860 1'3s. 2t G.055 3,317 
40,870 lbs .  2t 0.12 4,:::o 

5,430 lb s .  2t  0.CE 42 
1,930 l b s .  t 0.15 2L 5 

30 1. f .  :.t 2- 20 (16 
50 1, f .  zt 3.00 150 

130 1. f .  c.t 3*50 3!;0 

Plus 1 5  2 ~ r c c i l t  <or c o n t i n g ~ n c i ~ : ~  
Subtotd. ,, , , . 
Plus 1 3  p,rc,nt l o r  ovcr!~u.d :.nd ~ n g i n ~ u r i n g  2 362 J- 
Tot21 estii:,-.t~d cost ,&, 579 

P r ~ s u n t  cost (usire i.pril 1947 cost i n h ~ z  of 2.0) .$l35,.000 



Sumncry of Mc.in Cmcl estim-.tes: Estiw.tud cos t s  of thu throe 
sections of thu ncin c c n d  z re  swn-r iz id  bLlow: 

Scction 1 . . . . . . . . .  32,950,000 - 
Suction 2 . . . . .  
Section 3 . . .  , 

Tot& cost  7, 

Op!3n c:.rkh clm?.ls vrith 3-Inch cl:-y I i n i i ~ g  w i l l  run u:st c t  hhn1.f- 
mile in';crvc?.ls, providing (: sta1d:rd d ~ l i v ~ r y  of f i vo  sLcond-f,ut Tor 
ecch 50.-xi-c t rxt  o r  2. pmportion!ztL ?;.:want fo r  lrrg,;r  or s ~ : ? l l o r  f-m 
uni t s .  Projzct  1-nds h,-.vi excellent. topogr22h;r vrith 2. fc.irly ~mifom. 
slopc: o: *out e ight  f e c t  p-r mile ac s t  =id :lust from th; r:&n c;,n 3. 

E s , i ~ r . t c s  of l:tLrzl s7str;n costs  z r ~  here sun!zriz~d: 

53,5CC eu. yds. :.t $0.20 $10~7 JO 
CL~C 2.t 1.50 1,2;c 

10110( It :.t 0.25 2,5 ?5 
3,20( l1 It z t  0.50 1,6 !0 
8,LO,Or " c t 1 . j O  12,6 30 
1,04( I t  ct 27.5C 29,730 

66,20(. lbs. :.t 0.0j5 4,7 a 
13,30( lbs .  ct 0.15 1,9'5 
1 ,  1. f. ~t 2220 3 ,1~6  

6 0 0 1 . f .  a t  3.00 1,cjC~ 
1 1. f .  z t  3.50 l,0:5 

SUWLO~:.~ $71,152 
Plus 15 percent f o r  cont. in~.t ;nci~s 10,6?& 
S u b t o t 2  61,876 
Plus 10 p ~ r c i n t  f o r  o v ~ r h ~ : . d  P: engineering 6,1:;3 

T o t d  ~sstim;tbd cost 

P r ~ s , n t  cost (usinZ q r i l  L9!+7 cosi 5nd-x of 2.0) 

A s  of h p r i l  30, 1947, c?pro- imct~ly  $7i.,000 h2.d b ~ e n  s p a t  on 
t h ~  invLst igct ions  of t h ~  H-ss(:~r:~.~p- 9roj;ct. In t : 1 ~  ~v;nt th'.t thi: 
project  is  r.ututhorizcd f o r  constructic~n, it is  cstiz!i.tLd th;l-t a ;&I- 
i t i o n c l  $19,00C ? Z ~ l l  bL nubdud t o  com91Ut~ the  invustig3tions; t k i s  
would ir.cll:.dc c. topogrr-?hit s u r v ~ y  of th,: ~ r o j d c t  :rr;zr 



Operztion 2nd Mrintenatcl; During Construction 

The cost of o p ~ r c t i n g  mLd mcintaining t;ia projcct  Curing thc  
construction icr iod,  including %he pr-bing 2nd puddling of c m d s  a d  
t h e  purch-sc? of opcrctifig igquipumt, i s  es t inctcd a t  LO p ~ r  zcrk, o r  2 
toti!. of %>70,000, 

Drainage 

As s t a t ed  in Appendix B, Projact  Lcnds, c d r&icg~  s y s t m  i s  not 
considered nccussrry, ?ad en @lorr=nco f o r  d r ~ i n c g e  hcs not i x t n  
i n c l u d d  i n  thc  cost cstim2t:tris. 

Domestic \i?.ttor S u p n l ~  S~rstwn 

Frovision of Cil zdequcte rfcter supply sgsten f o r  thd pro jbct homds 
md fc.r t h e  projdct t o m  o r  hccdqbxtcrs .;itt%zm) i s  usszr, 
tid t>  successful dcvclwjn~nt  of t! u :.I-=a. F r ~ l i i i r ~ c r y  S i d d  s,i- 
mates indicc.te tht:t t h e  cost  of t h ~  s p t m  r r i l l  bc :.bout $37b,G00 
(scu zppcndix F f o r  dct:.ilsj. 

Construction costs. P r i s ~ n t  cc s ts  of construction f o r  t1.s 3ir--.u - 
of Rct l a x t i o n  f cc,tui-us a-L sumc-rii kd c s  folloxis: 

Box Cknyol D m  acl iilcscrvc i r  $7,500,000 

0 C 1 ,  during cor.struction 

ion  2nd !i:intancncu 

C o n s i d ~ r ~ t i o i l  of rucordcd opcrztion m d  ncintcncilce coots os  
irrig:.tion p-ojccts  i n  t k i s  rdgion, ?rhcn studied i n  connection 7;iith 
c budget =I-lysis of prob-bl; coildit,iona during the r d p t p c n t  period, 
l e d  t o  t h e  conclusion t h c t  opsr:.tio:? cad ric.intsn,-.ncc costs  f o r  
irrig:.tion 2nd f cms tu rd  =dur:.t<r > r i l l  prob?.b?bly ?.v;r:5a ~io~t ;~35,4LG 
c ysw,  dividcd cs follov~s: 



SalarLes azd Directors'  expenses $8,000 
Office and t r a v e l  e q e n s e s  
Legal a d  audit ing expense 

2,000 
1,GOo 

Labor and materials lL:, 500 
Farmstead 'Ja'ieli (See i~pp. F) 6,700 
Contingencies (1C percent') 3,220 

Tota l  

Cost an acre ( 7 , ~ 0 0  acres) 
( i n  round pmbers)  

i 

Design and Constmction Problens 

Construction f a c i l i t ,  F a c i l j t i e s  are  not available a t  t h e  - 
dasn s i t e  l o r  constr~ct.i.on o?eratioils, i!ousin~ and other f a c i l i t i e .  f o r  
a construction force could :~robablf I--e secured a t  t h e  t o ~ n  of ;,ick€n- 
burz, 1 2  miles d i s tan t .  

3 

Wa.;er supply f o r  construction or e ra t ions  czn be secured by tht  
i n s t a l l a t i o n  of a f i l t e r  c r ib  i n  Has:ayampa Mver upstream fron thc 
construction area, 

~ 1 - c t r i c  power fo r  construction our>oses c a ~  be secured a t  a 
reasom 11e cost eit:?er from t h e  a - k j  l cvo l t  l i n e  of t he  .irizona Po%.er 
Company, crossing t h e  r i ve r  2t t h e  uf ;3er end of the  reservoir ,  o r  
from a imaller l i n e  crossing a short distance below -:he s i t e  of t i ? !  dm.  

A b ~ u t  9 miles of road, s u i t a l e  f o r  const,ruction use, :,.5ll need 
t o  be cmstructed f:on a point on U. S. High~rag 60, aboxt t h ree  mi: es 
northwest of \rickenburg, t o  t he  s i t e ,  

Cbnstructior. materials. - Impere.ous, ~emi-~>ervious, a d  rockfi1.l 
m a t e r z l s  w i l l  be produce6 b -  screedng the  p i t  run of a borro:.i areta 
located near t;?e r i gh t  bank of the  r:.ver about one A l e  upstreaii f ~ , o n  
t h e  d m  s i t e .  Angular rock f o r  ri?rt,.p czn be quarried froin any 
number of points  i n  t he  Lmediate v i ~ : i n i t y .  nggregate f o r  concrete 
may be 'secured f ron  gravel bars along; t he  r i v e r  channel about threti 
miles dwnstream, b:- crushing rock f ~ o n  req i i red  rock e::cavation, t r 
by quarrying excressly f o r  t h i s  pllrpOse. 

Desizn flooc?. The spillway des:,gn flood derived by the un i t  graph -- - 
analysis  riathoti i s  estimated t o  have 2 geak Cischarge of lF3,OC;O second- 
f e e t  and a voPi~r,ie of 132,3!$ acre-feet. Det,ails a r e  given i n  np?endix F. 

Diversio:> - c iur in~  constmction. ;.stirnates of ?ea!i flood discharges 
have been filarla during t!;e ~ e r i o d  192:. t o  1937, inclusive, uhen a gag- 
ing  s t a t i on  rr2.s o?erated a t  t h e  reservoir  s i t e .  The m,dmm estimated 
flow during t h i s  >eriod was 27,122 socond-feet on February 16, 1927; 
a mean-3aily discharge of 21,700 second-feet rias i-ecorded f o r  t.ilat date. 
Therefore, provision f u r  diversion of 1 5 , G G O  szcoxl-feet, vithout 
appreciable cofferdan storage, i s  recomended durin,: construction. 



There appears t o  be l i t t l e  l ikelihood of floods during the ?eriod 
from mid-Kay t o  ju ly  f i r s t .  Floods ham been experienced a t  a l l  other 
seasons of t h e  year. 

During construction-of t h e  mbanlanent, the  r iver  ~611 be diverted 
through the  20-foot d i m e t e r  divervicx and out le t  tunnel. portinn 
of t h e  u p s t r e m  t o e  of t he  dam w i l l  form t h e  upstream cofferdud. The 
tunnel has a capacity of 15,000 second-feet with t he  water surface 
a t  elevation 2,2~5. In addition t o  diver t ing the  f l o ~ r  of t he  r i i e r  
during constn1.ction, t h e  works ;dl1 have t o  be protccted against m- 
off i n  t h e  draw a t  :he ri;ht aputment f o r  about six months of t!;e 
year. The cost  of this protec%ion i s  incoy?orated i n  t he  estimate. 

Construction Feriod. Based on construction periods required ---- 
f o r  Burc:au of ~~ccia?..ation dams, it i s  estimated tha t  it w i l l  tzke 4:hree 
years t ) construct sol;: Cayon Dam. The re i~aining s ro jec t  works >+o'lld 
be cons*.ructed during t h i s  s m e  ?eriod. 

R i  ;&-of-!?zy2- Coast ruction of t h e  reservoir  w i l l  involve the - -- 
purchas 3 of 6 ;:arcels of 2atented l a rds  t o t a l l i n g  1,232.51 acres. 

. d s o  3 :~atorlted nining cla&.s e r e  ir. .~olved, s s  shorn on crawing 5 3  -2-6. 
i t  tabu1 i t ion of t h e  y-ivat,c?l:r-owned Lands follows: 

Paterhed Land: 

-- - 
Idcnt i f  .ca-,ion on : .̂. , Dra~sing 23-2-0 b m e r  Area : Cultivated r .~&  

A : h. F. O'arien : 160 hcres : 0 
B : C. G. Stor ie  : 160 Acres : 0 
C : F. 3. Cx.eron : 120 Acres : 1 1 ~  Acres 
D : C. H. Scott : 120 Acres : 37 ACrcS + 
E : E .  Bates Es t ,  : 40 i.crcs : 

The pat.snt.ed ;lining claims, a l l  01::nsd b;. Lrs. i. F. :ihite of 
Congress, ,rizoi~a, 2 . ~ 2 :  

Bkck 1 ?.prior 
Lit '  i e  Chief 
Rigkt 3ower 

These c la ins  a r c  i i l i n g s  ;or ?l;lcer ;old r&?ing ;nd ere not being 
worked. 



The cost  of purchasing lands i n  t he  roservoir  zrea and clear ing 
2,100 acres or' b x s h  and scat tered t i n b e r  a r e  esti-lated as follows: 

Lkem :~rea-ncros:Unit Cost: ~mw.C 

Cultivate6 l a d ,  pa r t l y  i r r iga ted :  62 : :,;lo0 : 35,20C 
Grazing l a d  : 1,170 : 1 0  : U,:OL, 
Clearing r o b e r w i r  : 2,100 : 5 : 10,5& 

Tot-el Costs $2S,4W 

The Oro Grande Iiine, ebottt th re :  miles east  of Box Canyon, se-,uros 
a water sup?ly from the  H;ssa:,arApal R::ver th rougha  surface l i n e  ~r1.1 a 
punping plant noar t h e  >ro?oscd dan~ $i+,e. The s t&tus  of t h i s  w&te. 
r igh t  j s ;lot kiovn; t h s  xine Iias bee I op.-i-r..tsd sn lg  i n t  emi'2i eilib~ i n  1 
the  pes t  ycars hcs bean co:z?leteLy s5ut down s ince 1939, S!lo'a:d 
it become neccss-rg t o  provide f o r  t ~ e  continuance of t k i s  supply 
a f t a r  constructior. of t h e  nrojoct, t :is could be done bjr r ~ o v i n ~ :  t h ;  
proscini, p l m t  do~mst rem,  below the  ia2, This ;.muld requir3  bout 
5,000 !'eet of &inch p i p  ( t o  coniiec; t!?e nitr pump s i t e  k i t h  t he  pqes- 
ent 1i1.e by t h e  shor t ss t  f ~c.si'sli: ro :te up th;; c m p n  v a l l ) ,  a ncvr 
puvpi~st.se, E-.d ii~provenent of tho  ex i s t i zg  rocd f o r  access t o  t h a  >a:?- 
Tho esi.inakcd costs  f o r  thesc f e ; t u r ~ s  21-3:  

P:.pe l i n c  - 5,300 l i n .  It. L;-indl zt $1.00 
Rs~~uhousc - iiovin,rr a d  instz l l f i t ion of ~ L U ; ~ ~ I S  

k1:cess rozd - I n p r o v i n ~  2-4 n i l z s ,  i i l c l ~ ~ d i n g  
culverts 

S:incc the  3 r . e  i s  r.t presont irscti-re,  it i s  l o s s i b l i  t hz t  e ccsh 
s c t t l e w n t  foe?. a l ~ s s e r  mount thzn $7,100 irould be i..ccc;,tcd i n  p r ~ f -  
ercncc t o  th;. re1oc;tion. 

A 41~-kilovoit i?l;ctric trmani?sion l i n d  of t h e  1-rizona Po~:ir 
Conpan;[, rcnning from F r ~ s c o t t  t o  1:icltenburg; crosses tha  resarvoir  
s i t e  i n  Section 36, T. 9 i!]., K l; Ti,, m d  2 tulcpb.onc l i n c  crossi-s 
t he  ed,<c of thi: r c s i rvo i r  Z r ~ c  i n  S ~ c t i o n s  1 md 12, T, 9 TI., 2. 5 'ti. 
Thc~ cost  of rclocuting t h i s e  i s  i;stin?.ti?d z t  : 'j2,0~0. The t o t d  cc3ts 
of rdservoir ri~i~t-of-vrr.y, including,; rclocztions of I !p rov~ lmtS ,  :re 
~ s t i r n ~ . t ~ d  c t  :;)37,500. 



Four 3.lternztivo ?1ms w r a  considerid: - 
1. Hcss~ya17a River divers ion 3eF.r 1.iorristo'tm 
2. Hip:~iinc ca2.l f o r  Yox C m ~ ~ o n  Reservoir 
3. V l i l l i u s  Bivor diversion 
4. Colorcdo Zivu'r diversion 

Waters of tho  Hzsscyazpa kivkr would be stored 2t Box Ca:,an 
Resurvoir, r i l ~ c s e d  i n t o  the r.atural r i v w  chmitol, ilnd divcrt.;d c t  
t ha  diversion La.? s i t? tit thc  Sxi'ia F.: iizilrocd crossins  n-zr Lorristom.,  
Thc s t c r c r ~ c  rzservoir ,  ccmL s7stw1, x d  let-1-21 s y s t o l  ~n!~.ld bu 
simil.%r t o  t h ~  zdoptod p1:l;n but thr; closcd conduit i n  t h e  r i v ~ r  
c h ~ n n ~ l  i i r~uld be ~ l i r n i i l ~ t o d .  

Tke m a i n  2iscdvcntzgc of t h i s  :dm. i s  th2.t 1~-p;!  c h ~ ~ c l  loss2s 1 

occur tdyu~cen t h c  r : s ~ r v o i r ~ ~ r i d  t h c  ;oint  of diversion. ?,hose los3cs, 
as discussod i n  11i7:2w1d7h- C -&Idor t he  :leading t t X v ~ r  Chcxni-1 Losses", 
a r c  o s t h a t c d  t o  .-v.;rz.go 7,520 acre-l'cct, ??;r yi.cr. Ofi 'sztt i i~g con- 
t r i bu t tons  fron- s ide.s t rums ?.nd f o r  u?li~rflo;~ z rc  st:a~in t o  to ncgiig- 
i b l e .  1,s 3 r i s u l t ,  ,l3s3 tilan 5,COO ; crCs cou.ld be csscrcd c dqu2 l -  
cblc  i r . r i g~ . t i on  sup?ly by tha  210,GU acre-foot r;servoir zt LOX 
Cznyon . 

P:.eli.hlin.rg cost s tud ies  basid c il f i e l d  estinzt,es s!lo~iec! t ha t  
t h e  coljt per 2cre irrigated ~lould ' o ~  hiighcr i h m  f o r  tl:a sclict..d ~ 1 2 n -  

H i ~ l i l i ~ ~ c  C z , c l  from Go:: C;n'ron IiLscr ioir. 
,, 

A i n  t h s  s ~ l ~ i ~ t ~ ~ l  p l m ,  v:-+ir ~ ~ u l d  be storoZ z t  tho Box C:;jan 
ResurvcLr  sit^ f o r  iiolivi;r:r t o  ??IC ;3::0ji'ct ere: m2r iiittrn-nn, li hish 
1ir.e ,:cn?.l 3::ould ! ~ o  d i~vc r t id  tllroue;: 30x Cczyon 2:; :-t died storrgo 
l o v d  ( z ~ , o u ~  100 rc3t cbov5 t50 riTiij.- 'zed> z d  f o l l o ~  iiic i20st fc;:.s- 
ib ld  1li;ztion C ' L O ~  t o  t he  projac'c ~ ~ e .  

St~.di?. surveys of t hc  ~ ~ 2 . 1  rrsuii: sLolred t h z t  t . : ~  f i r s t  2,100 
f c s t  1.r3uld bi: locztod c l ~ i l g  steup, r .3~1.:~ slo?es, t h s  nLxt 10,200 l u ~ t  

in tui:lGl, :nd the  11c:ct ~ i g h t  ~ d l o s  !:o~~ld co;:sist of 2.1-tarncting 
tunnels  cnd hec.7~. rock cuts. Thu rla.zir?d-r o i  thd routc vrrs not 
survcjr,d. Przli?in;ry cost istiiri?.tss shoikd thc t  construction coi:t s 
of t h i s  highlinc route 1;ould cxceCd t::~ cocts of t he  r iv~rbuc!  c o i l c ~ ~ ~ i t .  

Should thcl Ilcssc.yc,spz P r o J ~ c t  h s  c u t h o r i z ~ d  f o r  construction it 
would bi: cdvisc.blc t o  considcr ir, z rLa tCr  de tc i l ,  ~ i i t h  t 3 ~  ;id of c.yr- 
i a l  photogr?pl?s czd s t r i p  topogre~hy, s s v e r d  routus ~t ?ttff=ircnt Ai- 
vations bcty>r~in t h i  r i v e r  b ~ d  aid dc2d storrgr. levzl.  Suc11 survc;-s 
trould bc orpensive 2nd 2 . r ~  not b a l i c v d  w c r r a t ~ d  -t t h i s  t ixc ;  c.ng 
ch?.ngis in cost ist2.1~tL.s bc.s~d on nor* r i ~ t d l - d  infom!rtion mGld not 



be of s u f f i c i ~ n t  magnitude t o  matdr;llp a f f ~ c t  the f z c s i h i l i t g  of t ho 
project ,  

k i i J . l i ~ n s  Eivcr Diwrsion -- - .  
Thn ~l i t t :~~c lm i n t ~ ~ ; . s t s  mcdc inv<;stigctions, p r io r  t o  t h ~  stud.:. Of 

t h e  p r o j ~ c t  by tho  Bur,?.u, f o r  dt;tmninine; the  f ~ c s f i i l i t y  of divi.rting 
s t ~ r  froa Eiirlxland Crec:~, c t r i b u t z r y  of thi: lJilliaxs i;iv~r, ovor the: 
dividu i n t o  ti;c her-.d\ictei-s of i.f~.rtiniz lirsh f o r  usc on t.ha ! i n s s c y q a  
Proj ic t .  1, study of t he  d ; t ~  obtcined t o g e t h ~ r  with sozu r~scc.rcir by 
t h a  &rLc.u i n d i c ~ t c s  th2.t t ths high cost  of t he  s n a l l  x:?ount of ~r;tir 
obtxinod ,r inders t h r  sch&le in??i;zsible. 

This p l m  of dcvelopn~nt  c o n t e ~ ~ p l r t e d  c. c a x l  6iver t ing from 
Kirkl&ii. Creek 2.t c point nd.r  YCLVC and eniptying in to  Box Zusirvoir 
t o  augmnt t h ~  rr2.tur sunply o$ thi! Hcssa:rmpa P r o j ~ c t .  ?bch z cxx.1 

. . 
would a;.so in tc rce? t  Dctc Creek 2nd ~ I r t i n a z  Crcuk. Elegulztorr stcr'ge 
on Kirkl.md Crcck cbovo tila cc.aal. ; l : l~c i in ,~  would be nucoss2ry. 

Records of tho  flovr of 1Ciri;lznci Irie:: Zrz 2v?.il?.blc f:on Fubnzry 
1908, t c  F;bruary 19ll, inclusive,  211-3 from L.;crch 1932, t o  Scptmb,:r 
1933, i r  clusivc. BUccusi sufficicil t  s t r - m  flow x c o r d s  viirc not 
&vr.il:b? c f o r  m c.d~;qu~t.u corrGlr.tion, cn :.tt~ix.:t wzs rPxli: ",a corri l z t e  
t h e  floi: of Kir!cla?d C r ~ c k  :dth t he  cccr:;g~: pr~;cipit ; t ion on the Glcin- 
:go bzsin 2.s d ~ t u ~ ~ u n o c !  by th,: Theissir, method. For t ho  pcriod 19( C -  
13ll prt ci7itr . t ion c.t Y~crnull wr.s urei;k,tud l+? Tcr ccnt, Fr-scott 31 
per  c inl ,  Coner~ss  1 2  p L r  cont, 2nd i;:lnut Grove 7 per cur-t. For 
t!io 193::-1933 poriod prccipi tz t ion z t  Tonto : ? a i ~ ~ r  S k t i o n  wc.s woii;htcd 
54 per cent, : ' ? . b ~ ~ t  Grove L , 1  per c ~ n t ,  2nd t ' r ~ s c o t t  5 pi;r cant. 
Plot t in(  thc Cct2 o b t 2 i n d J  bot!-. by Y;E.~S bar four-minth period:., 
resul t i t i  or.1;- i n  2. scattorcd g r o q  of 2oints  through r:l-ich c snootl. 
curvc could not hi. dr2y.m. 

i 
i 

iin enclscvcr +,cs x.de t o  coi-.vort !;i:e dc-tr. ir.to use .b l~  f cm by 
plottin:; c ~ : ~ u l , ? t i v ~  pruci:sitction 3 3  m - o f f ,  b:~t t11u rls-off %rcs :;o 
srildl i l l  cu~pa r i son  with t.hc p r ~ c i ? i t z t i o n  th:t a conclusioil could 
not bc ~-i.zchzd, Frici?it:.tion : r ~ s  plottud 2.gcinst c.5sorptio.oc, but 
ivithout s c t i s f  cctory r ~ s u l t a ,  2nd t h i s  nethod wcs d s o  cbadoned . 

ii i:urt:l~r : . t t ~ i ~ p t  v.;cs mc.d~ t o  dz t i : r i ne  tho cvvrcgo ? '~ci~itc. t . ion 
9n the  i:iricl:>iA C r ~ e k  Crr.incgi crec hy ;st,?blisliing .. rull t icln b;t.,:cdn 
r.;cinfc12 rnd elcvztion. The propor t im of t h z  ere,?. ii; d i f ? - r a t  
olovc.tion b:nbs v::s cozputcC by plcnixetur. Thi; cvLr,-..e;. r-ini"r.11 :t 
num~rous ~v~i1:hl i :  s t ,? . t ian~ i n  Yzvcp;.i ..-d .e;rbjr co~u?tics ?.irs dLt..r- 
d n ~ d  f o r  t ; ~  1908-1911 ?-riod, 2.130 f o r  thc: period i930-199. Thc:sa 
Cvur-glu V?LTC 2 l o t t ~ d  ?.grinst t he  ~ l u v z t i o s  of czch p z r t i c f i x -  str.iion 
a d  sct isf-c tory curvcs m r c  dr2.m; c.nd tho  prdcipi tc t ion i n  icch i~x?d 
iveight-cl i n  ~roC.uction t o  the  ,?I--2 of t:la b::nd. Dy those r~uthods of 
d e t i m i n ~ t i o n ,  thz  c v ~ r c g k  m u z l  ?ruci?itz?.ion on the  to t31  drcir,c.ge 
c re2  112"s found t o  bc 21.2 inches f o r  the 1968-1911 p ~ r i o d  :-?d 21.0 
it~chc>s f o r  thc  1930-1934 pirioti. 



Thc foregoing mcthod ~?.s us& f o r  t h e  fi:.sszYmpi: I l i v ~ r  < r c i n ~ . ~ a  
ore3 above bF?b.ut G m v ~ ,  rad r sqcr2t.e r-inf-11 eluvc.tion curvc x .de  
f o r  t h e  poriod of 1lzl.nut C-rovu s t r u a  flow record, 1916-1928. The 
Cvurcgfi mnu-1 prrci:;i.:$ion wcs fowd t o  bc 23.5 inches f o r  t h i s  
period, zqd t h e  cvcregc h u c l  runoff 3.1 inchus, i i~d icc t ing  20.4 inchus 
absarption. T h i s  cbsorption, ep?li'Gd t.0 Kirklmd Crack drzin2.g~ zi-~z, 
in&iczt.c;s c r m o f f  Luring thu  19?0-1?39 puriod of 0.6 inch, ~quiv:.ldnt 
t o  2.ver2ge un-ua l  =?off o f  ,113,600 ccrc-f ~ u t  . 

The ss?nc mcthod wzs zlso applied t o  t he  arcc ?.hove 'the proposed 
c a d  bt;t>rcon t h c  K i r k l x d  C r 3 d c  dr t incge crua ?zd ZOX Cmyon ibsbrv0ir .  
A n m d  r?inf:ll ~z?.s fomd t o  3& 19.05 inches. This i s  l a s s  thm th- 
n o m d  2.bsorption 2 s s u n ~ d  foi- t h e  v i c i n i t j ,  md it i s  assur~cd m 
zppreccizblo runoff :.rould not be i n t k - c c p t ~ d  by t l ~ u  c?iliizl. Flash f l o ~ r s  
rzsu l t ing  f r c n  iiltcnsc s t o m s  mizht !~ose ib ly  ?field sufficitrilt runo:f 
t o  o f f s ~ t  tbo  1 0 3 ~ ~ s  fTom thd & i v ~ r s i o n  c~n:.l. 

Ecccusc of tko long. divl;rsion c . n d  riquired,  t he  rmgh t r j r r - in  
througi., ~i:hic;~ m c h  of $hu c ~ r l  ~ m c l i  b~ c o n s t r w t ~ d ~  ?nd t h ~  n ~ c o , s s i t y  
f o r  dcv.elopcilt of i*.dtition?l s to rag l  on Kirlclzid r w k ,  thu runof '* 
~rhich  could bd divLrtcd fron t , h ~  Xir'-l;-.r,d Crcik Crzin-.ge crcc is 'n:)t  
suf f ic icn t  t o  j u s t i f y  t h ~  constrcct i  ,n costs. lIordo-~zr, prclk~dnc:?y 
s t u d i ~ :  of runoff c t  the hG:d?:w.t.tzrs ~f th; :;illia.m Xivcr indicc"te 
thesd .,.?.tcrs: would bi: u t i l i z e d  f o r  i-r igc.t ion within Chi 3r.sin 2t .t. 

l o s s e ~  uni t  cost. Thisi: r.t~ta-s slloutd not bc considcrid f o r  c%For; - 
t o  t!le Kcscc.[v',?i.~p?. i l i - ~ u r  b-sin. 

Ir.vcstig<-.tions cri! noT%i i n  progr 2ss by thc  2 r G c u  t,o d o t ~ r r d n c  t h e  
fezsibr.lit:r or Livurting Colordo X r c r  w-tor i n t o  tho S d t  G i l a  
v y Studids h2vu been m:lle of three ,? l t~~n.n,? t ivu routus: 
2 C:.nzl i ron  L?ku Hr:v;su on th: C>iorc:do River t o  ?.ic3ovrzll 3usc:- 
vo i r  ox S2.1.t ~ i i v c r ;  (b; Turn91 fron X ~ r b l e  Ciq:roi~ on thd Colcrtdo 

--  . Rivm i o  $hi: Virdo .ilvor :x& t'?i~;-.ci. >y t h z t  r i v - r  t o  ;Ici)o~-:ell ;:~s;r- 
voir;  1:c) Tcmd f ron  Sriegc C?.nyolon on tile Colorr.do Ziv-r t o  3ig  
52.nd;r Creek ?xd ' h~ncc  by c q . > ~ d ~ ~ c t  t >  ;.clior:ull ?rb3.-rvoirr T!:.;sc 
invusti.g?.tion:: hr.vi: pro~7rcssdd s u f f i - i ~ r . 9 7  t o  sho7.r 5izc.t t:-.c. xt,r 

5 which x!ight be i:?~.dc c v c l l z b l . ~  und-r 3 1 1 ~  0 1  -L~ICSJ  p l m s  Cll bc n ~ c l s d  
f o r  tkLe r d i - f  o r  p u s o n t l y  irr ig:: td Icnds i n  t ' n ~  S-lt  ?~lcl Gilc 2ivdr 
Vcllq-:: . 

? i - c l i ~ . i i l ~ l ~ ; r  survoys f o r  thc; cx-.:l l l n o s  f ran I;F.V-SJ end Gridgo 
G:::yon hcvi. b~zi ;  co:?.pl;tdd - ~ d  it i ! ' . ~  b ~ ~ n  folx~C tk t  z.11 of tku - ? Hzssc.;i::z??. S.ro5uct i x d s  ild ~ r c l l  :.b.bsvb t!lc czn?.l. ,;lso, Projzct  i:&s 
D e  too  rcmotz fror31 t h G  I.L-.rSlc C;-ayon-V-rdc F.iv,r m u t e  t o  ?~rr?:Lit t.his 
beins ?. fc:.siblo sourcc: of r . izt~r.  H - ~ c L ,  t,hGsi: ?I:-~Is w i l l  not i n  
my cf1i:ct prcszct considir:.tion of th,  Hcss,?y?~ipc Projuct, 



5 Tk- p ro j i c t  l a d s  c r c  1ocr.tcd a i l .  .m :pic? a d r v ~ d  by ?hi co~-::.i5iv;ly 
ch2c.p Fovrcr gi;ilr;r;t~d on tho ColorL.dc 2 i v m  ?nd bj* the nl;~+s oi' tiiu 

- .  
S d t  Rivir V-21c:r I 2t ilscrs Associ:.tion on S d t  Z i v ~ r .  Tiiurrfo:-.u, 
XI- y o i i ~ r  dov;lopdnt of thd Eo:: Ccnron Ecservoir rmst bc! of low cost 
i n  order t o  corngctc with p- i ' s~nt  2ad contumLilc;t,~d lovr cost ;>ov-r. 
I r r i gz t ion  ncGds zro ?c.rmoult :or th;: H-ssr.:~n~pc Proj-ci, :.cd cay  

9 possiblit ?oiror d~v;-lopnint mst Lo c ~ n s i d ~ r ~ d .  2s onljr incicientr.1. 
Thu >,dd.il? f luc tuc t ing  powr  k c 6  c t  Box Cci~!1;-on Dm, vr.r:ing f r o 3  c. 
m22d.iilulil Of c'soct 217 f f z ~ t  t o  c. miniri~mn of 90 f u ~ t  i n  cora-;cr:.tiv<l;r 
short p-r iods  o i  t i x u ,  a d  the xjt.ric.t.ions i n  wzi -~r  ? . v - i l ~ L l ~  for  
poricr g l i~arn t ion  :.d~Ach vczi-s :A~onth t o  aon t :~  f ro2 c !n:;;ir.im 2v~rC.g: . 
of 13 -j ;r c ~ n t  t o  cvcrzge ixir.iiu-0. of 3 pdr cdnt, p l -eclud~s cAy 
considi  'stion of polrcr d i v ~ l o p n ~ n t  >?klch coal6 c o l ~ ~ > ~ t c  rj;,th 
por r~r  z L r u ? d ~  il~livi:".,d i n  t h i  er;,?. 31 zd.Gitio? t.hu A o s t  co;qLctc 

' ?  u t i l i z2 ; ion  o? cvc.il:bL ~r,-.tcr su??l:- f o r  iri-i:c,t~or. ?rrpos,-s : J r ~ v ~ i i t s  
my con;id,r?.tion of power d;v-lol;:3~r.t r.rit11 wcCturs irhic:~ ~ o u l d  usu . l l y  
ba wzst ;d. 

This zppi;ndix ~ 2 . s  p r u ? c r d  1 5 t h  tlia coo?~r?-tion of t he  Lbs 
hngdos  District Of2ic;: or* :hi: Corps of &gic;ers, 1;-r Do?-rt~ilunt, who 
m d c  zv?ilc.bl.; b,-.sic d:.t.t,? rusultin.2 :'ram 2. flood d ? ~ r . g i  euri7uy cos- 
ducted by t h z t  oofficc, r ~ d  ~ r ~ l i i r i n z : . ~  c-.lc,~ic.+,ions t o  cituriiunu t:+ 
cvcrc.ge cnnuzl flood drr,i:.gus ;?cl flo.36 control  bcnir*it s . 

Floods of ? . G ~ &  

Th,:ri: 2.1-i no r ~ E 2 . b l ~  dct: ;vzi:~:.bli in3ic:ting tkc  c!-tus o r  
m2gnitucLes of f locds t!;c.k hcvG occa-.?d i n  tho I ? ~ E s c : ; ' c ~ . ~  2 ivbr  3 s i n  
p i o r  t o  1390. Duricg t i ~ i  2-rioa '{li?C-19!.5; f o r  vrhicl-. !L:drologic 
d .  r . r i l . . b ,  mGCiur;. t o  1-rg; ::loads occu r rd  i n  t.hc 2r~T.i.s of 
1690, 1905, 1916, 1919, 1921, 1723, 1.925, 1927, 1931, 1.332, 1935, 
9 3 ,  2nd 1 Thd l ~ r g ~ s t  f loods occurrid i n  1916, 1325, 1 9 8 ,  
1935, m d  1937. 

Runoff records ?.rs -s7zil;blu fop six s t r ~ c x . ~  g~g i i i g  st:.tions i n  
t ho  H.=:s~r12;??2. P,ivur 3c.sin. i'onc of thc r u ~ o f f  r;cords sbcurud :.t 
thusi: stc.tions p r io r  t o  1938 .ri; of j .uffici~r. t  Zccurclcy t o  SO cl:.-;~d 
2s good r ~ c o r d s .  The i.rrc.tic occurr2nci cn6 skort  cl~rr: t ion of flooG 
runoff m:kc it d i f c i c u l t  t o  s,curb z.,-curctc n~c.aur~ia,nts. Thu r ~ l - t i v c .  
mcgnitudu of p-st az jo r  flcods cf ?,':ord i n  tb.o b.-.sin -ri coi~p:.r;d b~ 
mums of t h i i r  ?ick tiischcrgc ?sci to~:d. runoff w l ~ m d s  -.s sho:rn i i i  

T c b l ~  15. 







Tht; i:l&num flood of rbcord on thl; Gilc. Rivur is th- t  cf J&nu:,ry 
1916, which hzd .: pick of 20lj,000 s~cor?d-f,-t ni;:.r Yu!:., ~ r i z o n z .  T h ~ r v  
x w  no r ~ c o r d s  of strurx: flow -vt.ilL.blL on t h e  E<;ss.-.--a,.p; i ~ i v - r  during 
t h i s  flcod, Sut it i s  Sili\;vtud from ~ x m i ~ c t i o n  of dischr.r,p r;corts 
of other  G i l :  Rivw tr ibif tcr iLs cncl r-infz.11 rucords th2 t  t i i i ; .  d i sc f i : sg~  
n ~ c r  :.lorristc:rn p-obc.bly L X C G G ~ G ~  50,OLO s ico~d-feet .  

T-blz 15.  --?kxhm Disch..rg~s on I::.ssrymipc: 2ivdr :t 
Wdnut Grow t.nd :.t B~sx C,.n;ron Dcn s i t e .  1/ 

Y u z  PC r iod 

H-ssc,yc;~pr. Riv-r Hzssc;r~?..,c RivLr 
c t  : r ~ l m ~ t  Grovo z t  Box Cc.n:ron 

~~l:xi~lm T l t c l  E m -  M~yiavn Tot21 %un- 
i)isch:.rg~ r off  Voiun~ Disch..rgL off Vc Pmc. 
(LC.-fLLt)  <<crG-fi,t) (S,c.-fibt) ( A C ~ U  i t r t )  

13,000 
4,106 

13, h0G 22,20,l 
25,5CO 23,50') 
i*, 600 

27, i i ~  106,5(/1 : 
5,oi;o 
7,600 21,60' I 

30,000 26,100 
25,7Q~ 

U, ?GO 
22, CLO 45,3C'l> 

2a,70j 
37,tiOll 

5,&C 
10, GOC 

I;/ h u t ! ~ o r i t y  - !:. A. Zr.rish, ?riv:t,i. =nginiLr, rnd U. S. GLologic:..l 
S u r v ~ y ,  

~ s t i m z t ~ d  from g g~ hiieht. 



Poten t i c1  Floods 

G=ner,-J 

The f r e q u ~ n c y  m d  r:&gnitudu of pot+nti-1 f loods  i n  thr: Hr:ssz.yc;l:x 
Rivvr %:sin hc.s b c ~ n  dut-rriinvd f o r  usd i n  s p i l l ~ * r q  jrtisip, cnd f o r  
m.king ~stini?.ttes of  p o t c n t i ~ l  f lood d a c g - s  ~ n d  benuf i t s  of f lood con- 
t r o l .  Tkd s p i l l ~ r c y  &sign f lood,  which i s  a l s o  c d l ~ d  :. n ~ i m  prob- 
~ b l ~  flood, i s  d e f i n ~ d  2.s t h e  f lood comput~d by m ~ c n s  of  thb  r o r u c ~ s t  
worst storm, thu  highest  runoff f x t o r s ,  L .  thu worst >reducing 
combinztions f o r  t'nr dr-incgu cr~cl i n  q u ~ s i i o n .  The c h ~ r ~ c t ~ r i s t i c s  

.mad f ~ r . t t u r ~ s  of  tkLs f lood urhgkh -re p ~ r t i n u n t  t o  thi; design of t h r  
s p i l l ~ r n y  h-v,: b u n  dbturmin~d by (I sF1th4sis bcssd on thc: ::v-il:.ble 
hydrologic infol-;.=tion. Thd t r ~ x s l - t i o i l  of storm rc . in f s l l  q u a t i t i u s  
i n t o  r w o f i  qu?.nllcitit;s hc.s b u d  c c c o - ~ ~ l i s : ~ ~ d  b;r c. mcthod incorporc,ting 
unit-gr-:.phs &/ ;;la s - p t h e t i c  g r q h s .  I n  c.ddition, t h ~ r r :  Irere p q r r ~ d  
f o r  co:ipcr:tivc: yu;unosus, c. froqudncy m - l g s i s  of p ~ z k  dischc.rg=s, 2nd 
e ~ v z l c p ~  c u r v ~ s  of 9c;z.k discil:.rg~s 2nd runoff volmnLs i n  thu  g u n ~ ~ - l  
r i g i o n  , 

Tli-rc :.re t h r e e  d i s t i n c t t y p ~ s  of storms th- t  occur i n  t h i  3 : ~ s ~ -  
y ~ x p 2  : i ivLr  Bcsin; n r  r ,  loc: . l  surakr,  1 1 s m m r  
s t o m ~ s .  Storm s tcd i - s  in*ic;.tu thrf. c ~;~-ximum prob::bl+ f lood :.t Xi3x 
Cayon D:;a s i t u  r r i l l  be czusicl by ... ~ o n ~ r ? . l  swwer s t o m ,  This t j p e  
of s t o  T.I, t .~hici~ i s  i n f r u q u ~ n t  i n  o c t u r r ~ n c ~ ,  vsu- l ly  r+?ro:lchus f ~ o m  
t h e  su1th;rost cnd i s  of tropicr:l orl.gin. 

Unit G -cph Ant l ~ r s i s  

*J.],thod of runoff  c o l l ~ c t i o n ,  7 h o e  ?rb no runoff d..t:. s u i t c l  l r ;  
f o r  t i 2  coi-cblishiA,+nt of r z i n f z l l - n n o f f  rcl:tionshins o r  f o r  th -  
d e t e m i n z t i o n  of unit-gre?hs f o r  thr: d rc in -gv  ?-re :.bovr: Eox Cayr 'n  
D?iu sit,t-. Th,ruforv, i n  d ~ r i v i n g  thu  spill^.^?...; design flood hydrot,r-.?h 
ct Eex C-nyoa 3 2 ~  s i t e ,  thc: s:,nthetj c u n i t - g r ~ p h  m-thod of rui?off col, .-, 
l e c t i c n  uas use?. ! 

D~v~- lopr ! i~n t  o; t b . ~  s!mt:lLtic dr.s?ribut.?on zrLu& In t h c  d ~ t ,  miin;.- - - 
t i o n  of  thv- s ) n t h ~ t i c  d i s t r i b u t i o n  ;.rz?b. z t  t h ~  d a i  sit*, it, i s  2: s u e d  
t h c t  rdnoff chc.r:.ct,ristics l o r  v:ri.ous dr:.in.sUs i n  -. zivbn r ~ g i c n  1 
:Ire s u f ~ i c i ~ n t l : .  sii.kl..r th-'t, i f  t h e  chL. r~ .c tu r i s t i c s  f o r  on* dr:.?n-:gs: 
cr6 knotm, tiios, f o r  ;.not!i~r c:.n be ~ v - l u c t ~ d  throiigh so% nudiun of I 
t rznspostion.  Thc i n ~ d i ~ r i  of trr..ns?cisition usdd i s  "leg t i m c ; I t .  L:.g t 5 n u  
f o r  :a c r c c  is  c i - f ind  r.s t h i  el:ps<;d tinG ( i n  hours) from t !?~  ciri tur  
of uEit c ;c lss  rciili 'cll t o  t h e  inst : .nt  t h ~ t  5G p ~ r c ~ n t  of tht. u r d  run- 
off  v o l m e  hcs ? , ? ss~d  thc: c o l l ~ c t i o ~ ,  !;oint. Thb l r g  tin,: f o r  dr?5.nc~,v 
zrc:zs wi th  h o l m  runcff ch?.r..ct,risi,ich :.r~ c o r r L . t ~ d  wi th  t h o  pliysic?l 

n h , :  unit-grc.ph f o r  rn crda  i s  31 t i x p r L s ~ i o n  of thu ti& S i s t r l b u t i o n  
of runoff r d u l t i n g  from u n i t  -.uccsu r ~ i n f ~ . l l .  Unit. LXCLSS rr.inf 11 i s  
r 5 n f - 1 1  of  u n i t  durr.tion which i s  i n ' x c V s s  of th2.t l o s t  by infi1t.rl.t- 
ion, ~ v ~ ~ ~ ~ o r : . t i o n ,  trcns:>ir;tion, cbsorption cad d ~ t - n t i o n ,  znd which 
thus  b~corn,s surfcc* runoff.  



features  and dimensions of the  respective drainages and with t he  t h e  -. - 
dis t r ibu t ion  of i ~ ~ n o f f .  These t?;o relat ionships  a r e  termed, respectiv- 
ely, Ifla; curve" and flS-~ra..hl'. c A, tiitin t h e  use of t he  l a g  c - r v e  a ~ d  
S-graph a synthetic &is t r ibu t ion  grtph f o r  t h e  d r a i n a ~ e  area above t h e  
proposed Sox Cmj-on Gzmuras Ceveloped. 

&aa curve. Unit-gra2b.s Irere deterizined f o r  14 dr&in&ye arass  
located i n  socthern California and western r~rizona. For each o i  zk.e 
drsinage areas  a l a g  tiii.e vras detemined. I.~easuremer.t of these lags  
demenstrates t ha t  l a g s  f o r  these a reas  could read i l :~  be expressed by 
t h e  empirical fomula ;  

'i 
# 

L x L  Lag [in ~hours)= Ct ( C Z ) ~  
( si 1 

Ct and nr = constants (see beiowj. 

U.X ~ e s  . L = length of longest watercourse, i n  - "  
- Lea - length along longest watercourse, 

measxred u p s t r e w  t o  a point opposite ' 
cent€ r of area, i n  n l les .  

S = over-a: 1 d o l e  o i  drainage bet7:een t le 
he5d.r-a- e r  and the  collection ~ o i n t ,  in 
f e e t  pc r i:Lle. 

Pn drairing Yo. 3Ii-11-L2 i s  s h o ~ n  t h e  Zerivation of this eciua;ion I 
L 

acco;x:,lished b:r 2 lo t t i ag  t o  logar i t l r i ic  scale, observed l a g  th . e  versus 
L x L,,; t h e  p lo t ted  points  suggest a s t r a i ~ h t  l i c e  whose s l o ~ e ,  n i s  

7 0.58 azzd uhose i n t e r c e ~ t  C{, i s  1.16. 

a )in S-~ra?h expresses the  d i s t r ibu t ion  of accw;lulatsd 
obsegied runoff ( in  percent of tots:_ runoff volme)  a s  a funct,ion of 
t h e  1 , ~ g  t i ne , '  The S-graph f o r  an 6.-ea i s  derived from i t s  s u n ~ ~ a t i o n  
graph5 by converting the sca le  of t':e abscissa f r m  &solute t i m c  t o  
t i n e  :.n percent of l ag  t i ne .  The s-x.wation graph 2or an arsa  i s  3. 

graph of accuii.ulative runoff v01.&7:e z t  t he  aoint  of concentratior 
resul;ing from continuous gsneratio:: of excess r a i n f a l l  over t he  drain- 
age a:ea. The S-graph on dral.,ring 1h. 3H-11-r.4 i s  based u?on a xit- 
graph analysis  Q? t he  F e b r ~ a r y  1937 flood on t,he B i l l  i i i l i i a i ~ s  Liver 
above Planet, arizona, (see drav6ng Kc. 3H-11-LA). This S-graph was 
assm-d t o  be s a t i s f a c t o r i l y  repressntative of t he  ax7era;te character- 
i s t i c  t ime-distribution of runcff f,>r t h i s  general region and ts be 
su i tab le  f o r  use i n  tlie adjacent Ha;ss.:,r&~pa River 3asin f o r  cirlin- 
age area vhere t h e  bdsic runoff data do not e x i s t ,  : , i th  t h e  use of 
this 3-gra?h the  percentages of t o t i l  volui?ie of runoff which represent 
a synthetic d i s t r i bu t ion  y a p h  were derived for  t he  drainage area 
above the  pro:mssd ??ax Car,pn iL)&x~. These d i s t r ibu t ion  percentagps 'ire 
t.a.bulated on Table 16. 











Table 16. - Synthetic d i s t r ibu t ion  - zraph pe rcen t~ges  f o r  
drainase drea above 30x Caninn Ilxn s i t o .  

T h e  Interval  
(Hours) 

Percent 
of Total  Volvi.~e 

of iiunoff 

I.i-&ur_ -- urgbaS1e s t ~ ~ ~ ,  To dats,  there  have bee;! no naxi~lun 
possible  r c in  sto17as ,sirelop6 by t h z  ! r a t h e r  %urea~ f o r  the Hasssymnpa 
River k s i n .  So-fever, t he  % ~ u r o r e t r l o i c l  Section of t h e  .ieat iis-r 
Bureau r.aGe a prelirdnarji  e s t i z a t e  i., 19i5 fo? the Coqs  of E n ~ i r r ~ e r s ,  
U. S. .tw, o: t3.e r . l & ~ l  :>ossihle 7recipiLirtion i n  the  S i l l  ,:illi&!s 
River 3asin, ,>rizona. This ectir-ate ims '&sod u?on the tranpoxition 
of a mz*L~ur; ioss ib le  r a in  storn, derived by t h e  H$ro~~e teo ro lo~ ica l  
Section, l o r  t h e  ?ecos Liver Lasir., Lietu- !!exico, t o  t he  B i l l  ';:illiams 
River &sin. Since t h z  s t o m  ?o ten t i a l i t i e s  of the  B i l l  Willims :Liver 



Basin, with res?ect t o  ex.msure amd source of mois0ure a r e  s i ~ i l a r  t o  
those of t he  Hassa:?arc:~a River aasin,  it is believed tha t  by trans?osing 
t h e  Pecos storm t o  t he  upper Eassayaapa River Basin, using t h e  sac 
method of delqoint and averaze inflow ba r r i e r  a l t i t u d e  difference idjust-  
ments er.ployed bg t h e  Hydror~eteorological Section, a f a i r  esti!!a+e of 
a rnaxhuin 2robable rkin &or;; would be derived. The average inflc-; 
barr ier  f o r  both-the Pecos and t h e  ugper Hassayar.rpa River E x i n s  =:e 
found t o  be a t  an elevation of !+,GOO feet .  The rn~cimuxi surfhcn dsrr- 
point f o r  t he  Fecos E v e r  Zasin iias determined t o  be 7rj0 F. (10G0 
mi l l ibars )  . The xaa5num surf acederpoint f o r  t he  upper Hbssa:rti.lp a A s i n  
was estimated t o  be 74O F. (1000 r i l l i b a r s ) .  The design s t o n  being 
an exact f i t  i n  r e l a t i on  t o  t he  or ienrzt ion over t h e  drainage arda 
i s  an e:ctrw:e r a r i t y  & ~ d  i s  beiieved t o  be inprobable. hn es t inatad 
ad3strrent f a c t o r  of 85 percent was used t o  eccount f o r t b i s  mis f i t .  
I n  transposing t h e  ?&+3:un possible :*sin storm froin t h e  Pecos t o  t he  
upper Hassayapa River &sin wi5h t h e  use of 6.--oint and averaFe 
inflow ba r r i e r  a i t i t ~ d e  difference aljustne,l ts  and also the  esti=lz;ed 
adjustment  actor of 55 percent, a' r :duct ion f a c t o r  of 60.4 percem, 

i 
was derived. The resul t ing a~ea-de? ,h (6, 12, 16, 24 ~ n d  36 Pour 
durdtic n j and c' e?th-durQtion curlres of t h e  r .~ra~.m ~ r o b b b i e  rair, 
storm f o r  t h e  up?sr Eassz:-&v+a ;iiver 385i9 a r c  shovrn on draxing Ao 3. 

YE-11-46 and 3H-ll-47. 

I 
Rs.inf~1.l intensit7.r p z t . t t z z  1. mit-tir,~e of one nour (z?:>ro::- - 

imctel: ; ol' t:he l a %  t h e j  v . ~ s  salec  ; e l  2s the smallest time i n t e r  ral " 7~ d 

f o r  wiiA ch dz ta  on r l i n f a l l  i n t e n s i f i  5 s  1~rocld be req.~ired i n  6.evelo ling -.. t he  na i m u x  prob?.ble storx.  i.1th t h ?  us5 of the  depth-durztio:1 cu ?ve 
of t h e  naxinml yobab lc  r c in  s tom on a ra i ing  NO. 3H-11-47, t he  i!?- 
crmenl ?nountits of r a i n f a l l  f o r  esck. sl.~cceading unit-t ine perioci w?re 
dete17r":ncd. 8;r using t h e  s>wthetlc iistri 'oution graph develop?d i I 
t h e  p?.?agral:h en t i t l ed  "S-grayh" as  3 guide, t.hzse unit-+&no rain- 
f a l l s  Tiere arrml?-;zd in to  a c r i t i c z l  ?a t te rn  .;!?ick :"nuid givo a r.a- . 
imua r::tte of runoff ;t Box Czi- yon De; s i t e .  The design r z i n f z l l  
patter11 i s  t,<ou.lated i n  coiw,n (3) or" Tebie 17 znd shorm on drawin2 
lto . 3H.-11-L6. 

P.:eci~itat , ion ro t  enticn r z t  es, The !-crdrologic records i o r  t l  - 
draina,:e arc2 above aox Canyon 3r;n s i t e  ;re ineuequzte t o  pern i t  a 
study of prec ip i tc t ion  ~ . ~ t a r . t i o n  r a t e s  which could be used as  a bzs i s  
t o  deterr,;ine groluld c o n d i t i ~ n s  :!>at %re co~ducive  t,o r.i&i:E1 runoff 
i n  t!;e dminzge, Hor;ever, zinii;~~v~n riitention r ' t e s  (r-tantion i.i',tl! 
the gnmnd szturst.jd) wcrc estineted through a gendrd  S ~ L ~ J  of tF.2 
surfzc. s o i l s  :.nd a conpe.ris~n of t r e s e  s c i l s  with t k s c  i n  m zd;:..cent 
drsinzse a r m  f o r  which rt5tention r&es h ~ v e  bezn d t t i x i in id .  I n  t h r  
B i l l  !i.illiems ?:ivc;r Basin, e unit-graph cszl:isis of t he  Febmrrj- 1937 
s torx  indic?.t.td m zvarzgt: rzt.ent.ior. r ; . t~  of 0.29 inches 1-r k.our 
during the 3-hour p j r ioc  irhen t:-.e rein !<zs hecviast over the  c r ~ e .  
Bascd q o n  t h e  re tent ion rz tus  ddcc;,r:intd by this ur,it,-graph m~l;-sis, 
it was e s t b ~ a t e d  t h a t  t he  r:inirfiu:r, rqtent ion r z t c  would be 0.27 inc l~es  
per  holr  f o r  :.tie Ezssz:izl:p; B;-sTn c b ~ v a  9ox Ccnj-on Dam s i t e .  
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Exp lan~ t ion  of i t ~ r d s  %n reg:.rd t o  T?.ble 17 not ~ x p l ~ i n c 6 .  i n  tcst: 

Cola (2). From Dr~wing 3H-11-47 

( 6 ) .  r i ~ y r ~ s i - n t , s  t he  r u l t i p l i c ~ t i o n  a d  ;ccur~1~l;.t.ian 
of T?.bl~; 1 6  >Lt'n c o l ~ m .  (5; 

(7). Coi,x;n !6$ x L22 x 645. 



Base flnti. - As coilsidered i n  this study, bade flow i n  t h e  s t r e a s  - during floods consisted of water ru.nich percolat.es into  t h e  grouiid 
dwtng  t h e  storr?. flows bszezth the s ~ r f a c e  t o  t h e  streaiis, i n  &dd- 
i t i o n  t o  t h e  ground r .sterfio;v due t o  p r i ~ r  ra ins ,  Unit-iraph s tudies  
of t he  1957, lyL;O, and 1941 f laods iq l ica ted  a. a a x i ~ ~ w i  base flow o.f - auoroAmaiely A - 0,5 second-fee% per scuars ~ Z i e  f o r  tke  B i l l  i:illia:.s 
Fasin, By co..ia~ing t;?e geology a.& s o i l s  of t h e  E i l l  l , i l ? . ims  ard 
t h e  upper H a s s q - a p z  Basins,, i t  was e s t h a t e d  +,hat the  r:.dnim. bzse . 
flow t o  be em?ct,-d for  t he  drainage &bo.se t he  proposed Box Cs.n:~sri 
Dam ~ioulci be 1 cecond-foot per  square i u l e .  For the  duratior. of the  
s?illt:ay design flood, base flow was assunled t o  be a t  a rr?:x&iun at. t h e  
beginning of s u r f ~ c e  runoff apd t o  rem'in constailt u n t i l  t he  end ojl 
surf ace run3 f f . I 

S.~o,wfall, :,t i:alr.ut Grove (elev&tion* 3,469 f e e t  ), near t h e  --- 
center  of t h e  tribu.tdrg7 area, t he  a n ? ~ &  snowfall averrif:es onljr 1.23 
inches) and 2.t Prescot t  (el.zvation :,354), socie four r s l e s  north of 
basin ~vmda.ry, t he  a ~ u & l  average i 3  31.8 i ~ c h e s ,  dxcept on t h e  
higher peaks, t h e  sno:.if-.-lls Ere not severe o r  l&sti;ig, seldom reck.ining 
on the gromd ovs? a it-.r de;;s ;.t a t.ir:.a, and seldom ,cc-.v:,ul~ting t o  I 

depths of &?fire than 1 2  t o  1 5  inches. Snow-:lelt 1 ~ ~ s  not consiciereu m 
appreciable fi:ctor i n  tile q i l I ~ ~ , i a - r  C - s i 3  flood. ii ior-.e flood ~ o ~ i l d  
be.  cac sed by rwof: ori<inat.i::g f ro r  both reinfc.11 ~ n l  snovi-mlt 
during t h e  rlonCYhs of F?];IVETY throu..:) hg r i l ,  but 2. flood of the  rr?t:.g- 
n i t u d ~  of the  si:ill~,.:+- 5 e s i z ~  flood. would r e su l t  f r o 2  r l i n f c l l  i n  

1 
t h e  sym-sr r~ in : r  sezsnn ( Ju i r  t o  Cct-l;er; oi-, b z e ,  s,t.urctsd gro'Jic! 
long ;fti;r t he  s:.n$r i" t h e  Erzi!lnge &re2 has ~ i l  r.elted 2nd drtii1:d off .  

! : ~ i l l k r a ~  e,esizn f loo j .  i ; i i ,h  t'; a use o l  t h e  yr>dausl~r  5eriv:d - - - - - - 
d e s i g  ra inf ; l l  pa~ ' tzrn,  n:i;&~&~ fei e r t i on  ra t  es, s:-i!t:?etic d l s t r - h -  
t i o n  ; rEph and I;.:E.~::~..u?~ base _':.oa:, e s~ill. . . iay design flood h;ycirogr-ph 
~ ' n i o h  h a s  a pe&- t ischzrge of 153:G(.3 s,cond-feet krzs d c i v t d  f o r  t h e  
Box Crnyo~ Drm s i t e  :s sha;,m on Zr;:.ing Fo, 33-ll-L;.L?, The c3::.yutotions 
ore  si.oi.m on TzLie 17,  fi s-.man-ry 0:: hydrology of this desigx f lo?d  
i s  given on i r e l i n g  X C .  ?H-2-46. I 
Freoui nc:r i;nd.-rsis (Xzzen -.-w -. 

. . I ' robcbi l i t?~ -- s tudies  of psr.k ci:':cb?rce, -.A&- Due t o  t ke  p-uc iks  cf run- 
off.ri;corcis i n  t h s  m:;zr - - F.~ssc;rc?1~i i.ivi;y 9;.sin, 3 d i r l c t  p r ~ b c b i l i t y  
study of ~ z 2 l r  riisc:?zrgss a t  tho Bcx Czn:,mn Dcin s i t e  could not be %...cia. 
Howe-?~:r, 7;:ith tlio cse  of the  ii:.zzn !'rcb,bility i:~;tk.ad, :n i n i r c c t  
~nr*sis kits c x e .  Coi-fficlin. s of sksti v ~ r i , . t i o n  7 ~ ~ r . 2  ;et,:roincd 
f o r  LL dr:.inc@s, r+.lch h;v~ flood :listoi-i,.s of 12  consccut iv~  :.T-;rs 
o r  core rnd c.rc 10cz:::~d. i n  ti,;. E i l l  ... illl--:s ;nd G i l ;  d iv-r  %~.sir.s. . 
The B:i.ll i i i1lix.s 2nd ti?$; ~ G i l r  k ivLr  %.sins zri; cor.sic!~rcii t o  f o x  c 
g e n c r 3  rrigion th2.t rt.,r.s siiidl::~ s.tc:r:i chr.r:,.ct-~ristics. Thu  coef i i c i ~ n t s  
of sl<;k~ c.nd vcri:.tion ;;re corre1s.t ;;i xi?, ; . : ~ i ~ h e i  i- c d i r  t h r t  . - i l  

;vcr&;e sksir zci v ~ r i r t i o ~  C C Z ~  f i - i ~ i l t  c o ~ 1 2  br; <Lr;ten;.indd f a r  t k i s  
gener-1 region, Thc :.v;rc.gi; cot-fl'ici-nt of s:i~?r v~_ric+,ion d..rivbd 
ware 1.70 :;:d 2.90 r ~ s ~ - c t i ~ i ~ l : r ,  :i)r :..~;ns of thu F.;s,n lG~t:?od ud 
thc; use of t1.c :.Save-1.i-ntianij c o - f i i c i ~ n t s ,  :: pro'o:bilit:; curv; of 





of peck dischzrgss z t  Pox Ceclnyon Dm s i t e  ;ccs d e t a z i n c d  c s  sho?m on 
drzbri.ric8 $To. 3X-ll-G9. Prob~bli!  pu:k d;sch;rges ~t Eox,Canyon Dm 
versus v - r iwa  friquuncies, cs  indic~~t..t-d by this cwvc: zrc: tc.bul:.tcd 
zs follov?s: 

1,000 
10,000 (zssurui t o  r e p r ~ s ~ n t  2 

m&-nuni prob,bLb flood) 

, 
E3v.d.030 ciirvc of 36.k &iscn~ri l ;s ,  k l l  zv~ilc.blr. ~;ri'~iu~ut~ rur.o;ndcd - 

flood 5isch:~.rqos i n  s;-&n&-fu,t f o r  st.~*as lac.? .d i n  ti% B i l l  .;..11- 
lcms r?d Gi lc  3iv-r B2.sin.s $r~r,: p lo t fcd  -d.g"inst, t l ~ k i r  r ~ s l ~ c t i v ~  
drzinz i;e :.rots c.bove the  ~ c g i n g  st :.t ions. Drcwing No. 3E-U-5C sllows ' 
these ;ojats i n  t h e i r  rslr.t ,ive ~ o s i t i o n s  .-nd ?r? cl?vi;lopz CUTVU tI???ough 
thu n: YLTS~J disckr .gss .  C -scri l j t ior of t.hi: r ~ c o r a b d  aisch:.rg;S con- 
t r o l l j n g  o r  suppor-ting t h i s  cnvdopt c u r ~ ~  c.1 :~ given as foUo?rs: 

Sc2.t iliv-r c.t G ~ - l z n i t ~  3-,f. Arizona (poict  39 1 :  ---___- --- __--- 
The Snl: 2i3-br i s  c u r t s t , . . ; d  flowing t r i b u i ~ r i  
on Chi. Gilt Rivi r 1~6 th  i t s  rr.outh loc.3i.d Zbo.1:. 

r. 12  m i l &  socth;;% st of Pk~o~aix,  brizonc. lhi 
de tax -Ln~ t ion  0: peck runoff wzs 5r-d- b-7 i slo~.; r' 

m~zsurer i~nts .  7 h i s  i;.c4~.uin dischcrge r&?ich 
r e s ~ l t k d  fron; nitilting snow 3;?d ;ctensivL r:.iz- 
f21 l  accurred oil Februzjr 24, 1891, a d  i s  5,- 
lioved t o  5r .v~ i:losaly 2pprozchi.d t he  mcxinm 
pro3eclble. 

9-lt Rj -ve r  belo?.: ?hoenix, iit-F20n:. ~ ~ 3 )  : 
Tho descri?.tion - :?i-rGn zbovk 21.~0 r.p:;lias h.r=, 
It i s  not ho;m w h c t h ~ r  t:?is "& disch:s.ge i s  
thi: r ~ s u l t  of c;:%ct ; r . y c s u r ~ ~ G n t s  o r  bzs-d on . . 
s l o p  x+csur,!;l~zt s , T h i s  :ncA:iu.~ disck:.rg.+ :;.:ucn 
rcwdt  ,d f Torn a d l i n g  snow 2nd -xtLnsivu r:.inf :.I1 
occurrsd i n  Febmsqr 1991, z ~ d  i s  5 r ; l i~vud  t o  
h2.w clos- lp  2.pro:chd the; ;nr;jr,rua probzblu.. 

of t h s  31u; R i v d  with i t s  mouth 3oer . t~d .-??lox- 
in:.tuly 10  ups t rbx ,  f rw.1 ;r : i~r~ tho Elu,, 
Iiiv-r a t ~ r s  t i&  Srn Frznciseo River. Thc. 
d,tcfniilztion of runoff wzs ia~d, by sLoge ndsur--  
ntt-nts. Th- flood m r k s  :.tt&tins t h i s  +nornus  







runoff crc unr.dstrki.blt 2nd 1 r i - r ~  v d i f i z d  by eye-, 
rdtncss,s 'of t h o  f lood t-ho t ; ~ r L  pr,s;nt ;:hril t h e y  
r e  d This  rx;di.~uc p - k  dischcrgi. occur r~6 .  

. in tho 9ci;obi;r 1916 flood, md i s  b , l i -v~ t i  t o  hL:vc? 
c l o s z l y  qqro,-.chud t h e  m-xiulun pro::~blr .  

K. P -  Cr~c:c ,?t.r.vilth, i~rizonr-  (point 74)  : lJ - 
K. P. Crwk i s  ,?.lso c s ~ u t h ~ ~ s t r r ~ r c l  fiowing t r i b u t -  - 
z r y  of t h e  Blue F t i v ~ r  wi th  i t s  mo'ilth 10cr . t~d  C.ppm:c- 
b2ti : ly 37 m i l u s  u p s t r ~ c m  from rrhirc +lie Sluti ~ r i v ~ r  
u n t ~ r s  t h e  Sm 3rc.ncisco Piivzr. It i s  not imoorrn 
vrh~th,r  tps peck dischcrgo i s  t h e  rbat l l t  of  a a c t  
~:;c&ren=dts o r  bcscd on s lope  roc,2surccu;lt.s; how- 
over it i s  pmbcblg  t h e  1ct t .a r .  This czc5rn~rn dis-  
chcrge occurrLd i n  t h c  0ct.ober 171.6 f lood :nd i s  
b e l i ~ v ~ d  t o  hc.vt; c1osi:ly zpprocch~d t h; nddiun 
prob:.bli. 

I 

Bccr Cre-k zt m r ~ L h ,  i i r j . z o ~ z  ( ~ o i n t  75): 1/ 
B x s  C r c ~ k  i a  z wistlri~rc5 fro:-rinq tributr.r:r of t h e  
upp;r G i l -  i3.i~~:- with i t  3 nloi~tn l o c ~ +  -6 nu-r ; l i f f ,  
Nuvr I.:L=~co. !;t thi: t i z c  of t h e  f lood, .  S<+tz?;>>?r 5, 
1&97, thi: < . r ~ i n . x a  -re- ~ 2 s  ?.bout 1 5  p ~ r c s n t  ..ir:~bi;rc;d 
prcctic:. . l ly d e ~ ~ i l i d  of  sod p r c t ~ c t i o n  cnd b;d-jr 

. ~ 

c i d i ; d .  r h e t h b -  this  p-zk i s  b~scrd on e ~ c t  ?+cords 
o r  on  slop^ n ~ r  m r ~ m ~ n t s  i s  not knol-n; hob?uv- ", it 
i s  ;sro'or.bbl.J t h e  l:.tt~r. This p u ~ k  t i i i s h c r p  -s thi: 
l ~ g h ~ s t  of r~c0 .d  i n  any !:.rt of t h v  G i l ? .  R i v z  
Bc.sin f o r  rr.y drr.in-ge 2 . r ; ;~  c o i ~ ~ ~ z r ~ b - b l ~  s i z ~ .  I 

It i s  b,li+vzd ;kt t h i s  f iood v ~ r y  c l o s ~ l y  :.i~roach- 
cd thr; ncddrinin .roS;.bli;. 

I I 

i 
?he m o f f  c ; l~r ;c t i ; r i s t ics  of ;he f o r ~ ~ o i n g  i r l in2g i ; s  x d  th ;  i: 

uppr H-ss-yziqpc. irzvur k s i n  zr? 'wrilev.2d t o  b~ coqcr:.blu. x s  tn; I 

r n c ~ ~ i m  disckxgi ;s  which cm~i t rb l  o r  surj2ort the cnvu1o;sv curve cr2 
bcstd ubon est ir~,- . tus,  t h e  d d g r ~ c  of ~ccur-c l r  ~f  t h d c  g o i n t s  i s  P2t 
t o o  'nigh. B2- cor.?~zring t.hise : o i n t s  1 5 t h  Crd-6;rs e n v u l o p ~  curve: of 
rn-1-11 ?u& dlschzrgcs  i.n t h ~  i i n i t ~ d  Stc.tes c.s of i 9 4 1  2nd tc.k5ng 
i n t o  considcrc t ion t;lu :ccurzc;r of P C L ~  disch'rgu d:.t2, r ; l r t . i v ~  
loc,-.t.tl.on, -nd ;l:v?.tion of thd ~bov--r:~ntion<cl d r : . i n ~ g ~ s ,  it i s  b:;- 
lic;vi-c! t h c t  :a c;?rvclopd cur-ic pclss,ci through -lkcst- c o n t r o l  points  2s 
shown on tir:.;ing ;'lo. 3N-11-50 v , ~ u l d  givu z n:;jnnv;l puzk discil:,.r,-c ;or - 1 
t h e  d~--inc=o ;ric ?bovc thi: p r o p o s ~ d  EJX: Ccr.jion Drn th-L1 rmuld cl%-PJ 
appro:.ch thu n:xinum probcbl, f lood.  This &nvUlopd curve indicr-tus I 

c nx:bwn f lood of 163,000 s ~ c s n d - f < + t  for. t h c  Lrr.in . g ~  rr-: af I 
622 square miles zbovi: th, Sox C:nvo~l Dm site. i 

j/ Gilc. 2 i v ~ r  Flood Control  by Frcnk I!, O h s t i - d ,  Ir:rcin 3, 1919, 
Sdnzt ,- Docur;.~nt 436. 

Znginouring f 3 r  Cans by Cri:-gcr, :=stin znd hinds, 1911.5 
Edition, Pcge 126. 

' .I.& 





. phvLlonu curvw of r w o f f  v o l u ~ ~  -11 s:ciL:.ble w-xim r + c o ~ d &  
m.ol':' y>~~r., :s i n  ac?c;-fii& rrjsult iry :ran sin@ storrzs l o r  s t r~~118 
l ~ c : . ~ . ~  in t!,,; B i l l  "illias :.ad eilc 3.v-;r %sins ; i l o t t ~ d  cg . ins t  

S z l t  R i v L r 2 t  Gr ,? r , i+ ,~  R L G ~ ,  krison? (ooint 21: : - 
Thu Sz l t  ,tivGr is  :. w~stw-rd f~orilllg frl'szt :ry - 
of ti:.< Ci);. 12ivd v:ith it 3 mouti: l o c ~ t b d  -'uWt 
1.2 n l i l ~ S  +uth;i;irst of P b o ~ r . ~ ,  .hrizcn:., XI* 
2oi;tt of C I ~ - . n v r c ~ ~ n t ,  Grz r l i l  t. R d f  2:?,1, i s  .. . locc t  +d just  bl.l ow r . : h ~ r ~  the Vdrdi :.lv+r + n t ~ r s  
tbd S,.lt ;tiv+r. T , l i s  n'*;.~m r - c o r u ~ d  ra.off  
w1.x.- irhic!l r,nxlt,u fro,,: w l t i n g  s n a ,  md 
~x te f i s ivc  r c i m E  31 ocmrrcd Luring the  10 dd::- 
2,rio.ad F~bzvc ry  17-26, 1631. This flood i s  
'oiX+v,d t o  r.qp 'oc.ch t h ~  1.1.xi1?iut, p r o b ~ b l ~ .  

H:-ssr.?;::2:1:x: ---,. Li7.x:. ct. ho:c C:-n:;~il, n r i z ~ : ~ :  (noi~;->& 
Tiii.3 2ofnt of @ ;..uOxLn,ct i s  bc:. t-d 9 tiia p:o- 
nosid Box C?.nyo. 1 221 s i t  ;. :?is rn~.&n~m r- to  -did 
m s f f  volu;tj r.r d c : ~  r ~ 3 u l t t 6  f.ro1-l m.ltin5 si.3 r 
cnC vxLenaiv; r . i n i -11  occurrid Cu?2r,$ th;i 3 . i 2 ~  
piirioc F~bru;rj- 1i-22, 192'7, It i s  b;ii-vv3 3 . t  
tk;e m o f f  volu-I; risu:ting frora c. 2 o , ~  3 d:;: prl: 
r2.ig flood o,ccu?ring i n  t h  l:.tv smz-,+r c ~ x  usck,l;d 
tkxis flood of r ;cord. 

I hc runa'f? ehr,r;.ct..ristic.% of ':hc S c l t  Ziiiver a d  thd :icss?.:7::.;.?:. 
t',ivLr dn:i.n~gos cru buli8-%-id t.o bv com~zr:hlu. It i s  :.lso bGi-.v-d 
t!~. .t ~r .vclopi  c u r v ~  p;.ssbd th rnu$~  t.?;ise c ~ n t r o l  points : s s!?c~l On 
cirr:,il: I;o. 3a-ll-5ti ::o~ild .- i v . 2  3 rnzfc!?~u?urc x ~ n o f f  volszu is? tbc; dr;lrin- - - ..., 2:'s~ i h o v ~  tbv p:.aa2sid Eo:c Cr..;;'oz firm +h:.l;.t iroiid ..pp?~:ch t k r  
rfir.:5~:1~! :,ro;;;,.b;c: flood. T:lis ccrvv k$iczt4s :. rn:.~k,luiZ ml- 
~f l v>I.IL.~L. of lC6,OOC : . c r ~ - f ~ , t  for C.hu drrincgd :-.rx. of l,22 scurra 
::ilcs :.SOVG t h ~  :>i-opos+ii 33:: Cmyon A;;: .sitr. 

Unit Cr?.p> hLlr.ly3is lqj,LitO 
ihv,lop, thrv< s L43, OOG 
k'r  _qu,ncy !:n?.lyl;Ss of i'~:k 

3 i DischzgLs  (!i. z tn  + ~ ~ t : - . o v ~  103, 000 



The unit-grzpb ?azlysis i s  an .x?.ct Getr;~.un:-.tion of fiood d i s t r i b u t i o n ,  
runoff  rct,s, ?.nd voLu; .s. T'IC - i~~. ; lo>i :  C U ~ V S  2nd frL.c;~;lr;r.cy c r r l y e i s  
of pu7.k Cisc:?.?.r,-., s r,'c c h ~ c k  o r  ?.pp:~:.a.r..,-.-',~ ;.bt:;ods of t l ~ ~  d ~ t  ~i"i_iii::- 

t i o n  of i i ~ : ~ . ~ . ~  :2robzbl~ 7,ck d i s c h ~ r g v s  x d  ninoff  v31~.1i;l.;s. Tho 
s>i114~rI;y d s i P  f o r  i5o::'Cc.n;an 3c.sin h.;s b . . ~ n  b;sc;d on t : ? ~  rn:&~m 
prob.hl.L: f lood hj-d.ro~r;,~>h c:,rivi.d bgtLlr u n i t  zr..ph c n - l y s i s  -i:d . . 
s:.iown on dr:.;!ing 2.0. 53-11-42. I n  nckirig t h o  e ? i l l a i ~ ~ r  desigrl rou t ing  
s t u d i ~ s ,  t h c  i . i s ~ r v o L r  :lzs b&n consid;rGd f u l l  to' consLrv:ltion s torcge  
levdl 2s t h ~  design f lood i s  ~p'~3i-o;ching. 

Tlio t,ovm of 1Bckc;iourg, r*<til c ;opul"ion of >bout 1,C00, i s  
1ocr.ta.l jus t  ( S b l o ~  t h i  jmctiorr. of Sols  i..r.s!~ ;nd t h i  A-ssc.>i>firl):. iiT.v~r. 
In th . , s  of ~ f i r i m ~  floor2 p-rt of torrn would bc  d.x;c.g~d, r.s u : ~ ~ l d  
tour i s?  cour ts  :nd o?,hc;r dtivGlop2tir;ts oil tiic: out,skirts,  including t b . ~  
sc\.r;g~ ciispos:.l pll;.nt. i, 5rr.x~:; of t b . ~  i.tc:.lison, To><kr: -:rid ;cl:il* r 1.'~ 

I 

- - 
2 . z i l r o ~ d  bvtrrcLn Pb.otinix cna YOS i.ni:dis cnt ~ r s  t::c f lopd :il?.ir !r.;cr 
Piorrisro-m., crocs,s t h o  1!:.ss:.y;rip2 r:i.vi;r on 2 s tsul  tr~lbs bridge, :.nd 
follosrs :..lonz tp.2 w ~ s t  ~ 5 . 6 ~  of the r i v i r  f o r  ?. dist:.ncu cf t;i?tt ?.?l,?S 
t o  l i i c  ~2nbg . r~ .  T ~ G  to2  of thl: r c i l l - o r d  f i l l  i n  .rimy ? l r . c ~ s  'u. ..t:i~s,:l 

Iiorris>o;m bridge. :-.nl i;icl.;ntxirg i s  i n  o r  ilL:.:.r t h ~  strG:nl chznrLil 
2nd su ~ j . , c t  t o  f lood ci:;-1'.g2, d::trc:~u f locds  w a l d  2130 d:Z.cg~: t i!  9 

bridge rpproccll r,nd inc;:$.~tc th rdo  i:ilc:s of tr:.c:~:~ 1 
U ? i t ~ d  S t z t e s  F4ighvic.y iio, 60 i:rtor.~?s <.long t l i -  --st s i d ~  01 thr 

r ik r  ~bovi .  liorristo+.n, crossirig tt ::Fc;;i::':xrg, Severe f loods  v~crc;ld 
i n d z n ~ j r  por t ions  of i:k i-ig:->-rr;r cr,:'; t!?~ bridg-. 

Ectwoca i.;ickr.nburg 7 . ~ ~ 3  i , iorrist;irn~ t.l;~:-~ 2'1; A-t t:.m hmc1r.d 
ccrc.3 of j ~ r r z g z t ~ d  f2.l~; ~j.su=il;r s,rv.i b;; s r ~ c l i  ~.-.s~ii!i;-?c~-:vr~d 
pwlpir g p lzn t  s i n  <tir f lood plr.i?l. n - c;-c.v-i ~ 1 r : i t  i s  locr.tt,.i 02 tild 

bcnk cf t h i  ri7i-r ;botit f i v i  T : & ~ ~ s  3ilo!.i : i i ~ k c ! ? b ~ ~ g .  IIc-zr i i s  ~~~i'ili, . - .  
t h o  r i v G r  i s  c,-ossc--d b- t,k.,; r.. .;n i l ~ e ,  o i  t hi; ;j~?~t,!:irn r 'r .cific I~2 .51-  .. , 
r o d  a d  S t  , r  o dC, m c i  lst,~rr_ls  fro:^ tl:i  : 30os~v- i t  :.,nd 
~ r l i n g t o : ~  C,~qc.ls. ,.bout ZrCLO zc:;s of i r r - l g z t ~ d  l x d s  : . r~ -Is0 
locr.t..d nc-r th,. s:r,:n! ch-r.nvl. t L l l  th'-sG i:~prov~:.lbnts 21% ~ L ~ . ? J : . G C ~  

t o  f l cod  d.xficgi:. 

Thu Cor;:s of Xn;in--rs i).::lu r. EiGld inycst,i??.tion t o  ciL.trrir;'.:!~ 
p x t  C I : ~ ? . , - ~ ~  co~t.s& b :  floo$s o r i ~ i ; l - . t i ; ? ~  r.bcvu 30:: Czn::on D:i1 31.t~. 
Th;ir i~vbsti,r:.tioil, SIJO - . -.lGi..-qtu6 ky ti=+:, ~ ~ ~ . k i u t ? ~ d  b;: loc::.l kL?,~i"~3+ S, 
rcs2iLtud i n  cr r~r-.lv:.ti~ii 0;' Q-rt of t h ~  f lood d:-r.-:zcs :rhich '?;.:?u 

occurred ir ,  t.!-2 ;.:-UL ux-iGr ~ o n s i r l ~ ~ ~ t i 0 1 1 .  (r!lGse <.:-.::.gc3 ::ri; liaYLd 
i n  TzblL 1.5. i^ollo?,5ng; T;blL i e  r. =.st, of :dditionr.l rGcord~: l  
dxi::.g.c:s f o r  ::hick no no!l,.t :.l-;i t,vnlur.? ion  co:.!l:l ' 3 ~  !o. .be, 



T c b l ~  13.- Sum~icry o f  evzlu:-.t~d f lood I?..,,-.gvs i n  
E:-ss~.)~::LI~~ b:.sin, bt low BOX Ccqron D x  
 sit^. 

L s t r o y L d  ic1-8~ p u ~ y i n s  st;.tion, 
c o n c r ~ t e  i r r i g :  t i o n  d i tchrs ,  L.ore 
th-n 53 : c r t s  bf ~ ~ r i c i l l t u 1 . -  1 :md, 
u n d ~ r g r o ~ % l  !>Fpe l i n ~ s  :x.d fats 

0 -stroy-d ?u.li~;ini; s t  :.tion cad 
r i v e r  jktti.,s 

I 
9,:xi:~~d ro+s =~:.r :J Lc!:*~b~rg 

- !vr.sh-d , ou t  both :??r~:.chi;s $3 Su l s  
!;r.cb Eigh~;;;~.;? 3ricigc. ,lort !: of .,;i.cktin- 
burg, cos t  t o  incr~:.;.- bridge ld:-.gth 
b:r 2 sp:ns 

?r-sh.d . -  . L  oc t  k.igl-::f?.:r ill1 2.1-d r i v e r  
j e t t i G s  5 d l . - s  30ut':: 05  ::ic!k.n- 
berg 

i!:.sh~d ont  hF&~~rc.y Ti .11  5 r i i ~ s  s o t h  
of !;icI:-cbcrg 

4, ti, c333 



Flood c?:ii~--.ges f o r  which ;lo v > l ~ ~ s  ccrlld bo obtzinbd -ru l i s t e d  
below: 

Yozr - . 
1917 

DostroyLd coneretb trcll, i r A g  t i o n  
d i t c h e s  i * ~ d  scoured i+cp e i ~ l ~ 1 1 . 1  I 
n d r  ;wrriat.o~m. 

T1csh.d out %,.bout on- z k l c  of 
S a t 2  Fb_ tr-e!<s n,-r r : o ~ t h  of 
S o l s  . :.?:I* 

: ,Gc.encd ;,, =3 out 1-r,re ~ n ~ j . m ,  hc:.st :.nd 
dirric:c :.t i:ori-istova to@ ? ~ r  . . 
+ d t h  concrcte irr i .~";C,ion 3;. c!ics, 
r o ~ d 3 ~  funcis, v.:.iu:.blv t;-L.S : nd 
:.>out 30 x r i s  of pc.8tur~ 1 z d s .  

S ~ s t n ; . c t i o n  of 1 5  :.cr,s of ti.11-blu 
l - n d  :.?id c:?~ sil\~ of f ~ n c u  I 

i.'csh-d out l l , O G O  f cu t  .2f r r i l r o l d  
ms. drm.fL6 6 o r  7 ot2-1-r ::cLnts, 
v!:.s!iLd 0u.i c Z ~ n 2 i v v  r i ? r i ;  pro- 
t ~ c t i o n  c.~.u c-?z."ud ii r ; . i 1 ~ 3 3 2  
b r i d ~ ~ s  ir. v i c i n i t y  of  : .L~l:~n5urg.  



P o t e n t i d  Flood Dm-qcs - 
The Corps of r l r i s i n ~ ~ r s  c lso n,-.de ir f i d d  ix - i ? : . t i on  of;tkia Iicss::- 

y~;ip~ Riwr bctrresn Eox,Ccnpon D , m  sit2 ccd it.s ?unction i.r;th t he  G i l ~  - 
E v e r  t o  &tcn.dn, tho C . r i i c  tti2.t .tUu'~.1.1 kt. floodcd, t h e  v ? h i  of ii:!~:'ov~~- 
ncnts rrithin .:he f loo6 9?.cin, ; n d  t : lu  mount b f  dm.ge %;I-t r.ro~116 3cci.r 
vdth lcrzi- floods, To ?.id <;tLmining thw f l o o d ~ d  r s a ,  21 tr..ils- 
varso sse t ions  lrurc: sur?r~y~;ti 3t critic?.l i n t o r x i s  clont: t!:- ri-f,-r 1 
chmnul ?ad stc.p-dischc;rga mr~ds  prc:x.rdd f o r  i-ch, It r c s  fot~lid I 
th?.t tho 2 . r ~ ~ .  of rivm c h c i i ~ e i  Tic.$ 4,1120 ccrus f o r  c.ll f loaas  ccn- 
sidcred ?nd tk:t the gross :.ws f1oocLd vcried :s tcbul-:.tr.d :xlorr: 

1 

76, GOO 16,100 
60,000 15,730 
l+i ,L 'GO 15,200 
2C,OCO 13,500 

'Ike esti-e.tGd a:m-;.~s v i t h  t:;~3c floods cru sf.or!n i n  T:.blti 17.  

T'sing t k e  :2robebil.it:- ccrve of 2ed: ddsc;ltrges ct, tt.s Eox C~ryon 
Dm s: . t e  a s  prev'-o~sIy aerived %n t :e ?a-agrqk  eir t i t le5 "Prc>abi Li?y 
st~Cl.5.:~ sf >e.-:; dlscharces" as 6. besis,  ; +zbiGaiatian, s::or.rri 8s fcllows, 
was ~: .e?ared  t;:2t i -ges  re lected fi.zoa dlschar:.es ver r l s  >robablc n u -  
ber 0:: occurxences i :~ cne ir-ndred ~ s a r s .  

D i s c ' l r ~ e  a t  . 
3ox Cnc-ar: I J Z ~  S i t e  - 

(S:co;ld-i'est) 

6E.49 
3 t  .TI 
12.50 
L.17 
1.51 

.57 

.24 

.11 
-66 

. ~ c j ; ~ ~ u m  Probable 



Table 19. - Prob tblc flood dru..a:es 
licassaya~i~~,~a iilver A-sin. 

-.----- -.."-...."-.. a ---., -~*..-? " - _  _ _ _ - - i - - _ -  

Tyle of Uki:~u.[;e : Value : 7&,000 c .f. s. : 60 000 c . f .  s .  : 0 0  c .  3 : .?O,OOG c .f .s. __- -. ._ .- - - ---, -- - 
: Direct :Indii"cct: , A - e ~ t  :Indirect:  Direct :i;lJirect: d i r e c t  :Indirect -.--- --- 

3 f 

Ro::ident,inl :$ 35,000 :$ 26,000 :., 9,000 :;i 17,000 :$ 6,000 :$ 10,OOL :$ 3,500 :$ 5 , W  :$ 2 , W  
Business : 10,OCO : 5,000 : 2,SW . . &,COO : 1,400 : 2, 500 : 360 : 1,000 s. L+W 
1ndusl1'itxl - 

Gi-ilval i'1t:nt : 5,CW : 3,000 : 1,000 : 2,OC;O : 700 : 1,000 : 40C : 0 :  0 .  
i k b l i c  0 :  0 :  0 :  0 :  0 :  .~ -4 0 : 0 :  0 

-1 
Flood Control 500 : -0  : 500 : 0 :  ~0 : 0 :  - 0 : 

- 
0 

i-g;-ic1;ltul-a:!, - . . 
L..i id-erosion : : L: 5CO : 0 :  2.600: 0 :  l . , ?M:  0 :  30.3 : 0 
Rclevclin,g : l,8, t10C : 0 : 35,000 : 0 : 15,OQO : 0 : .  3 ,500:  0 
U~lil;i:.~i;s : 5,000:  4,gLC;: 1,kGG: 3,Cj(A: 1 ,000:  2,000: 700.: 1 , O G O :  4% 
;,.t:cl  inc cry : ~ , U O U  : 2,000 : '(00 : 1 , b O O  : 500 : l,OrX! : 4rJO : 500 : , 200 
Crops : 15,000: 5 , O C V :  17,OOb: I , :  7 ,006:  2,500:: 1 , ; l c iO :  l+OC 
Li.vsstoc!r : 1,Lba : 2b0 : 0 :  U :  0 :  0 5iiG : 100 : 

Irrir;,tion ::arks : 1 6 , 5 0 ~  : 16,500 : 500 : 1 1 ,  : 200 : 51!O : 100 : 0 :  0 
IkL:t!wrn;rs C. lloccin : : 1 : 0 : 11,CCO : 27,CLO : 7,600 : 11,OLO : 1,OW : 2,060 

 id, : 1 7 3 , O G O  : 173,OCO : : C0,OOO : : 30,DOU : : . 5,GOG : < 

rlailroaclii : 27,000 : 15,000 : 11,.,000 : 5,000 : ?,OW : 2,WO : 3,tiGG : 500 
2r.iLzes : ~ O , C O O  : 25,000 : 0 :  0 :  0 : 

Ut~il.it.ics - 
jJlect1-LC iJob!er : : 2,000 I 1,OC~O : 0 : LOO : 506 : 200 : 0 :  0 
Serrer : 5,!.0G : 3,000 : StWO : 22000 : 1;000 : 5QQ :, 0 :  0 

Totcil.? +"O ,-M C. A n n  . -A  --- . ,,.-,IVY . ;l,,ii~~ . +/w,L_ww . ii2,3OO : C7,UGi) : 22,200 : 2i,5bG: 5,9W 
$466,300 - ,246,500 $108, OW -- $$a, 400 

flote: D a t a  sulplied by Los ;:ngolos D i s t r i c t ,  Corps of dngineers. Discharges represent peak flows a t  t h e  
Box Canyon 1)'~~1 s i t e .  



I 

Tbe floods i ron  t h e  various s g b - d r z i n ~ ~ e s  Irere cleten-Aped by t h e  
Corps of &,~ine:rs Sg su;,eringosi;lg J. r a in s tom over the  Hassa;ra!3::a 
P dasir. ecAuLw.lenL, t o  a :G,OGO ssco,ld-feet :,e;k discharce at. 30x d;;L;yon 

Sari s i t e ,  T>,e ?elk d:'.sci~~.rgr: of tkese derived floods are t z b u l ~ t e c !  - 
a s  fo1lo;ss: 

I 
Sub-drciiiane brea Peal: Discl?ar:?e --- 

(Square miles) (second-ZZCj i 
I 

Hassz.ya.;?a :.boxre Dox 
Caivpn D m  site, 

i 
422 

l;zx%inez Creek 121 
Sols  kiash 176 
San Doi~ngo dash 12k 
i ~ r g e  Vrasred :,ash $ 476 

Teak di:c!?ar:zes of 105,OOC second-fzet on tl-!e Xnss?.:v-?pa River be11.w 
301s ; A h  at :iickenburg ;r.d 9C,OO$ ssco:,d-feet a t  il:ou%h resu l t ing  :ram 
super2.1;.osii?g the  ~bo-JS-r:,enticneii si;cm ?ids Lerlved the Corps c:' 
%gineel,s by accrrc:il,tFng t h e  der ivd.  f loods for the  sub-dr;insges 
and msking dce z l l o ~ r ~ i i c e  f o r  c'nc1lilel 3t,or;ze zad t i y e  of t reve l .  "he 
me%? 2et.k e13chnrge i n  t he  flood d.cnge ;re& v~es :Jso cietel.rr.ii1~xl t t  be 
97,5G0 : econd-f cet  (d i rec t  ave-zEe of t he  pa;k flo!- belori :;5ckenb1~:.g 
and rmci h of r i ve r j .  

I.['- . I n t t h e  use 05 t k i s  CO:.;~S 01  2 i ~ i n ~ o r s  stuCl;r cs 2 bc.sis) t l?~ ?rob- 
cble flc ads ::rm~. tho v;.rious s :~b-dra i~z_os  i.ssoci;ted ~ i t , l ?  tl-.c 2re-p- '1 
ious ly  8:electcd f locd ?s?.i;s ct, Lo:: Cc?.yon DL s i i a  .:i?ci t.!ie resrlPti.g 
flood :3,.&.s on t:;;e iic:ss;.-rE,; " .  3.i17ei- 'r-lop; !ifckerbui-z ..nd r.t xout;: ,:ere 
est inatrd .  I n  Tc.ble 20 -re okoim t;:; szlectcd i;e:~L; r;t,es o< ciisc::. . rse 
f o r  zn i ~ n c o n t r o l l ~  flood (30:: C'n::?o: D c r l  not ' ~ u i l t )  ct ?ti- Box C:.i.lfon 
D L I  sit!:, c~t ic~? . td .  ->ocl: rc':es o; C , iach~. r~e  bi'lo:lr Sol$ .;i.s?~ d.t , .. r9lckenb.i:~~ .?x<. c t  t1.e ;:out> of t:; r i ~ i z r ,  ;a6 ",- .( i .- :.:c:n disc:izimys ii: 
t he  rre;: sv.b;~ct t o  flood d:;.ize. 2 ~ l o t t i r z  t:;,: nccn lisc:?,r:o :.n 
t h e  fled i . c ~ ~ g e  ; r a s  equiv;lsnt t o  ?0:-.4; dLschcr:2s of ,%,C;0(;, CC,OGO, 
bO,CCic) ;:id 'i;.,CCG s e c m ~ . - I ' e ~ t  ;t 30x i;:a:?oil D-I s i t e  Tarsus t he  rc:siiit, 
ing  t0i.A. f iood ?ci::z,cs :s ~ i m ; n  LC T:.bli 19 c. discl:cr:e-:'.;i~.:.-e 

.. i- 

curve (;;su dl.c?:ii:~g L O .  3;:-11-56) +r.s co;;j.tr~ct-d. ii?;ilicrt.io:~ of ...11c 
disch>.rr . . .e-c?.zx,;; - c~~l.iic; i3Cic..t .zs t';->it c. ':C, 000 skcon<.-f ;;t >id: .mi:on- 
t r o l l e d  f b o <  Y; Bgx Cci-ilron C . x  s i t e ,  cquivr.ir;nt t o  c. x,:m disch..ryo 
of 07 500 s;coi:d-f2;t 1n tilo dx1,-.-.e : ?a>, eror.li. r.;cult ir. ;loo:; d.i:cges ' ?, - 
of jilbc,300. T-:e .::oullts of d:m:.gcs th:.t oocc-lr ..:it!? th, s ~ - c l f i e d  
floods n r e  Cztimir.  ..$ i n  t h i s  rr,;ix?-r ...I d trbulittid in 2i, 

iiv-1'3,qG C~T 'C? .~  d:';:.:.q2 f r~ ! :~  cnco~+rollcCi floocs. Usin.;, T:.blc : 2 0  
2.S ?. k.:iis, ?I?" to t i .1  i laod L::lr.gcs i n  %?!L r&:-.n fioocLci ..r+.:. aurin:: 
2 1C0-p:-r oGric2 ?::.s ~ator;lir.~d ,yz;:iic:.ll:r ;:.s s:;ji,x oil dr .  ;:ins Lo. 
3:;-11-57. The totc.1 Zlood c'.cx.rt- iil 100 g,r.rs vrhic:; i s  rc?rUsY:lt~d 



Tcblc 20.- i'rob::bl~ flood dduzgt.s i n  H;ssapnpn icivur b.Lsii1 
Box C,:.r?yon IJam not, br>.ilt. 

. ~ 

bi;:.~. Prob. : 1&3,000 : 165,1,00 : 4.9,3GO : 3l,7(,0 : 2L!bJ!:G0 : 211,200 : 230 ,W : 
06 ' [G ,  (100 : 70,500 : 1?1,0UO : 13,500 11;5,0!3C : 7C,000: 97,5C;0 : /+60,000 
.11 '/L, 300 : i:,'y)O : lIiJl.bO : ,71,100 : 0 : C3,W: ~L,Gw : 352,000 

F' 
\n .21$ : 60,0% : ij!&,2UO : 1 0 , ~  : I , ! u J  : G u , t U O  : 69,2bU: 75,000 : 21+2,000 
W 

. ~ , / ,  -57 50, ti00 : + : l?,:!!O : 3,700 : 67,!iiXi : 57,600 : 62,609 : 170,060 
l .45: I,!.., C'I!?~ : .. 1,h>7r(!~ : i - ~ . . ~ n  -- . 6, c';, ,:, , : .., ., , 3 ,. I : 2 : 5b ,61"3 : l(j8 ,UOU 

' 4-27 : ~ C , O U ( J  : 27,100 : G,lLl t i  : r ' ; ' ~ C J  > : /+C~,l.~bb : 34,606 : 37,500 : 03,000 
!:. 12-50 Z'J, 0OC : l C J I U O  : 5,L,OO : 3,560 : ~ ~ , O C G  : 2 0  : 25,00b' : 23,0d~ 

::. -38.31 It,brYd. : ~ , L C L  : 2 , 7 ~ ~  : 1 , 7 0 ~  : I3,l40b : 1 1 , :  12,4(1G : 8,OiiCi 
!,:8J6C.l+Y !i,OL0 : li,ljOO : 1 ,3 \ .U ,  :. ~ ( J O  : 6,70O : 5,70b: 6,20!> : 3,CCC 

: 

Xxplanatio~? : 
1 (1) and (2) tskerl frori: iiai:e 13. 
Coi~wdn (3 j  i s  Colwnn (2) x .gbl+ 
CO?.I:-m (4) i s  Co11u;ln (2) x .959 x 51,1,0b. 

1 ~ 3 , ~ u o  
Col.?i~;n (5)  i s  C c l ~ u ~ n  ( 2 j  x 11,700 - 

2&3,~(1L 
C O ~ L U ~ U I  (6) i s  Colurms (3) j! (l:.) # (5) .  
Co11.m (7) is Co11u:n (6) x .ti57 
Colu,in ( C )  is C O ~ U . ~ ~ S  ( 6 )  # (71 

2 
C o l w n  (7) is taker1 from cir~rvring PJo. 3H-11-56. 

-- , - 'rX- LA- . -- . - . - - - -- 
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by t h e  crcc under t h e  curve is ;jl,~&O,000. Thi. zvcrzga a i u z l  flood 
dm-ge i s  ' U+,4Gil. 

Resu3.ztion a d  3enef i t s  

Zffcct  of Box Cayon R t s ~ r v o i r  on floods. Th, optrzt ing gr>pl-, 
(Dr2.1d.n~ PJo. jH-11-52, p-zgt 97) i s  b c s ~ d  on the  c:ssumtFon thr.t 1G.300 . - -  - P 

2ch-f  set of livd storzge c:~. .ci ty~~rii l  be r L s < r v ~ d  c t  cll t i n ~ s  f o r  I 
flood control .  r.dilitioczi storzge w i l l  bu ef iec t ive  f o r  flood coiitrol 
purposes z s  follows: I . . 

I 

(2) '76,000 zcre-fuet of supcrstorq,s (uncontrol l~.dj  
tlbovu t h e  s?ill~i:y cr-st,  up t o  t he  h i zh -~cz t~ r  
l i n e  (2462.6 f d ~ t )  & c ~ r r i n ~  with t he  - '11 -- ~ L ~ m ~  
proSzb.bl~ flood. 

\ 

J Vtri:.bli; :mounts of i r r i g r  :ion st0rc.g~ c-.p;.citg 
which ~ c . y  be v.c?nt. 

I 

lfi-th t h z  r sscrvoi r  0p~rzt.tr.d ,-.s s;lo~,m h~ru i i l ,  thu i r r i gz t ion  :.torc.gi 
c,-.pzci;:r uroul6. il:.vi: co:~troll,ci 7 1 1  f Locds bxccpt throu of thd flocc's 
recordsd dcriiig t he  p ~ r i o d  1916 thi.olgb, 1195. S p i l l s  ~rould hz-?~ 
occurr.>d to tc l ing  16,600 ~ c r ~ - f ~ ~ t  i.1 1920, 3&,3CO 2 c r ~ - f e - t  i n  19.22, 
a d  54,300 ?.cl.~-fect i i l  1 9 3 ,  

Tie  l?.r:rgc s p i l l  i n  19.27 o c c u r r ~ l  Fi;c:.usi. t h t  rus,rvoir vc.3 r.pirox- 
i w t e l r  t h r~c - fou r t i~s  f u l l  r.t t h e  tinti of  on^ of thi: l:.rgi;st f l oo i~s  
of r ~ c  wd. dvin so, t h e  z.vcilz31~ s~or-gi;  ccg..cit:? rru<uctid t h e  f: .ood 
i n f l o ? ~  +2k frori 2'7,100 s~conC-f L L ~  ;o 2 n:z&~>m. sutflov: pr:.k of 
5,900 second-f u ~ t .  

O?ur?.tion s tud ies  of 3o.u C.-.n:ron Rcsurvoir skoir t,lIc..t, y i t h  t!~,: 
assuE:fion 02 f u l l  irri,nc.tion stor-?;: c.t t . k ~  s t ~ r t  of thu flood, :r!?+n 
the  s ~ i h i c . y  d ~ s i & n  flood i s  routed through tliu r ~ s ~ r v o i r ,  thc: m2:c- 
irum o.~ t f low i s  69,7C3 scconci - f~~t .  

i? i tE thd usc of t h i s  rr.:.>i?lm~ outflo?r of 69,70G s e c o n d - f ~ t  f?om 
Box C:n:ron X ~ s ~ r v o i r  r+su l t ing  f ron  ,-. ri1~5mwil ?;.ob-ble inflorr of 
183,OCU sicoilc.-f,,t ;iiri ti..? >udi  discb..crgGs zssoci:tld r.;ith t>As .3:2: 

guncrr l  flood t h z t  vrvrc usti-l;.tLd :.t i , h ~  mouths of : I c r t i n ~ z  C r u d  
2nd .Scls !.ir.sh, thu r , s ~ t i n =  pi& disck:rges Z o ~ n s t r ~ : ~ , ~  fro:?. 30:; 
Cayor. Xesdvoi r  u r ~ r ~  cs th :~ tLd :.nu :.r~ t ; :b~l? . t ,~d rs follous:  

Below i)mn s i t  ti 69,760 s~cond-fdut 
B~lovr Sols  l ics l  ct. .;ickvnt8urg l4L:,lOG s-cond-f <,.t 
ht r:out;1 of r i v L r  l i 3 , j G O  s i c o n i - f e ~ t  
i.icc.n i n  flood d:r,:.::o c-ric. 134, j O G  c.sond-f u d t  

6.i!sidu:L flooL ci::-;-,s. In  T:.tml; 21 2 r ~  s!iovm th-  ~s t i r : . t~d  putk 
r2.ti.s of discha-gi: f o r  c. controllvd flood (30x C-:lyon D r n  b u i l t )  2.t 

thi: Ccx Car,yon Da sitl-, b~101;i Sols :.JLs~ 2t jiickziburg, zt thd i;.~llt:~ 
of t t . ~  r i v ~ r ,  md t h e  i;!+r.n .lisch-.rgc i n  t h ~  ?.rc s u b 5 ~ c t  t o  flood dr~~.!?-g~. 



Table 21.- Probable flood daiilyes i n  :iassayar11na l l ~ v e r  bilsin 
Box C=yon Oan b s .  

5: ( 9 )  - EL- 2) 3 ) 4 L O L  @) 
r - 

(10) 
probe tio. :lioco!tmlled: Con!nlled : Conir?lled: fiut&oW ~ r o m : ~ u ~ f l o w  iroiii: Peak 1910r :Peak Plow :&an Flow : 
o f .  occur. :jJexk a t  Box : Pealr a t  Box:Feak F~om :Martinez Cr.:Sols Wash : (tit : (I~Iouth : I n  

( 10" ~rrs.:.Cmjron U r n  :Canyon Dam :Dan ( i t  : . (ht : (A :kickenburg) : of : Darn-age : Damage 
! b i t e  S i t e  :idickenburg:biiickerlbur ) :l~iiclce!~b~lr,g) : : (iliver : hrea . . - --- --- -.-- - - - - : ~ - - ~ ~ .  : ,ec.-t T i ~cc . -< . t .  - ;;ec.-1.t.): (~ec..-~!;f-~~c.-~t. j : (sec.-~t.) : ( ~ e c . - ~ t .  j: (~ec.-~t. j I ~ o ~ l a r s  -- 

1.1~~.  b o b .  : 1G?,(j00 : 69,700 : 63,0rN : 49,302 z 31,700 : 1 , O  : 1 2 3 , t + i 0 :  1%,40c :: ' . 

i .06 : 75,000 : 2GJ100 : 18,200:  21,GL.G : 13,5013 : 52,700 : &5,2ti0: ~9,200.:10~,000 
! .11 : t i  : l 7 , O &  : 15,1+110: 1G,i00 : 12,100 : h5,6(30 : 39,100: !+2,&0:82,000 

1 - .  .24 : ~ c I , C I C I O  : 1~3,200 : 1 1 0  : 16,200 : 1 0  : 76,500 -:-* 33,000 : 35,900 : 57,000 

I t  .57 : ~O,OL:O : C/,SCO : d J 2 b 0 :  13,5h0 : 8,7CK) : 31,i)OU : 26,500: 25 ,y00 :~7 ,000  1 ,, ~ . I I Y  : 40,600 : 6,500 : 5,YUO: 10,6(~0 : 6,900 : -23,600 : 2 0 , 2 0 0 : .  Z ,000:%4,000  
! r 1:.17 : ' 9 . 0 9 ~  : 3 w>n . , , , .. .: . 9 3 n r .  . 0 7 r t r  . 

U,LW . r qnn . 
J),"' . ,,--- , lL,$,J . 

% \,, , 1 4 , 2 0 ~  : 15;stio : 11.,000 
i, 1%,50 : 20;000 : C : 1,200 : 5,140 : 3,500 : 10,100 : '6,700 : g,liOO : 5,OW) 

38.31 : 1C~,00U : 0 : 0 : 2,700 : 1,7GO : 4,400 : 3,800 : ' 4,1W : 2,000 
66-49 : 5,C00 : : 1,300 : 9ii0 : 2,200 : 1,900 r 2,100 : kfone 

-- -- - : 

dr:plan?.tion : 
Colwm (1) sod (2) taken from pare 156 
Column (3) deterzincd by reservoir  roiltillg  stud^. 
Colunn (L+) i s  C o l m ~  (3) x .90L, 
Co~ul.lil (5) i s  coliuox ( % j  x .959 x 51,&00 -- 

1C3, C'a 
Colun11 (6) i s  - ~ o l l u ~ f i )  -.- x 31,7uij 

1b3, ouu 
Colu.~;m (7) i s  Coiu,ms ( 4 )  (5) / (6). 
Coluui (C) Ls C d l u i i t ~  ( ? j  x .;,p 
Colu;,u? ( 9 )  is  Colun!;!~ (7) / (C)  

2 
Coluum (10) i s  taken from drawing No. 3H-11-56. 

. -  -- 



A mdication of t h e  D i s c h ~ r c e  - Deaage curve (see drawing Xo. 
.+-. ---..- - 1 -  , show~ t h a t  a 78 ,OOC second-lzet flood at, the  Box Can-ion 

Dan s i t e ,  conti.oLed by Box Canyon Llaxi, which i s  equivalent t o  a inem 
dischdrge o r  $9,200 secozd-feet ir. t!-e b m g e  area, +mxsuld r e s u l t  i n  
damages of $105,000. Tiie axounts of dai-ages t h a t  occur with t h e  - 

I 
specified floods were deterni2ed ifi t l? is  nanner and t z b u l ~ t e d  on 
Table 21. P lo t t ing  ?.he a5ove-;fie:ltioned danage values as  a Dw.age- I 
Frequenc:. curve, drawing No. 3R-11-j7, s?o~,m t o t  a 1  r e s i c w l  flood I 
daimges i n  lOLi  :.-.as, whic;~ i s  represented by t h e  area under t he  
curve, of r2L,7,03~, The average annual res idual  flood daxuge i s  
;02,li/O. I 

I 
Flood dontrcl  -.- b-nef i ts ,  The reduction i n  flood dmage along 

t h e  Hass;ya.~pa by o?erzoiotl of She ; ~ O X  Cbn:ron i i e s ~ r v o i r  with a flood 
control  storage of 10,ObC acre-feet i s  estimated t o  be ,911,930 a :ua l ly ,  
a s  fo l lo~ r s :  

I 

&vera&e ar .xz l  c?.a.ii.~e v r i t ' l  cncoatrolled flow $ir,:,CG 
Residual average t.a.iual ~2 J.ls:e with controlled 

flow 2, ,.?O 

Reducti 1x1 

$ 3  Zttcm$ has been L L ~ Z ~  t o  ev t lua te  t he  e f f ec t  of t h e  Box C+nron 
Reser t s i r  On tile G i l a  Liver flooGs. In  view of ",he l a q e  volw-es of 
the  Gila  flooGs 2nd tIze ~ ' e l z t i ~ i e l ~  3 z a l l  a;,ouflt~ contributed bp t h r  
d r a i n 2 ~ e  basin  ;hove t h e  sox Cm~pn Reservoir s i t e ,  t,he eEI'cct i s  
bel ie \  ed t o  be ncsl igible .  

( , ap i ta l iz ing  .Jl,93@ a t  3-67 p:rcent ( 4 ~ :  years at 3 percent 
i n t e r e s t  j ind ica tes  t o t a l  f! ood con tml  bece f i t s  of $3@i,000. 

i'rssent develo?r:ent i s  l i r u t e d  t o  a few d e q  wells i n  ;iittri&-a- 
t h e  pro jec t  area  i s  luiinhabited. 

Anti cj 1at ed Keeds -- 
t8tudic-s of probable f a r a  mgrans ind ica te  t ha t  t i lers  w i l l  ~ r o b -  

ably be about CO fan1 a r i t s  on tn6 ?rojcct,. ?w-cision should .be .cade 
t o  su:l?ly dot..satic +?at c r  f o r  about 4W people on project fan:.$ 2nd an 
equal nuuber i n  t h e  p o j t c t  to:m, a t o t a l  of 809 p e ~ p l a .  This sh~uld 
cover tho  population ~rowt9. cluring the rc?a:;r?.ent ;ariod. 

Meter 3 e a u i r e ~ ~ r . t  S 

The average rleaznd i 3  E S S L L . ~ ~ ~  t o  bz 50G gdllons ?ir capita per 
dey, o r  a t o t a l  of LOG, OGO g-llons p r  cia;?, a , , o ~ r t i n g  t o  an ~ t x ~ e l  



demend of 1!:6 r; i l l ion eallons o r  450 acre-feet. The m&am daximd i s  
estimeted et l;GUJOGO gallons i n  12  hcurs, l ihile t h i s  r r t e  of consmpt- 
i on  i s  highsr ti'al nom.d, it i s  not considbred excessive, i n  v i ~ r . i  of 

I 

t he  fkc t  t ha t  tha  t ,ow of :;jckenburg pz~pecl 242,612,/+60 p l l o l i s  i r l  

1940,- o r  67'7 gallons ;:*ti capi t2  pcr d a r  f o r  tlie l,Ol+3 i n h ~ b i t a e  s, a s  
l i s t a d  i n  t he  194,ti Ceqsns, Loczl of,'icials of iickenburg ctttribmte i 
t h i s  oxccssive ier,;,-,d t o  the  l a r z c  nmbsr  of t o u r i s t  csur ts  snd t,:;e I 
w i c l s s ~ r ~ z d  c se  of cvcpo:-ative cowLers. 

I 
I 

It i s  probzblo t h a t  some dtlirying w i l l  develop on t h e  project, 
a d  the  dersuld f o r  wetering of cz t t l c ,  clcznsing of bi.rns, ztc., 
will be hizh. LI cny event, ? ~ t . e r  wtll hpvs t o  be suppllbd t o  do:,~stic 

J 
.. 

. anir,,&ls, wh?.ch not c.n i I i 2 6 ~ t a i t  f a c t o r  i n  t he  ii~.cki?nburg su>;>ly. 1 

Water w i l l  c lso  bc. usbd f o r  o ~ ~ r z t i r g  e v q ~ o ~ c t i v e  coo1~r.s i n  the  I 

project  t o m  a d  on t h e  f n m s t e ~ d s .  Seasonrl dm<.nds f o r  dora~stic ! 

w a t ~ r  vary widely b e c c ~ s ~  of t 3e  climctc. 'Iho Jimc, July, a d  !~uyust I 
m9nt:li;- d~incnds in-hickdnburg ,re,nure thcn four  tiidcs t h a t  of fal.usry; 
thoreforo, tl-.~; r l e l i v ~ q  of i.l-.t; a s t h z t e d  cLil;- la :~cad of 1100,GCO 
gcllons i n  twzlvc iie3.r~ w i l l  sor;ai;i~.+s bt n,cesszry t o  covm ?=nk 
10,ds .  Eo Ciif,-.ilLd ~ s l i m d c ;  of t h ~  riist,ributiofi i n  ; a t c r  use butreen 
thc  t o t n  ?.rid f;:n.s Qras i~cee .  On tr.11,~ b;.sis of zvail&'du in<oFI.!-tl(.n 
it was cssw.~;;d thilt zach wo-ld use, on ?ha averesu, about 5 ~ s  of { h ~  
w e t t r  ijupplicd f o r  i7m.s4.. . .=,d -*. ::xd mw i c i p c l  ~ U F ~ O S U S .  

Potent lrl D ~ v v l o ~ c 5  - 
. I 

2 ,  vmi;ld b;: gossi!cl,- f c r  G L C ~  r.n<i..<du;l f;.ri,.dr t o  :2ro.i3.de 11: s 
oum fc. -astz:6 'irc.twr su2yly by  drill:::^^ .. ?;all about 600 f ;it t o  p~ ne- 
ctr.ztc :h;. ; s r t ~ s i z n  z ~ u i f - r s .  I n  cd t i t ion  t o  i h c  well, t.he o;:n~rs 
would ')e rc;rl;irLd t o  p ~ r c h c s ~  pu.rL?irig eqs5pi ! ~ n t  , :?rovi& n ~ c c i s s ~ q  - 
s t o r q ~  f i . c i l i t i t a ,  ~2.;: .;:or pjzyixf. - ?o'.ii.r i.r.d +,h* n;cl;ssrr;: u?kdr]. -. 
of ths. ~ s r u l l  ?.n3 iq~~i:;:l,r;t. Thc in i t  i c l  cost of 2 coi.;pl-to i n s t a - a -  
t i o n  at, ~t..cli f 2 n  i s  ;stb;:tcd c t  $f',CC.O bcsed on thd  191r7 cost 
index. F>u s ~ t t l w r s  trould '2,: ;.ble i.o n:ke such 2.n outl<::i f o r  2. ftra- 
s t e d  ;uyplp. A L  don-st,ic w:.t ~r sugy,ly sys-1~1:~ i.s, thciri;foi.c, inci:.dd 
i n  t h s  origini-.l pl2.n of conatruotion for  th; pro jxt. 

Six m~thods of proi..lfing t !-,is ~ r ? . t ~ r  suppl7 ri..re cons id^ rd: 

1. S';p?.r:to ' ; u l l s  f o r  ~ c h  2.1n, ?.nd f o r  thd ?roj.,ct t01.r.. 

2. Crocp $:i l ls  t o  s;rvt 4 f:.r:.:s ~ ~ c h ,  s~prr::.ti: w ~ l l  f ~ r  toinl. 
3,  S?.~gl,- c t  s i t e  of Gc.~.:-iizi;-.g i-+s'-rvcir. 
l+. Sing12 v!cll on r i v d  oi;>osi%c r - ~ , ~ l . v o i r .  
5. S i n g l , ~  r : d l  on riv;r n ~ - r  r:.ilror.j, 'oridgo. 
6. Dilivui-y of 'i!:.tvr from p ro , j~c t  cc.:lc.l t o  equ::lizing rus-r-ioir. 

Thv zpproxim::tr constrc.ction cost .sd totc.1 :.nnu~l cost f o r  ~ : c h  
d i f fe r -n t  pl rn  +:~.s co:iputLci a?&.-r t.:-,~ s ; r ,~  b-sic r.ssunptisns .-s t o  
w 2 . t ~ ~  rGciuiri-mLnt, pui:ing hL:d, ?ovr~.r cost ^_nd r e p l ~ c ~ m ~ n t s  cost. 
Thusc stc.6iis sl-orr,;~ til:.t -ncu:l cor;t.s vccul~5 b~c: high.-st f o r  P l a s  1 
r.nd 2 nnd ,?.ppro>A,:nt ul:r ec:u:.l f o r  ot,hLr four pl.-.zs. P1r.n 3 coct~n!- 
p l a t ~ s  t?.p:3irg .tb; und~rzrocnd st,or:.et. h d t ,  whil; T1:lns I;, 5 ,  :21d 6 
would rir-.?r hr.t.t;r frcm thG H;.ssr:y~~i~c X i v ~ r  c3,-.mil. 



h2dom~st ic  rvctsr system xust be rssur-d 2 supply 2.t dl t , imus,  
zltho-dgh minor short-gi:s i n  ths  ano-mt of w:.ter 2 . ~ j l 2 b l ~  zrr; pemis- 
s i b l ~ .  Tha Ii::.ss*=~a~:x. Rivdr, dud t o  i t s  o r r ~ t , i c  flow, doec not ;.pi:L%r 
t o  be c dc;pend:.blu sovrci: of supply. R:jservoir o p ~ r c t i o n  stu&i~s show 
tSc t  during tho  period of s:ucij- %x Cm;an r ~ s t r v o i r  would hcvc b:cn 
arcm dobm r.lmost t o  dszd s torczc . l ive1 i n  1934, ?rid tilzt i t  weld 
hr.ve beun c t  6.ezd s tor~.go luvul  f o r  six Eonths i n  19115. Dcriog t h e  
1ztt.c;r p,riod no w:,ta could h2vd b c ~ n  r~lv:.sed t o  thu d o m ~ s t i c  v::tc;r 
supply s;.stc~~, r'urthcr?~ora, it is probible t h c t  t h e  subsurfzce flow 
of t he  river :.roc.ld bGccxii ntgl?,?ible durinz thu 1::ttcr p r i o d .  T:?&re- 
fore, C'rlc; detp >:ill of P l m  3 o f fu r s  thv most dspt;nct;bli: source of 
wtir f o r  ,: doaustic suyply. $ 

P l m  of Dcv~losx~in& 
! 

Wdcr  f o r  both n-micip-1 :ad f ::m;ist~zd usus r~nuld be sup!~lir;J. f roin 
c singlo ~iill 1oczti;d ?,t t h ~  equ&i$;ing r ~ s ~ r v o i r  sitk iz ss~ct,ion 1, . - i 
T. 5 I!,, R. 4. i!. \r:.tcr rm~iid 'oc di~: t r i 'ou. t~d t o  e;-.ch f;.ni through ,:. 
p r ~ s s u c c  S J - S ~ G ~ .  Tho slopu of t h e  :.?;?i, i s  Such tt;lct pi.lpi:lg i s t o  t ho  1 
pip" l i n c s  wodd :lot ba r ~ q ~ ? l r c & ,  ca~d t h ~  &:itire dis:ri'o~tion s y s t ~ m  
would i t i i v c r  t:ii: 1;r2tlr by g r ~ v i t r  :.t not l ~ s s  t5.m 3C pounds p r ~ s s u r a  
pur sc;l:..i-c ir,c!:. I-:ow,vir, t o  s'clp:>ll; t he  h i g h s  om-thirSi of t h e  
proj,ct .?ria +,&t!-. ,,r:..tur :.t t k i s  p r ~ : ; s v . r ~  r d l l  nbcGssit:.t-.t.u :a ui-%:.tad 
st.%-:@; t:d< 50 f rGt  L . ~ J V G  ground s~irfzcu -+ thd rLs;rmir. Th& dis- 
tr ibut-ion m-ine vould b- cotlblc,-dig,id rzd rrr:.pp~d sto.2 pipe r a g i n g  
i n  siz- I'rox 1 0  inches t o  L, i n c i ~ ~ s .  1 

F relizLnar:- plans and estirna: e I for t' is s: s t  cn kc ve been bt sed 
on the f ollo,.~i:ig assu~?t ions :  

E .  The e q ~ a l i z i o g  reseyvoir >:ill be a concrete tank, s i ze  110 
f ee t  ky 110 f ee t .  It % r i l l  5e riivj.isd i n t o  two bays, erch hivifig a . 

. capacity of L;LiO,000 gallons, t o  p e n i t  storage of a t r - o i a y  sup2l:l. 
\he:. c ne b2.y is being elez.ned the  o rher bag- ca be %ert  i n  operation 
and provide a ol.;e-Gay supply. Chlorination equ ipen t  w i l l  be yrc,vided 
a t  the. reservoir  but no ot!lar t reatxent  is  conter~plated. 

b. The i,?ell w i l l  have a de11lh of 606 feet ,  a -,!aging i-ead 6S 
400 fee t ,  and a ca:~acit;r of 56C gallons per pinute, o r  1.25 sec0:f.d- 
fee t .  k t  652 efi ' icimcy, t he  p q > i n g  load ~rould be aballt 65 kilt- 
watt s . 

c. The d i s t r i bu t ion  qrster. v.6.U have suf f ic ien t  capscity t o  
de l iver  &QO,OCO gallor,s ir,  12 l~ours.  Pilie s izes  w i l l  rir,ge from 10 
inches i n  d i z ~ ~ e t e r  a t  t!le rosei-voir t o  f o ~ r  inchss i n  2 i a e t e r  e t  
t h e  farm uni t .  The estirriat,e does ;lot include th; cost  of comect,i;lg 
t h e  n;.in rrith t h e  verious f u n  bui l i ings ,  :lor t h e  coct of t he  t o m ' s  
d i s t r i bu t ion  sys t  s:.?. 



Cost e s t h a t e s  a re  s tma ized as  folio~*rs: 7 
l i e n  ar,d pWn7ing plant 

R e ~ e r \ ~ o i r  

Chlorination eqi:ip:.sritt, 

2Leuat ed tank 

Distr ibut ion syst  am 160, COO- 
li 

Total  (Eased 02 Y'am~ar: 1940 $ZG9,000 
pr ices> 



Plan of Repayaent 

Provision of a farr,stead water supl:r fo r  t h e  i r r i g a t o r s  i s  
deeaed e s s e t ~ t i a l  t o  succesbful project  develop~~ent .  I n  aeoition, 
domestic water +"ill be needed f o r  t h e  projact  t o m  arid su??orting 
populc~tion; provl-sion of t h i s  watkr can be acccrqlished ~ o s t  ecczo:cic- 
a l l y  by constr~ct i ing t h e  rin.uicip.l and :am.sfead water supr1;i system 
as one uni t .  It has been asslw.,ed t!lat t he  proJ9ct tow11 ant tl!e 
i r r i g i t o r s  would each use about 50 percefit of tile rrzter, o r  73 d l i i c n  
gallons each; a d  t h a t  eac!i *iovld be r ~ ~ ~ ~ l r e d  t o  repay 50 percent 02 
t h e  construction costs, o r  #Yg,CiOO. 

The portion of cons tn~c t ion  costs t o  be r a p i d  by t'xe project  
fanners has been considered aa coming rrithin ti;e scose of Xeclaiotion 
law a.nd r e ~ a y a b l e  i n  1.0 years tdthout, i ~ t e r e s t .  Oil t h i s  bcsis, the  
anmud construction cos: t o  be 1.ep~j.d b:* t he  yro ject  ~ iou ld  'be a:?< u t  
$k, 6 ~ 0 .  I 

:onstruction costs  chargeable t o  t h e  project  t o m  tmuld ham t o  
be repaid a t  i n t e r e s t ,  '-.o~.iever, anc a re~a:ment period of 53 ?.ears a t  
t h r ee  percent i s  i ssmed.  Therefire, t be  average amlual pjmert ,  
requi-ed from the  town worlld be &;2CO. 

UnnuaL - Costs 

r reserve f o r  repa i r s  and rep:.acezents has been calculated ( n  
t h e  b i s i s  02 t h e  e:cL>ectec! l i f e  of -,he vi-.rious f ect-dres and a s s m  ng 
a rat: of  t k e e  ;seycezt i interest  fi1:rin~ the  repa:meiit 2eriod. 3 ede 
calculated .?ni.u.ity lactor's i i id icht~:  hi1 an.;ual cost i o r  t3is pro2:w 
of $4,500. 

Operation and !n;irYcenanca of -.he systerg y . 6 1 1  Ix?o'usbl:: recy-?i:,e 
t h e  equivs.len% of t h e  serv',ces of . iro rten from. t ke  irritation di:it'ictl 
orpanizatLon. S&l;ries ?lus r,tinor ~ e i n t e n s n c e  e;c?ez?~itures ? , ~ 3  e?sti- 
mzted t o  tot,& $6,00G arlr:~all;.. 

i,nnual po::er require~:~ents f o r  puxi3ing 450 acre-feet of water' an 
averege l i f t  oT 400 f e e t  s r e  estk.,aterl a t  265,GiIO Idlovat t  hours (%t  
65 percent efficiency). Based on :,resent and z.nticL?ated r a t e s  :Ln 
the  [.enera1 a e a ,  tl:e everage cost of electric energy is ostli:~att:d 
a t  $C . O 1  a ::ilo:.ratt ?.ov.r. mping charges r:or;ld tken averege about 
$2,9C0 a ;re=r. 

Estimated ancual costs  f o r  ' t k z  o?cration and r~e in t  einencc of the  
iaiwicipal arid f zr;:.st ead. >rater sui3ply system are  s ~ ~ s r i z e f i  as  foliows : 



Reserve f o r  repa i r s  and replacement $ 4,500 
Operation and maintenance 6,000 
Elec t r ic  energy f o r  pmpi?.g 2,900 - 

Total  annual cost  

Cost t o  project  w t e r  users 

Cost t o  ?ro ject  town 

'I Annual cost  t o  farmcrs. The net  annual cost of t h e  farastzad 
waterTq,ply wodd consis t  of t)ne construc;ion cost  and o p r a t i o n  
and mz.in',enanca costs.  I n  accordexe  with the plan of operation and 
repayment, hcwever, these costs w0u.d be corisidercd a s  pa r t  of irri- 
gation costs,  not as  2 separate ite.1. 

I 

. .mual cost  t o  a ro j ec t  toxn. "he t o t a l  annual cost of municipal . ---- 
water ehargsable t o  t he  projact  ~ O I T I  ::odd be 2s f o i l ~ ~ ~ ~ :  

Amortization of construc ;ion costs ($185,00Q 
i n  50 years a t  3 pc-rctnt i n t e r e s t )  $ 7,200 

Operation and 1.laintenanc ? 6,7CO 

Contingencies 

%sed on experiences and prac t ices  i n  t h i s  sect ion of t he  country, 
t he  w ? o l e s a l ~  valut. of doxsstic xat.?r i s  piaced a t  @.20 per 1,0('0 
gallons. On t h i s  basis,  t h e  valuc, of tht .  73 mill ion gallons supplied 
annually t o  thz  town would be Slu, 630, 

1/ In addit ion,  a reserve f o r  contingencies i s  believed necessary; - 
such a reserve i s  included i n  the. f i n a l  cost  s1m.arias. 



Lznds t o  be included i n  t h e  ?c t en t i z l  project  ilrer c r c  desa* 
l a d s  wkict: hc,ve iLridted v;lue i o r  g r ~ z i n g .  Oiling t o  a r i d  c l h c t i c  
conditions, d r p f r m i n g  i s  not possible, North of tile project  crea 
there  z ra  cbout L+70 ccres i n  s~:al.l scc.ttareci t r c c t s  iirkich &re irri- 
gsted f rou  t h e  I:zss~.ym:pe iriyero The s e v e r e l  cttemps which 3sve bsen 
mcde t o  proaoto cn i r r i g c t i o d  y o j e c t  i n  t h e  iiassqimpe Hiver b ~ s i n  
hzve d l  fc i lcd ;  t h i s*  h:ive been discussed i n  . .pendix 11. 

I 

Undcr i r r i p t i o n  t'nu l a d +  ; r e  3otent i r . l ly  soc: of t.?,a aos t  
proauctive i n  t h e  Lou:ur Colorcdo Z::.i-rzr brsin.  Their  ~g r i c? l l t u rz I  
aevclcpnerit +rill conp:,re f :.-mrzbly -6th thz Si lt rZivrjr 20 ject,  Y kcre 

-.. under i r y i g t t i o n  c t i d e  v:.riuty of :rcps :.r~ gi-ovrii, hccnoxic 
c g r i c u l t u r ~ l  contiitions : x - s v c i l i n ~  ..n tht; S ~ l t  River Project cr.n be 
a c c ~ p t ~ 6  :.s !>~i- .., v r i p r ~ s ~ n t l t i - r e  o i  ?J!-LC~ c;n be GT.-JC~-d i n  tile 
Ecsac?:~.g:.. Froj;ct. Crop ccra2Ei.s .::id v r 2 ~ e s  i n  l?L+5 f o r  t.he S:l t 
Eivcr Pro j ~ c t  . r e  sko;.m i n  T.zblc 22 ; t t z  gross crop vclue ? ~ r  :.cle 
cropp.3 xc.o~jllt;d %o $//+.69. Thu v::'iu~ p2r xrc: ccl-iiv;kbd, ;?ow- 
eviir, vcs $1&3:C;6, 2ue t o  tiic f : ~ t  :hct $2.5 ? ~ r c c n t  of t!-,,,: cr~:. 
irrizc IT- = doc>l?-cro7pod, i juri  12 thi; p r i o d  1933 t o  131:4, t t  e 
?.vercg c gross c?o:> v?.?uo ?r,ount.~d t ) sli; ?ti:? O T - J ~  3ll.2 ;;1 C C ~ L  I 
szct i r  n 0:: Cro?s). 



Table 22.- Crop acreages and v ~ l u e s ,  Sa l t  River Froject, 1945. 

: - .  Croa : Unit : Totid 1/ :Value +er , ..., 
: hCr?&e : Produption :-Yield : Value ---. 

: iisre 
: (JO~~~Z')-:TOTGZJ 

Cereals I 

Seed ; 
Hay E; Forage 
Vegetables & t ruck : 
Fru i t s  3 nuts  3 

Cotton Lint 
Cotton Seed --. 
M I S C .  ; 
S o i l  Impr ov. 

Total  

Less Dup, hrea 2U,  676 

Net xrea 

Less Fa1 -owed 

Total  Ir :igat ed 

Bu. : 2,955,613: hS.12 
Ed. : 9EG,533:131.52 
Ton : 10,364,071 : 35 .~0  
Eu. : 12,143,713 : 33b.11. 
Lbs. : 5,556,491 : 44&.L1 
Bales: 671,765 : 100.01 
Ton : 1 0 , l  : 19.3L 
- :  64,660 : 36E.16 
- :  - - 

Land 0b.n 2rshiu a ~ d  3xcess b!oldines, 

Ovmzrsi~ip of t he  Hassal-=q>a ?roje-,k Lrea i s  vested i n  t,he.hmd:r of 
17 owners, inclzding the  United Sta.tes and the  S ta te  of :~rizona.  T t i r t ~ r -  
six perc-nt of t h e  project  a rea  i s  yr iva tek-  or.,nad, 14  ?orcent b01or;gs t o  
t h e  S t a t e  of Arizona, a116 the  rcinainin.: 50 percent be lo i l~s  t o  the Uliiiod 
States.  (See T&le 23). 

h correla t ion of ovmershi? h o l d i n ~ s  b ~ t h  land c1;ssification d2.t.a 
shows tha t  seven ormers, excluding t'.~ United S ta t e s  a id  t he  Stzt.6 of 
Arizona., obm i r r i g a b l e  lznd i n  exccss of 160 acres. The t o t d  esce:js 
holdings ai;o.unt t o  lOgf3,:b zcres o r  1L.6 perceat of t h e  pro j ic t  are;:. 

-not include $ay:!~nts r ~ c e i v e d  from Feiera.1 and co.mer~ca1 pa:.- 
ment s . 
Source: Crop report ,  Sa l t  River Project ,  1945. 



Table 23.- La,d owners::i? &ci excess hnliings, 
Iiass~y&7;7a i r o  jcct,, ~=rizona.  

- 7- 
\7,>Ou,T2: 

Ovmer : Clas::ifirs.t,io;l cf O,~.mers;li> r.cres):Irri[;?.ble: ixcass  
: Vacan%:iieclzr~;,t ion: St z t e  : Private  : Lanls : Holdizgs 
- : 1,' .--- 

: ( In  ~ c I ~ s ) :  - 
United States  :329,GO: 3,k22.?.? : : 3,6G6.76: 
3tat.e of brizona : , : l,CLIO.OO : : l,O:.O.OCI: 
Ora Collier  i 278.20 : 23G.20: 7C.20 4 

The6lore , I .  i 
4 

St  emder : 243.00: 2!3.00: 62.00 
Langrw.de a?. l 

Lanpzcie : I  : 79.34 : 7?.34: 
R. G. Langm.ide : 1L&.OO : 140.00: 
Stepil.en i. . 

Langaade . : 379.04 : 373.04: 2l3.04 
Louise Lzngcade : : 40.00 : ~ C . O C :  
W i l l i a m  Lan z:?ade : : 1:O .OO : l+O,Q: 
~ o b t .  !-I, ~ ~ : ~ - g x c l e  : : 40,00 : 4 0 ~ 0 ~ :  
k i .  S. Grif f in : 2:9,l2 : 239.i2: 73.12 
Guy C. Grif Zin : 2~0.00 : 240.C:O: 60.00 
xlvin Grif i i n  : 24C.uO : 240.0C: 80.00 
nda Griffin : 39.50 : 39.50: 
W-L F. Xoert : i.O.00 : b.0 *CO: 
Ste2heil B. iiayb~rn: : 637.00 : 635.0C: L.79.00 
G e o r ~ e  Zvars : C0,OO : GG.00: 

- ~- - 
Tota l  acrz: :32O.C0: _1,k23.32 : 1,OLO.OO :;,717.2G: 7 , 4 '3  - 9 " : l  v , 3^" .yi).36 

21 

1/ Excess h.oldi?.ss e r e  t be  k o l i i n ~ s  o i  irri5;Sle i rnd  i n  excess of l t l G  
acres. 

T%s dii'ference bct:.iecn the  project  arza  ;rid c lass  1 2nd 2 ;w1cls a-.o'~nt- 
ing  t o  56.54 zcres i s  cl~.ssi;ieC. .%z ldnzr ibh  l~ ,n t i .  

Source: O:ntrs'il> dcta cbtGntc! fror.. i~zrico?; County ;:<cords. D ~ t a  ~ u r ~ e n t  
as  of J m c s y  191,7. 



The project  area  i g  rrell-adapted t,o i r r i g a t i o n  agrieuiture;  t h e .  
lands consist  of a gelitlj--sloping al;uvial fan -&lic:? i s  e:~ce?tion?.il:- 
sii~ooth-surfaced =I& li~iforra. Lzn.ci deveioi~~r~ent costs, themfore,  s50o..ld 

n o t  be e::cessive. l~ccordinq t o  Sureau of ,$eclanation stanr'.ar?.s, a:?;ro-:- 
$mat,ely 9% percent of t:?e arkble ls;?ds have been c1assi;'ierl a s  C i a 3  1, 
end a',.~out tvm ~ x r c o n t  a s  i l a s s  2. 

1. Clina t ic  conG.itions a r e  er:ceptionally favorzble for  development 
of a.n i r r i ~ z t i o n  ~3roject .  T5e zvers.ge mean tezipe-ature b t  l i i t t 1 2 m i  

0 
i s  69 P., tile f rost - f rce  -,eriod is 2G5 dsys, ard t he  averace m:xd 
precipf.tation i s  9.C5 inches. h m a l l  e;q*rir;en+,ai t e ~ t  ? lot  a t  L i t t -  
r~ann - i r r i g c t e d  f roa  a deep well  - has ier~onstratej .  t ha t  t h e  cro:.js 
now grctt%m i n  the  S z l t  3i-?er Vaiier can be grorm i n  t h e  ?reject zr.:a. 
Secaus~! of tile e::cep+;ionall~ good lzn6.s and the  f 21-orciole cii?iate , 
t h e  crop :rielCs i?? t h e  project  ;rez e r a  e q ~ c t s d  t o  e o u d  o r  even 
exceed thosa obtzined i n  t:;e Sajalt River ' ia l le~i .  I 

:+ 

T ie Hassayaqa Froject i s  c n l e ~  36 miles from tha  Sa l t  River 
Projec.-,, at-.;! t h e  c131~.t,ic ar,d s o i l  c.or.ditions i n  t he  two areas  sr? 
siinila.-; therefore, it nas been assined t h z t  t h e  iii$?*., successfuL 
a_err;cu .ture of t h e  Sa l t  .?iver Project  would be e.n e::c~llei?t i;idic;tor 
of tlie agr icr l tui -a1 p o t e n t i t l i t i e s  ; n t h e  Iiassayznpa Troiect ares .  

Tle averaze arcual  crop d i s t r i ' t u t i on  1~13 determined f o r  t h e  3 i l t  
River Project  baaad on crop reports  f o r  t h e  base se r iod  1939 t o  13114, 
inclusive;  yie lds  obtsi:ied i ~ i d  2r ices  received t7 S z l t  FLiv.-.r i3roj?c5 It 
famiera also Ceterrined f o r  t he  base ~ e r i o c .  (See Table 24). !. 

These values were then used i n  ca l c~ i l a t i ng  the ariticipat.ed lan6 utiLiza-- 
t i o n  of t h e  Iiassa~rarpa Project area  ,and i n  detem9nir.g t h e  emected 
gross crop income per  acre. 

I n  general it rras assmsd t h a t  t h e  proportion of t he  various 
crops anticQ.lated f o r  ti-," proj,:ct ~ . < ~ - ~ ~ l d  ;ipprc:cins.ie S ~ l t  P i v w  Project 
con6it ions; t h  pr inc ipa l  excegtiaz; being cotton and a l fa l fa .  ?he 
cotto?: ac;.ez$,e has h3en iecii&dn: s - ; e a ~ i l y  on %he Sa1.t River ProSect 
and f c l l  frozi 50,312 acres $1: 1740 .;o 6,700 acres i n  1945; during t h e  I 
pe r io i  1939-14 t h z  ;.crcacfe G a:iounte;; t o  l&,275 acrzs  d?nudly.  ?'kt? 
futuri: of tile cotton industry i n  tt-. sol~tk!est i s  so uncertain t:P.at 

.f 
any predict icns  with respect, t o  cotcori i;oulr; be a x t ~ n z a l y  hczardcus. 

2 Therefore, tlie es t inated cotton acreage 0% t h e  Hassy;:i:3a Project, I 

'has been placed 2% a conser-V-ative f ikppe  of 10 p e r c o ~ t ,  A f a l f a  on 
the  other  hand seems assured of a market i n  thz  Lcs i.nseles r?.ili:shed, 
which accourts f o r  an e s t i n ~ t e  of z'3out one-third of tile acreaze i n  
d f f a l f a  a s  cozpared t o  about 20 p e r - z ~ t  of t h e  i y r i ~ ; t e d  tlcr.zage i;l 
the  Sa l t  iiivvr Frojoct. 



T = b l ~  24.- t.vorcgc crop distxibution cad ~miglltcd gross crop viluo pur Lcrc, 
S ~ l t  i t i v ~ r  r'rojcct, f o r  t he  u ~ r i o d  1939 t o  1944 inclusive. 

. . 
c.:. . 

Crop : ~ : . ~ i u : ~ e  : D i s t r j . b u t . i o n : a l d  P a  Acre :, Price i'cr : Wuightcd gross vclue 
: Croppud : (t.eraccnt j : : iiuii, : per i r r i gz t ed  acre 
: (scrcs)  : 1/ : k,mount : Unit : (l)oll:.rs) : (Dollars) 

. 
Bcrlcy : 20,579 : 9.1 : 21.0 : cwt, : 1.69 : . I t  

3-23 
&.?.in Sorgl.~ut~is : 2tJ,l.?4 : G,9 : 25.2 . , 1.50 : 3-36 
C ~ t s  : 2,656 : 1.2 : 17.7 : 2.00 : 0.42 
Iihc-t : 13,1!.96 : 5c9 ; l l t+5  : I' 1.72 : 1.47 
; k l f ? l f c  : 46,240 : 4 : lie& : Ton :2/ 1 6 L 0  : 15.01 
itlr~).l.Fa S G C ~  : 3 ,278 :  1 ,4  : 179 : Lbs : 0.255 : .. 0 ~ 5 6  
~~ l f ,~ iLf? .  g ra in  : 32,395: 16.3 : 1.7 : Ton : 11-63 :.- " z0C3 

! . a  ( t  I )  : 32,?3? : . 1 : Y.2 : " : 16rW : 
& -6 7.32 

i r'-sturti - H~n~nldr ,  c tc :  19,050 : : Asre : : 11.27 :. -- 0.99 
I. P . s t ~ ~ r ;  -.r-in - 
I 

l ,  ' I-' I :  clg &>faif:: : 115,366 : 50.6 : ~+cx-e : : I :  6.04 
Corn fodticr i 1.07'3 : 0.5 : U.9 : Ton : 7+56 : 0.21 
3 i d m  : 2,336 : 1.0 : 2.6 : 6.62 : 

i 0.17 
Trac!~ & Vc&.;.blus : 36,2:0 : 16.0 : xcru : : 256~/,.7 : 41 .Oh 
Fru i t  : 13,273 : 5.5' : 1' : ld3.61 : 10.66 
Cott.on (1i;lt) : 40,275 :, 17.7 : -646: Bnbb8,: ?O.h3 : 13.54 
Cott,on ( s o d )  : 1,0,275 : 1"17 r 4 : Ton : 3i5.20 : -'2.68 
Kist. : L , 5 C l  : 2.0 : Gcre : : 141: .23 r 2.68 
Idlu Pr f'::llow : i l .073  : 4.9 : 

Total  c,crq:Xe 
cl-o?pi.d. : 455,561 1l2,/+l 

' Tot3.1 acreage 
irrii:..t ed --.-. . -- : -. 226,742 

1/ Crop;xd ccrucge i n  percent cf 226,942 acrss.  
I Includcs a11 s ~ ~ d  crops oxccpt a l f c l f a  soud md -11 nlisc. crops dxccpt cotton l i n t .  md cotton seed. 
1 *. . B ~ l t d  i ~ r y .  r r i ~ e  i . ; ~ ~ v r i ~ ; i  by E i Z  Curkfig r ~ ~ i ~ ~  ~ 7 ~ 7 - & & ,  plu3 L: b,iing c h ~ r g c  of $3.50 pur ton. 
f . 
!. 

Source: Bureau of Xeclmi!tion Crop ~ u p o r t , s ,  Sa l t  River Projtict; Arizona. 

--- -- 1, 

- , ,  ~ c -  - --.- - _U___ I-. - ' . > - .  



T r t l ~  25.- hnticilx-tcd crop dis t r ibut ion,  r l d l d s  2nd vr:luos, 
Hass~dnj7a Troj..ct, ~~rizoncl.  

I ---. . .  
11 i 

Crop : h C r u : l p ?  :!listrj.bution: -- Yi.uld Pcr l c r c  - : Price PLT : kii;ight,cd gross virlue -. , = 
: o r :  I I : f ~ i i  : u * i i L  : uCii iFriic,lt;& fcro ------ - 
: ( d l ~ r L ~ )  : : ( ~ o l l z r s )  : (Dollcrs) 

Ez.~luy 910 : 12.0 : 21.0 : c&'. : 1 . ~ 9  r 4.61 
(Irzin Sor~hums tit0 : 12.0 : 25.2 : *I : L j O  : 4-54 
iIl,c-:.t 350 : 5 , O  : 111.5 : " : ' 1.72 : 1.25 
1,IL'clf ,? . 2,31.0 : 33.0 : 4.6 ; Ton : 16.00 : 21+,29 
i.lf;.lfz seed. 140 : 2.0 : 179 : 1 . b ~ .  : 0.225 : e 3 1  

d f  c:.lf i gr::in : 1,1+00 : 20.0 : 1.7 : Ton : 11.63 : 
,, lf" If2, 

3.t 95 .. .. ( ; f to r  p ~ i n )  : 1,400 : 20,O : 3 .  : o n  : lt;.OO : 10.24 ,. 
1'1;tur~: - L;~r tn?C ' .~ )  ctc.  : 560 : E.0 : i ~ c r c  : : 1 1 , ~ ~ :  -90 
P;::jiu-;.c i:r:..in - "1f;lf;i :d 2,660 : j 8 , O  : " : 11,88 : 4.51 
'Jorr~ fodder Ill0 : 3 + 0  : 11.9 : Ton : 3.58 .:-- 1.213 
T~ucl t  &: v,+:et r . b l ~ s  : 1 , 0 5 0 :  15.0 : i i c r c  : ficr.c : 256.47 : . 
i?l.uit . I1 

38.47 
a 3j0 : : 5.0 : 11 : -18306r  : 

?f l<- '  
9.19. 

Cot4.m (Eat.) 1'1.n $!.!:A r B 13.n ; 90.1,3 : 
Cotton ( s ~ ~ d )  

7-65 
700 : 10-0  : 3 : Tun : 3'5.26 : 1.51 

.. 
iri-i..c:.tud L/ - --> 7 --.-- 600 -- - 

JJ- Cro?rxd :..crL:?ro i n  p ~ r c ~ ! l t  of 7,OL.O . - . c r~s .  
2/ 1 I . .  P r i c ~  r ~ : ~ o r i c d  by 3i.L during p ~ r i o d  1J)SS)-19Lll~, plus 2 bzling chr.rp of $3;3.50 pcr ton. 

Un th,; bcsis  of s t u d i ~ s  conuuctud f o r  the  C U I I ~ ~ L ? ~  1Lrizot1a i3r0jbct I n v c s t i ~ ~ t i o i : ~ ~  it wa9 found t h ~ t  
c.p:~ro:.j?~;.t~l;. om-hdf  o* l!ic . l i ' : l f s  z l d  twc-thirds of the  .ir:-ins, cxcluslivl; of grain sorgi~ms, 

u 

arc  :;clsiur~d amu~i l ly ;  t i ~ ~ s i :  p~rcont:.gcs wore u s ~ d  i n  usbin~c:ting thc: ?.cruzgo f o r  tho H~ss2.yznpa pmjoct.  
Gross p r o j ~ c t  2rc2 cniounts t o  7,5W z c r ~ s .  

Sourcu: S ~ l t  111v~r 1,1-0J-ct crop r b p o ~ . ~ s  f o r  tho y ~ - r s  ~ y j y  50 l y k l ~  inciusivc: provid~d t he  ~ z s i c  d - t ~  
f o r  proj-cting t h ~  anticip?.tdd use, ~ t c . ,  of t he  H~ss~yaiipa Proj-ct. 



An merage gross crop income of &out per zcre csn be e ~ e c t e c G  
which for. a not i r r i ~ ~ t a d  arc2 of 7,000 ccrcs  anomts  t o  r t o t a l  of 
@12,000 annual ~y. (Sea Tcble 25). 

It i s  ex>ecte& t:ie.t t h e  production of l ivestock and l ivestock 
prqducts wiii l l  3e  relativel-J 2.3 i n p o r t a t  i n  t he  t1asstya:p &ma, c;s 
it i s  t o  t.he S d t  Ri-rar Project. Cash receipts  frorl ma:-ketings of 
livestocic iivestoc!< ?rM'.ucis a r e  not a-railable f o r  t h e  Sai t  ;i?.v=r 
Froject, b u t  an inventory of ?urnhers clnd values of l i v s 3 t . o ~ ' ~  i s  alr l i l -  
able. T h i s  invei-5oq.r zives a$ indicat ion of t he  iniL:ortacs of t h e  
livestoclr i;uustr;'. 

iluring ?.he 2eriod 1937-13li.& t h e  average arinilal iriu-zi;tcr:. val:>~e of 
a l l  lpiestoc!; a;:mltecl t o  ;5,534,192, {Sez Table 26;; L'aivj a d  
beef c i t t , le zccw~nted. fo;. newly  80 ,ercent 02 t h e  t o t a l  value. Since 
t'ne i r : i - a t . 4  u z c r s a ~ e  2.veraged ?20,9+2 acres,  t h e  in~rentoq: v;..lu€ of 
1ivesttc:c E-..~ou;.~te;l t o  GSs.3a .an zcre . ki,-s1x!ing t h a t  a sini.la? s i l  uat- 
ion w i l l  c!.evelop i n  t1?.e ~I&Js&;~PI.~~R a?ea, a :ivestoc!r i lven iory  v&ue 
of abo.:.t $170,OCC 73.a.J be ~ e e c t e d  u : i  ;h 7,006 acrss  i r r i s a t ed .  

T.?e i n t  erse  s w x e r  iiea~. *;il.l ;:r 3kably :>rerent t::e ersa fro= 
aevelo2ing in to  z? in tensivs  da i ry  r 2,;io2, el t : loc~h s0c.a daifjln: 
b r i l l  -3 do&t dewlo?  i n ,  or:\er t o  ar?)ly t!?e iLJ:.criiatc r:eeqic; of t.:e 
area. Tilere i r i l l  !:e sls;.io flnis!--fee$ing of c s t t l e  fa r  ~ ~ c r k e t ,  2n1l 
some c f  t?.e irrizx':ed 3.2;. land > r i l l  po'sab;.~ be ~ s d  ic;. a par t  0:' 

t h e  yczr a s  pasture. 

!:Lt:~oc.gh the  p-06.u.ction of liv stoc!: a:..d l ivestock ;.roducts ' i i  
pro'oa'cly r.0: -li aor i ren t  ?ar t  i; t h e  s ro j sc t  eco:!or.Iy, it 5 . 5 1 1  

nevertheless be L ~ o r C z ~ l t ,  ecd for. :3ze fams it =a;? become a r:aJ?r 
enter: r i s e ,  

:;;.ric~,ltu;cl .. ?rociuc",, i n r - l~$ . . i !~~  livcstoclc ii;? li.'~cs$ock preducts, 
1 t o  fc)rced iyLto ccr.prtition ;j_t;: prodxcts cri&ir.:.ti.nq f r 9 ~ ~  tke  %lt 

1 ,  !:it!1 the stei.fiily in:~-;;asing populctl.an ir. tP.2 so~t . l l i r3  
Ca!.i!.-,raiz, cocsta l  regio::, the  r~sulti.:nt ir.cr~;.sc i?. clcm~.?d f o r  d.3iry 
prodil,cts, d f s l ; c  a d  f+.:< cro;.:s grot,x ir. tk; ilassa;-zz.;)z area  should 
f ind 2 re?.tiy ;r,~r.r:;ct i n  t h e  sout,h.'rr. Ci l i for f l i t  Co:.s: r.1 ;r;-a. S p i c i d i t y  
crops >;ill ;jro'.aSiy itovs t s  both yiesiern co;.st. m d  c;;.st,em mar!cets. 



-. 
i. 

: 1939 : 1940 : 19W : 1942 : 1943 : 1944 : Total  : 6 :Percent 
-. - - - ~- -- : Avcr2,~e : 

: 
Horses & i'iulus 

t!ul~bbir 4,996; 4,277: 4,071: 3,93E: /.!~ , 2'p : 3,964: 25,524: 4,254: .+ 

Vcl lu t ;  : 349,723: 299,390: 293,112: 326,8yjl+: ?i+6,516: 325,(J48: 1,9l+0,642: 323,440: 5.8 
B:cf 

N w ! ~  -r : 16,492: 15,639: 15,615: 1 G  ,602: 33,tbl: 20,5:,6: 122,195: 20,366: 
Villuc : 1,291,.,440: 1,(>97,i1+7: 1,371:,13(j: l,971,&12: j,'i'i8,666: 2,31S',8b'[: 12,035,694: 2,065,949: 36.2 

D - i r y  C c t t l i  
i~Jui.,bzr 23,036: 22,469: 19,3CO: 26,170: 2Cj07U: 27,294: 144,899: ,, 24,150: 
Value : 1,431,952: 1,11.60,4.:5: lJ6Ej3,C00: 2,512,320: 3,2$[:,750: 3,7(-15,979: 14,052,486: 2,3~2,0C1: - 42.3 

I S':liCp ,r::xgc fcGdcrs) : . 
, I;u:~bcr 25,312: 14,GOL: : 12,2C7: 22,408 : 25,lu6: 1 0  130,206: 21,701: 

vcluc : 116,ir?5: 63,'718: 66,964: 1111,170: 1'75,755: 258,022: :88,065: 1 3 7 , ~ l l :  2.5 
ij Hogs : - . . . 

P;wlb ;I- , , ,nr,  
I L ,  LIL" : 7 n nr,, 7 r L r r \  11 ,2 1 .  IJ, I Y L .  - .  > ..--. 1 . , 1.7A.  ,- 1 ~1~].5/+: 73,600: 12,ZCO: 

V>.l?luc 1 :  1 3 1 6 :  1 6 6 , l :  21:0,051: 0 :  177,695: 1,132,065: 188,677: 3.4 
Tur!c~y s 

Fiwnbcr 7,523: 11,936: 11,166: 10,422: 11,358: 7,123: 59,557: 9,9261 
Vduc 1fi ,:kc.$ : ?6,g56: 2'7,365: 31,266: 71,963: 43,806: 6 :  37,277: 0.7 

Fowl 
N u n l S ~ r  : 2E7,b8?: 267,2E2: 286,1,75: 260,1161: 2 219,998: 1,629,5m: 271,567: 
Vn!.uc : 2OoJ9L1: 172,369: 21l+,Cgb: 255,252: 34.5,G60: 263,998: 1,453,296: 242,216: 4.4 

Bccs (hivusj  
Ihrrlbcr 5,150: 7,419: 5,3C2: , 4,582: 4,647 : 5,174: 32,354: 
V ~ U L  : 14,163: 5,392: 

20,1+02: 6 6  18,728: Yi,GG2: 3 1 , :  127,965: 21,328: 0.4 
O t h c r  Stock . 

V-luc : l4.$,l;?Z: 2 1 :  198,975: 226,524: 324,717: 270,252: 1 1 , 3 1 1 :  . 236.219: 
Tot21 Sioclc v d u c  : 3 . 6 8 h . d ~ :  A4.6l2.6ci1: l+AOIJ 278: 5,783, 5.i7: 8,340,021: 7,394,651: 33,205,188: 5,534,195: - 
Tot21 irri!:-ted . c ru~ .gu  xi% p ~ r i o d  15)3971,451 226,942 L i v ~ s t o c k  invcnkory pcr irric:.i.e!j ..crt; 24-39 



The Phoc~rir, nc'brogolii,al crc2, :iickcnb~rg, Euckeyc, I;orristom, 
2nd othur small sc t t l e iwnts  t&thin t h e  im.~edicte crec  r r e  ~o ten t i : l  

I 
I 

l o c z l  mcrkits, p;:rticul,.rly f o r  dc i ry  a d  g o d t r y  ~ r o d u c t s .  

I n  t h e  bu l l z t i n  "nrizon;. .kgriculture, 1?45" prl;p:.red by Gcorge ?I. 
B u r  of the Univorsit7 of i~rizo??., it i s  reported thc t  durii:g t h e  lrst 
six months of 191~4 cot ton-clfc l fa  l a d ,  without buildings, in tthb 
Chadler  era. of tha S A t  Kivm Vzllo7 sold l o r  2.bout ii250 cr. Zcru. 
i i l fd fn-vc&i ; t2b l~  lcnd i n  the  Glendclo m a t  sold ?.t $2'75 t o  :,,300 m 1 
acre. Inforn-.tion compilud b;r!tbc auricu of hgr icz l tn rc l  Econor:lics 
of noncitrus lcn2 t r sns fe r s  i n  the  Sc l t  iiivor P r o j ~ c t  during t : ~  t h i r d  1 
qu3rter of 19L:.4, snows m ZvercTi s c l e  pr ice  of (i318 en ccr3 cs  coil- 
pcrdd .xi t'n $305 i n  t ho  t h i r d  qii?rtcr of-l9L;2; t h e  s;.le pr iccs  included 
buildinl:s a d  i q r o v ~ m i n t  s. 

I 

Frtm ch-rtcd infom.cAion i n  the previously c i tcd b u l e t i n ,  tht: 
S d e  pr:.cc of cotton-:lfclf:. lcnc? i i n  thi: Sc l t  IEVUI. ? r o ) ~ c t  f o ~ .  vl'..i~lls 
jrezrs w: .s ?:a f ollorus: 

D r .  B c r r  poir,',s olit i n  b i s  bul1::tin t h z t  t he  ? r ice  of lrrid i n  
t he  Sd: Pivei- Tiojact  i n  en:' give;: :;cr i s  d c t e r . ~ n i d  by t h i  p i c  : 
of crop-; i n  t h e  preceding 3'52r. Sincc it hzs cssur~ed t.hct 
cgricuL.;ur-1 &cvelop.:1~nts i.r th;t.Hcsfc.:~n:>r. Eras bz siiril-r to - 
t he  Scl: 3 ivcr  V c l ~ e y  r 'roject, t h e  lcnd v c l u ~ s  w i l l  1 i k e : i s ~  b t  
similcr. It i s  cstizzti-d t hc t  +t:l e c r r ~ c l  o r  long t i n c  v ~ l u i l  of l m d  
trill avm:rqo $175 9i.r :..crc, :ad t h c t  f o r  3 . 2 ~  givsn yecr t k e  v:Luc a f  
l?nd :dl1 continuo t o  follo1.r tho t r e r  ci of p r i c ~ s  of c r o p  groim. 

. . Ir:i.zkxi - r e e l  ~st.r.t.c, iocludicg: i , ? rov~:n~r . t s ,  i s  r . s s ~ s s i 3  ct 
=bout 30 2crc;nt of f u l l  cnd t r u e  v:.l.ut. Thu :ssi.ss& vc.1~~-t ion of 
1 m d  i n  licrico?r. Co~n ty  i r o n  1939 thrcu,?!; 19.44 hcs :.vi.r-.gid cSoct 

- $55 pi;r zero cnd .il5 p;r ccrc: f o r  in?rsvc:mcnts. Avirr.5~ t-x rztds  i n  
i.izricop.: cnd i k c l  C o u r ~ t i ~ s  F,r $ l C O  of e s s c s ~ u d  v-lu,:tion k v e  -i;t:;n 
cclculc.t*~d c,s folloz.-s: 



Tax I k t e  Per - 
i.;aricma Coul~tx Find. C o u ~ t - -  

1, 5.3h ;t 3.54 .. . 

19i;O 4-12 2.93 I 

1941 2 . 6 ~  
I 

3.55 
1942 2.63 1.90 
1943 ,2.84 1.74 
191A 2.79 1.57 
1945 " 1+.c2 1.66 

7 d o r  t h e  !lcss;~raqa er;a t h e  avereie t a x  r a t e  w i l l  probabl~r 
some;.fhere between t h e  r a t e s  given f o r  t h e  two couilties. In :~ar3.co:~a 
Cotxty t h e  rzkes a r e  t e z v i l ; ~  j,r;f:~encad 'by noii-fan Lmprove:%ants 

I 

wilereas i n  I'inal Cou?ty they a r e  iiot so hezv i i r  iEfiu.encei. Tiiere?ore, 
a r a t e  of cp3.j0 per  Cj100 assessed valuation - or  7.5oct $ 22.0 per ncre 
f o r  l a r d  and builcings - seeris reasor.z.'die. EOY other ?m?i-rt;:, a r:te 
of $0.75 per ;LOO of inventor27 vu!ue (oee-half of origirial  cost)  h3.S 
been estimated. 

I 

E:;tablisbzent oo i r r i g a t i o n  f&r:.&lg i n  t h i s  ;re2 '611 recUire 
~or ; ;~ l ' e t  e c?evelqraer.t, inclu6ii12: c1r:ering aqd level lng the l t cd ,  
constn .ction or' farm l a t e r a l s  mi di'  ches, en2 the const.ructior. of 
houses, b ~ m s ,  fsnces and ot'zer iriqr~.tv%lents. Clearing zlc! level ing 
over ni.,st o< t h e  r.rea can be acco:,,pl:.a:lei i;: ore o ~ e - a t i o n  a s  t he  
lands :;re s .?laiivel:~  snoot:^ sad are  :ovared prirn-aril:~ with c r e o s ~ t  e 

. . 
bush a id  1rhit.e sage. ::lG l e  there  is  sore  mescLuit.e, clemiilg w i l l  not 
be d i f  ?icv.lt. 

B:oause t h e  d r i l l i n g  of wells t., ?rovic'e d3nesCFc rfater ?:oulc be 
beyond t h e  f i nanc ia l  means of r,ozt -ospeckive s e t t i e r s ,  a dozestjc 
water ;upplJ7 s;-ste~. has '-em l;la;.~~ed 2s i n t eg ra l  ?art  of tiie :~l'oj- 
&cy, p l a ~  z.,d the  cost, i s  ii?clu.&ed i: t:;e t o t a l  proj'ec". construct'-on 
cost. 

General. The er::?ect.eci reyapear  a b i l i t y  of f a?:~:ers on t h e  p.0 j- -- 
ect  was esf inated on t l 7 . 3  k e i u  of f a ~ ~  kuudgeis. i. serLes of I:! bi:d,-;ets 
was .?re;~ared. i o r  i&.r:ls r z ? ? i ? , ~  i n  s i z e  fro:.L &C ti, 320 &cr:?s. T2.o crol- 
ping s;-sta.ls i;?clulled a l f a l f a  onl:.;, cotton o l~ ly ,  szverzl  co.~b:.i:a- 
t i o n s  35 c r o p . .  

I ihile it i s  iztir:ated ti;at bet:;eer, 5 and 1 3  ?e?cer,t of ?.he 21-32 ect  
area  :.ill '>e used for tl;e ;~roLuct.:or- oi' f r u i t s  a:u -:eg.;tables, ~L?I?;L?~s 

.were not pi-epred f o r  these t - y e s  . . of fan1  beceu~sz it  wzs 'seliev;.d. they 
would give i'. clis2orted ii.:press;.on of pz-obabls r e t c ~ s  z:& rr;ps.;z.~t-r,t . . 
ab i l i t y .  i.rnt~e.aent i s  us.lal?J ?.!?c- udeciciinz i a c t o r  'c+t:;ecn yrsfi-:. Lid 
loss ,  wise f luctuat ions  i n  gr ices  receivcd anc! costs of ?rodi.~.ct.ion 
cause clecidcd vzriationc; i n  r;turns fror? ~ E Z :  t o  ;:eir, ar:d ur.fc?re.ioen 
adverse co?tiilgrl;cies apprt r  t o  be ii?.?ossible of r.er.socz.b.bl:r ~ . c c ~ r z :  e 
mcasu-raent . ~it>oux!-. high r+:turrLs ar- o f t  en oijteir-sd, loss -s  -re 
not anco;m~o~~. For a r'ew p a r s  these t . ; p s  of f?.rr. ~ i a y  ba a'clo t o  :;&y 



high water costs  but t he  attendant hasares nake it aTpear cJ,oubtful i f  
t h i s  amoimt urodd be large--over a long period of time. 

Eases of estimates. The zassaj-ampa Project  area  i s  locsted only 
36 miles from the ~a lT$ive l .  Project hnd has sirnilar grovring coaditions. 
It was a s s u ~ e d ,   therefor^, t b a t  c~+o:s produced and farming p rac t i r e s  i n  
t he  pro jec t  area would follow closely those of t ne  Sa l t  River Project. - 
It was a l s o  asslmsd thh t  p r ices  receib-ed by farmers of the  pro jsc t  f o r  
t h e i r  ag r i cu l tu ra l  procdcts vrould be similar t o  those of t h e  Sa l t  River 
Project. 

1 
The r a t e  of $5.00 per  da$ f o r  comon labor was use4 i n  t he  ?re- 

parat ion of t he  farn, budgets. The farm operator was cowensated a t  
t h i s  wzge r a t e  f o r  tine ntmlber of days he worked on the far;n. Since 
t h i s  alrount was ob7io;isly not suf f ic ien t  t o  cowensate him f o r  hi.$ 
e f f o r t s  a s  bath laborer  and entrepreneur, the  farmer was a l so  a l l w e d  
a coq,?nsat ion f o r  h i s  mana%ement' e f f o r t  a t  the  r a t e  of 10 percen: of 
t h e  g r ~ s s  rece ip ts  from the  ferm. 

N 3  f lxed  sum ria# deducted from farm ezrnings f o r  f a m i l j  l iving.  
It was assmed, ho-  ever, t h a t  $I.,500 a yezr would be required f o r  t h i s  
purpos? of whicii $1,200 ir. cash ;vod.d be needed. The cash viould Se 
made a ra i lzble  from two sources: (: ) wages f o r  the  time he morkell, p lus  
(2)  cor;i;ensation f o r  mrnagenent. 5 .4  rexainaer of t he  $1,600 pio~ld be 
ava i l a s l e  from ( 3 )  $100 f o r  f a r n  p r  .vileges such as  a garden, anc (4)  
ren t  cn the  f a r n  &:relling a t  i t s  ac ,us1 cost  t o  t h e  farm. l/ If t'ne 
sum of t he  two i tens ,  .;;ages and rcan .genent, d l 6  not t o t a l  $T, 200 or if 
the f cu r  items did not t o t a l  $1,600 the  differknce vrhs allovreci Zs 
"balarce f o r  family l iving." 

lne  value of lann i n  the farm ras corrputed a s  the  sum of t h €  value 
of ray, land i n  i ts  present s t a t e ,  es t ina tea  a t  $S,00 per  acre, ar-d t he  
cost cf clearing,  leveling,  and ins5a l la t ion  of farm i r r i ga t ion  f ac i l -  
i t i e s  estimated a t  $75.00 per  acre, 

The amount of i n t e r e s t  paid 1;ai computed as  3 percent of the' 
investnent t o  l~ear~r,ar!< a fuqd su f f i z i en t  t o  cover i n t e r e s t  costs  of 
t he  f~rma-s  during the repalp.ent 2eriod." This amount was handled 
a s  a cash expense. 

L g r i c d t u r a l  conmcdity pr lces  used i n  preparing the farm butigets 
were Lased on fzrm pro6uct p r ices  rsceived by S & l t  Rivcr Froject 
farirers at  the  pr ice  leve l  t h i t  exis ted dcring the years f ron 1939 
t o  19114 inck~s ive .  It i s  a n z i c i p a ~ s d  t h a t  t h i s  p r ice  l eve l  w i l l  

1/ Rent on t h e  farm dwelling i s  ccaposed of the fol loxing itrms: - 
i n t e r e s t ,  depreciation, taxes, and r ~ p s i r s  based on tha r a t e s  
given i n  Table 27. 



' approximato the  average f o r  ',he repayment, psriod* Ln exception was 
mads i n  t he  case of a l f a l f a  hay because of dou5t as t o  vrhath~r baling 
costs  -tiere insluried i n  Sa l t  g iver  Project  pr ices .  The price uS6d f o r  
baled a l f a l f a  hay was cpqx ted  a s  t he  1939-A averaze pr ice  received 
by AYizona farmers f o r  loose a l f a l f a  Day, a s  rsported by the  9ureau of 
Q r i c u l t w a l  Economics, plus  an e ~ t , ~ i & t e r i  cost  of baling. Prices nsed 
i n  t he  farm budgets a r e  shown i n  Tabla 2 7 .  

Tabla 27 - Prices  of hgr icu i tura l  Products 
r e c e i v F  by farmers, 6-year 
averago, 193-411 inclusive. - 1/ 

Item Vni 'c  Price Per Unit 
I 

I 
I - - ( E l E s T  

Alf a;f a Ton - 2 1  16.00 (balcc ) I 

Alfalfa  seed 

Bal l e y  

Col t on  Lint 

Coi t on  seed 

Lb. 

mvt, 

Lb . 
Lb . 

P2:.twe (grain & a l f a l f a )  kc r l  

I/ Bised on average pr lces  rzccivtd by S z l t  Rlvsr Project  farme's - 
d x i n g  the  period 1939-19hh, i r  c lusivr  (excep', f o r  a l f a l f a ) .  

2/ A-rerage pr ice  of loose a l f a l f a  hay as  reported by the  Blrreau of - 
A:ricultural Economics f o r  t h s  p t r iod  193$-194)1,. inclusive, ::lus 
a1 e s t i ~ a t e d  'calicg charge of ;:.SO pcr  ton. 

Kields per  acre vrdre based on zvcrage y ie lds  of vsrious cro.?s 
in  th3 S a l t  River P r o j ~ c t  for. t h e  !,-year per icd from 1934 t o  19ki 
inclusive. Averzge yiclds  ussd i n  t h c  farm budgets are  shc'vn i n  
Table 25'. Unit r a t e s  and misc:liancous items mad i n  the  calcuia- 
t i ons  a r e  shown i n  p 9 l e  28. 



Table 2r. - ['nit r a t e s  an2 riscelianeous 
i t e m  used ir. farm tucgets. 

A-- - 
v 

I t e n  , [$it Ccst Fer LrAt 
- 

Iiirec lal;or Iiour ' 3.50 
Fic::ing cot ton Rit. of  rzv cotton 1.50 - i;al.inf;  ha;^, pj.o:c-up ba le r  

'P Ton 3 50 
Ginning cottor. Cwt .  of l i n t  0.65 
Fuel, o i l  an6 repa i r s  on 

power eq,uipne~~t:  1 
' , b e 1  t r a c t o r ,  10-15 L!IF b u r  oyera.te6 0.3C 

I 

Auto :'.nnu:.l cost ,  f a m  share iC0.O:: 
Aepzirs o ther  er>!:ipnent : I 

G- sera1 f am r.~acbir;e:y ;1.@0 ~f o r i - i ~ a l  cost  2, :U 
I ,e;:cl. of autg) 

Fam Lbilc'inys 11 II I I  i . C O  - 
~epreci~tlon ra tes :  

TracLor ar.; t r ~ r d r s  II II 
17 :C.II~J 

Ger.er;l f a r ~ i  er ci-.;;el:t 11 I I  I I  7.01:. 
T?rm tui7chrrs I t  I! 11 2-53' 
F z n  avto F a i ~  3:lare 75.0 ? 

Taxes : 
F i  3. la!lcI 3rd b l i i l d i n ~ s  !.ere 2.5: 
C t  her p re~e r t :  I/ :;lOC of ir.ve;;t~:; ;.a?,= 0.7; 

Generri! n l s c .  e y m r e s  
(6-cl. of  i e ~ r z c . 1  :~CO 3f 0ti;91' exyer-:ses 5.C: 

Tt1res:~i.r.c i.cre 1 C .  
, . A \ -  

Other cron ex-e?-.?es: - 
I - i n ,  storin:; 

am: Insect tre3t;;e;;t ;%CI'E 7 . r ~  
E.lrle:r u l c  a l f a l f a  see< - 

szcks ai-.i tr"i-iie C;& . C.1.25 
CLeaniri-; a l f z l f  a seed C + k .  ?.(O 

T 
II'ISC? '_:1c9: 

C 3.1- Fax  ;:lare i2.:C 
kil,ti~.,-s, ~ ~ i ? " c ; ~ i ? e ~  

a d  t racir l r  - 1/ :1Q( or' ir,ver.tory -;al::e I.. r0  
L A ~ C I '  (hired) T'er ;1CC c f  c l s i  2.26 

Seezin: r a t e s  : FOUILCS acre: Cost p e r  .':ere 
;.l:alfa 2C L: . ::#S 
E ?r.le:r ~6 l.hG 
Cotton 50 a 1 . C O  

--- 

' Inventory value i s  one-half of t.hc c i - i~ i r i a l  invest;rsi:t.. 
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:ha]:-s;.s of farT bi:ireLs. Tila hvlgeta irc'icatec t h a t  the sirs  - - 
o f  a :am] kac a rrond;mcec effect, v ~ o n  it.s ea;-r.inrs. , :~ la t ive  e-.rnixgs . I . - - 
a r e  il?.ustrateL; bl~ 61falfa f a i ~ s  of VC~LC.US s izes  i n  t h e  follohing 
t abcla: ion: 

- 
:;et fam. income i n  

IU~st,r&t",e do l la rs  per. acre 
Lizrs  of ialrrs ir acres cronpsl 

The net farm ircup.e per acre c r o p ~ e c  varied Lir'ect2.y rrith t ke  s i z e  af 
fern, f;.c-r. "15.57 f o r  tlle /C-acre I z i ~  t3 :33.3n f o r  t . e  22C-acre fa:?l. . I +: .. 1,cr. c1 ovei LOG ?erceri?., ..:e ~if:er%nt S [ . L ~  3ecavse o f  t L 5  s t;ii e v-1%" -1;' 

~rov:s v: ?re stui',ei inCivir uc.ll:, 

.'Atkorr!l t'le fa171 k.2~ F B ~ S  ir.i;icai e ttl2.t oiie-crcp a l f a l f a  f a 3  :s 
p r o l ~ c e  Lreater r s tums  %;?::I ckher e.: :c:.s:ve c x ? s  r r  crcp c~ia',ilz'.in-- 
ti.o,?s, 5 . t  i s  r o t  e . y e ~ t . r : .  -L:>:t r ; r - s c ~ c t i ~ n  5% t h c  q;oj?ct ai-?a :ii?. -32 

confiner t o  ?. ane-c:-op t.;y oi "21~flii-i- . Iuc.  e$s i i i~;t l .~tFile -~ ~ e 7 ~ r 3 . 1  
c iyyin,r  syst.2 s ,  f c r  : t a ~ l e  ci-a?, t: er2:.'0;1.e, ::ere ir;clucsG for ee:l: 
of t e  i d  I S  e ?  t r e  - ??C-acre .- r?cs?s. 

m. "-1 in.:--+- 
1.11: ?er ecre r~t,:rii i@ ~ r i . t ~ r . ,  le: . i ,  -.. -a .=c ca~ i t1 .1  Per tach 

cr3!~i!%. sysrelil tolet;;-r ; i .th tL7.e g.ve:,:.;e for etch s i z e  :roc? i.s si:>r.m 
i n  ';a'ol,l 2 P .  

%ble 2r.-.'.wrz:j retrirr! ;3er acre $0 
.Jct.e:., isfir., iii I:!-'zY?E; 
~:apitzL 5" Size cf lzr;. G:ouys. 

- ---- -- 
'T-pe o f  F9.m. : LC, .'.c?s :CO .'.cr;. 0 r e :  1 0  r e :  320 .;we 

b e  G - r e  1 .  . n  1 - -5.2: ~ r - r  ? C X ~  t.? f r c c . . ! ~ ~  a n e t  
return for  \:ate:-, lad, a?< ir::rester' e;?ital. LSB %':;lr: 3 C .  .'.E ,?;f?.lf= 
is ;.lore yrof l ta- ; le  tl,m t!e ci:ier t . 7 . 2 ~ ~  a A ~ i ~ - L e i ,  it ;.s cc~iclurec. tiist 
LC-acre f a x :  i n  t!:is a r s?  artl t c o  sz,zll C c r  :~cczs:fcl : ~ ~ ~ i ~ c t L c : i  c: 
ert,er.sive crops. Jct ES ::ie =-.a 5s s i i i : i iar  ts t!:r .;&t ,,-w?r '-'-- I :,c:?:t 



rhere  vegetables ar.a frui . ts  a r s  gror-3 t o  a iarge & e ~ i ,  often on 
s n l l  i ax~ i s ,  LO-acre u r  z ea l l e r  f a m s  of tl1i.s t;<~e zaz be c . ~ e c t e i i  
t o  be establishec' befcrre t!le plajec,t has been Fn opsrat icn r:aEd- Tears. 

- .  - ------- 
:.uc-: :Cetur:~ t o  watsr, lard,  & : Lzbor F;eculrm,er,ts 
c e t  : Size and T:+le of : c a 7 i . a  2. ---- 
Go. : Farm : Fei' Lcre : 
-. :' ~ c t , z i  : C~osne i  a :Orsrc..tor: b'i-ed 

( i o i l a r s  ) : lJ ( i h  Lays) 

1 : 1bC. acres - 
a l f a l f a  : -. 220 : -5.C5 : ? I :  e l :  0 

: PC1 I' I 1  

:1!?(1 " 11 

( 11 I 1  

2 " !I 

: F(: acres cct tzn . cc . .. " c o t t m ,  
e l f  a l f  a 

: C O  acrzs ccttcr., 
: a l f a l f a ,  ha:-1s:- 
r10I' acr9s c ~ t t 5 : l  
:lo' acres  ccttcn,  
: a1L"alSa 
:1b' acres cot'an, 
: a l f a l f a  
:I;;' acres a? f a l f a ,  
: a l f a l f a  ssei', 
: cottori, bar:e:. 

4Yu,l<ats f3r tl?,? F.p-.-cre f~2p . s  s;1-w an e:-:ptcterl aver-ace r s t c rn  to  
ki-t W,  l i- ;c ' ,  in-jes:-C c.?:ftal cf .23.?i ~ e r  acre, r;:i<ch i s  G rc3scn- 
a l a  v f i .  ( e  l 2 .  f&rr.sr cen c::srate an Cn-acle 
alfalf:. farm iri?P.c~it. :;F:~in~ octsic'e :i',-sr :x.: he !ell .rc?k onl;. aircut. 
i X  . >.... ;., .-.+ - L s d  .J?' tiie :-ear arc' earn a: :-rev.-i1i.c~ :.?.;s r;t?s o!?::T €25 
i c r  5 s  labc:-. Lz<; -e i  on t:.- k-s i s  c7 f:le f:,rnar cy?r2tLn::  t':c f a l l  
~&tlm-.t !ij.r.ez; aa::ist.arlce, tl?:.~: i s  .-. t .me f p:!Ll;- :ZIT. ? . ~ - l l ~  scff:.cier t 
ret12.r.n to IL:~:IE- a s~~ist;r.tia'.  pa;.re::t I'cr 7 : a t ~ ~ , .  It l:xs $ 1 ,  il?acv?..i_;;t,a;e 
of i;ee-in: t:-:e fs .mer  t.r-,;c:'sc or.;; a.,cui, 2al.Z tiiie. 

r 
L L ; ~  1CG-acre fzr:.;s nx.per?re I".?!& ?-?r- ?.cm retur;i t c  iizter, l[.nc, 

ani i.?.-restel cap i t a l  o r  7..2" n e r  RCT? xc,~i.z ti?a~i tile i'C-acre f ~ r z .  
(29.3 rI.a'r.l~j 2C1. Tli+ ~ C C - C C ~ ~  e;,f3?-fa <-?:-r! ~.ecyir-:f Zriq ;.x:-t 3:rs sf 
12bcr c,f ~,ck~ici: ?.he inr.:e:- coil.< Co 25, ';lrstA!f. (;.es Ta.'::le 20; .  A 
farxer  ,.,5t>. l i t t l e  i i ' l i q ~ : l ? , : -  c o ~ ! l ~  o7orat.e <!?is fjf:i -"bui.' . .,I, ' :mIr ln~  ' ' 



P l a r .  For his 8 nonths of labor t he  f a m e r  rroulci earn over ,j1,000. 
The l0C-acre a l f e l f a  fm. is  a fz6;y-sized f a i n  ;.,hich p e r , . ~ t s  t he  
f a m e r  t o  earn a ccmfortz?,le liiring bj workir.,: about t . ~ o - t : ~ ? r i s  of t h e  
ti?.@ an6 allorrs a aoma'iihat 1lSg:ler payxent for  xatel- t!i= the CC-acre - f em. 

The 1.6@-acre f a k s  rive: ari averwe return t o  ;rater, l:nE-. an t  
i n v e s t e ~  c .z~Fta1  of 20.40 par acre; s l i g P L t p  over :9.00 nore than 
t h e  100-acre fa r~ . s .  Cn t he  16';-~.cre alf?Lfa f a m ,  tilo fc.mer 'DC?.C 

pe r f cm 2?1 days of l a t o r  but v~r3.c'. have t o  h i r e  tr;o nan~nozths  c?. 
ortsi.Ce lako?. For a>.cst 11 nonths f i i  :or!: on ni.s f n m ,  tile farmer 
~ i o u l ~  earn over ";1,1+00 i n  wage&. fn l e s s  r? I,?m.er hzs cilildrcn cf i.:orl;- 
ing  eCe t o  e s s l s t  i n  t he  fzmi <?ark,. this fam. sc~;,~:t;lat e;?ceeL's a f?.ziU 
s ize .  X t  p e d t s  (I l e r ~ e r  y p e n t  f o r  water an+. fnrn.'.shk?s ? rac t icc l ly  
f u l l  e:g?lc:rc.ont f c r  t h e  fnmer .  

nit: 320--..ere a l f a l f a  fe rn  siio?:ec a re turn t o  water, lmc', 2nd 
ir,vestov:: cz.p.pit21 of ($26.23 par  sere, iiii.;:h i s  $2.30 par  acre nnre < h a  
t h e  160-r.cre ~ I f z l f a  fama 72 i l e  t > e  ?>d-acre f.?.m. ?cr~3.ts  tile fzlmer 
t o  ecrn over ljl. 5C3 2.~nca?'-~ f o r  h i s  1r:oor on t::e Tam, it .t:,roulti r C ~ l l i r e  2 : ---" 
of llin +,rreJ.ve 2t.-cp;r mo~ths  o r  12,b.~or td.dcli i s  gcnerP.liy i2Orc t:i.*n C 

f x n c r  c?n parTom. i?~,t:t:!er--lc;r-, it req~.ires tho id r inz  c f  c v i r  0 r .E  - rn2S-yez.- 0;" olitsid-? l a i o r .  -ecz~:sa 1 :is inFI3r r eg i rm.en t s  so grea t ly  
exceed :he 2 w q ~ 1 u n  0; xorl: th-t could be ~icyfo~::eC 5: tiie f a m e r  i t ,  C 2 n  

horrzy 3e ccr,siterec .a f z-ily-sizeC f ~ 1 3 . ~  p.".l,ho~?gh its i-eturr. i s  Sc me- 
 chat gr?.eter t:?m t h e  165kc ro  f: .=... 

Lemr rocuirencnts f o r  cct',cn a!:?. coi;ki:?.ticna of cotton x ! C ~  ( t h ~ r  
, , .<r tiim tho;$ :or ?.;fK:lz done .  .": f::~i.L~~-sizsC :an 0: troy z;e lii:?:" 

these typas, bp.stc! on i,he rr~aufil 0; :',-.IT. ::or? tk2.t cooi~li 'cc ~ e r f o n ! e d  
by the  ~per.?.tor, z', l e a s t  u.ntil i-.ar:.t:st, r:oulL be s s d l e r  tL?:m ?P- 
a l f  2J.f C, f ?.El. 

-. n~r r_ -nen t  of ccp-truet<?n el!,?. . . r p s ,  I n  the l n t c r t s t  of fu rn i~h in i :  
f ~ n l ,  hsi-.cs for  tl:c? 0 -.re;t-;;t ::up.:~er 0.: prasycctive fr,-.rr~ers, iihilc- 8 - : i l l  
ncintdpin; :  ? rez.son2.3ic rc?::;~c;nt r.',ilFt;. yer ,?ere of f.".l2 lzr?CJ <t i s  
recorin~nc'cc: th?.t P, ccciccd e f f s r t  bt  rC,?2 t o  encourlgc: f-.m.s cf t o  . . ~ c ; e s  size.; . ,li.li: it i s  Le!i:;vcti, th-:; f nlc of t>;isL sizes  

, -_o-nizcc; +.i-,?t 2- fcw l?rgor  fcm.3 ?:;i shou2.c' yrudcfinztc;, it, i s  * . c L r  

somt- i r t a s l v u  sr:;.l$cr f.%+?s T . ~ E @  $.iL:il b ; ~  ~ s t r ? l ~ l i s i ! ~ < ,  t l t : ? ~ ~ ~ h  t i 1  . l7 . 
siiotilc k e  zucli l ~ s s  p.ultours t h n  t1l.- ct:.i~-:.-slzti snos r~corF.  c.i.cctl. 

,bQ I n  tiic cs?p~~t::tion of , ~ z i - - y e  ruturn t o  1i.-.ti.r, :-:.;<.J ? r d  < n ? r ~ s + .  ' 

c i ? p i t l  t : i ~ s ~  f -.cturs r.ii;rc ",r3cSn i n t e  c o n ~ i c ~ ; r ~ ~ t i ~ ~ - . .  !.c~orfin,:ly? 
tk.c [5-.-:1< 19C.-zcrc f 2 . r ~ ~ ~  \.<re -ivGli nric cr?j.r;,-.nt ,,:;i:i?t. A f ~ y ; ~  lh!?- 
p.crv f r c s  >;ere inclu<cGd i;o co;:rins:.;s; f p r  t i i i :  sozi>r':,-.t r:r,'t.ir rc:.UrnS 
ti-i?t y i r h t  rcisclt on l r . rzLr  :E.I;.s -nl or, -,?. n l l  in t i r . s iv i  f-.ms. T::c 
foll.c.c;ir.~ r d i o  .::.s t : lGriiorL uzc'd k;t~:t ;n CO-, loo-, ~.nc' 16C-?cr~ 
fp .~ . s  i . i a ? ~ ~ < i v . ; ~ ,  2 : 2 : 1, T;-.b1; 31 i f i i j~: tcs  t h ~  ::..~;:cG C f  C3ilnU- 

t:.tion cf  tins <-.vzr:.gc re tcrn pzr  ZcrL f c r  tl:t pr-ojict ?xi?.. 
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r ri?.son?bla l t v t l  of i n c o ? ~  f o r  thc  fc.m i'?ri!.y  id clso n - k ~  ,-. sub- 
st-nti-l coatr ihct ion tai.r,*,rc' ruyyr in ,~  ir'ig-tion construction co.sts 
m d  thcsi. s i z i s  h c v ~  b ~ e n  r~com;~nLed.  It i s  r e l i z ~ d ,  ho;iiv-r, thn.t 
dl f<?.ms on till; p-oj . .ct nri7.l not confom t o  t h i s  r;;co2m,i~ndction.- IP. 
cst;n.?.ting t he  nu~5 i . r  of n~.;r f :m ~Q-.ILS th- prgjcct  would p ~ o v i d c ,  it 
br,?s ?.Ssu~vd th? t  CO- w.C 190-.r.crc f?i:?s r:ould constitute ?.bout txio-tliirCk 
of tl:" t o k l  ?.nd th?t t h i  rcr- . ir inc t?irc: :"iculi b3 COC.POSCC? of Sonc 
l ? . r g ~ r  rnc: ,? f u w  s?1?1l~r  f?.ms. It i s  istic?t,d, th?t  $0 nLv f 2 m . i ~  c?n 
bc provide<; t :?~ cZstribution b ~ i n g  ?.bc>:t ?s follows: 

?,s izi<ic.-t~c! ir t ! ~ ~  t,~,.~~:l:.t.ior? ? +'c.-nt of th; f :.:%s r-ould ;t. 

CC-, I@['-, ?.d I&-c.crt. fins ~ L t n  b L  p r c a t  of the  I C -  mri 10C-?:r~ 
s izes .  Ti?i. sr.?ll i n r s  vculc' coc??i:+ 20 r.brcGrlt of t n -  tot.?.l. 



~ . . _ _ - _ I _  ----- -.___-- 
:Lr.ncni : F:.*IE: !ro<.uct ion  -. : -- : rc,d1:cts . o l c  - --. - . Crcps : .c,ts: ..c.L'I.: , . . ILLLU : 

: l g s : l  n i t : ~ w  s c r c :  Total  : !.mrrunt: 1 r i c e  : Vnl11e : ---- C u ~ r e n t  ?.nn ~ ~ p i n s e s  
: ( ~ u l l z r u )  : 

;,lf al.i'a : 3 0 :  66 :Ton :  1,.6 : 1 3 C  : U8 : J-6.00: 2208 : s ~ e d  
:Acre: 

$ 32 
(.il f.?l,l::! yas tusc )  : (I.?): : 1 P  : 18 : 1 .  : 211, : Labor 

A l f  :l?.f .?. (nev:) : 7 :  1 5  : T o n :  2.C : 14  : 14 : 1 6 . 0 0 :  2& : Operator 
Fanns iea i  : 3 :  -- --- : Controct machine 

405 
53 2 

To t.ll 110 P l  -xgc-: 

- - - : Lute " lJ 1co 
: d l o c t r i c l t y  

Invcstmvnt L.ays !,ci.>;: jlwnninw 
1@ - -  .--- .- - l lepr~im: 

u 
Lmti , i32OO : Total. 1'1 : ht; 'ct f:in!i inccme :i57!,; 
EuilL'in-s Lui1Gilil;s 

5900 : Opdmtor il l  : Less: - .  Iiz.chincpy ' 
56 

m T~~;,cio:. 
)u .. 1c00 : ]Pirt:d 0 ?'i!nn~en~cnt. 365 : T;:V.?$ 25' 

i;nciliner:, P* oruip-  : Ccntr:lct 0 : l i < ? ~ ~ r . n  t~ %rr , tc~~,  land 
107 

merit i.nec . : Intu1,est 
: C cnpit:d. 311 : Insurence 3 21 

Auto 1/ 500 . . : 1.c:;~ h a l ~ n c e  f o r  : f;iocollaneous expenses 65 
:I 07C:O . : I?ziil:y j i v i n g  86 531 : L'precintions: 

: LOSS -220 : zx,i:.dirJgs 
: : ,me pi:r c c r e  - 5.95 : 1.achinury 125 70 ------ Tractor  100 

FTPI~~?.:; 3 i v i n c  
dillto lJ 75 

Labor $405 : Totc l  f ~ r m  expanses 
l . ~ x i n ~ e ~ c n t  264 $2170 

Sut!t'ot.d >L69 
lient : Receipts 

355 
100 

: Crops F a n  p r i v i l e ~ c s  -- 
2646 

. : Farm p r i v i l e c e s  
~ ~ 1 c 4  : Gross fann income , 100 32746 

D3-.l.--tce r cqu i rcd  t o  : Less !;?.xi e->enses 
providc $1200 ccsh 5 2 1  : Net fcrm income 2170 

m55 $ 576 . . .  



Cudget 1.0. 2. - An CC-ctcrc nlf?.lf:: f a in  :'t rr,?.turo cicvelopm,mcnt. 
Hnss.~,mp?. I'roJect, iirizonn. 

- 
:Land : 1;r.n: Froductisn : froducts >old -: --.- . - ----- 

: Y i.old : Crops :~~crcs: ' .~cr~c: 
. ; - , ~ ~ ~ & l ~ & ~ - ~ ~ : ~ ~ r  ,,~.cr::: T s t n l  : A s t :  rri.cc : Vcluc : Current Farm i;;.cnses - 

: ( l .oU~~,rs ;  
L l fa l fa  : :,0. : 132: TOIL: 1.6 : 276 : 276 : 16.00 : 1,416 : Seed 2 6.7 

(Alfnlfn : (35): :ic17c-: : 35 : 35 : 1 .  : it16 : LC~OX': 
!\If -.If P. (ncw) : . I 5  : 33: Ton: 2.0 : 30 30 : lb.00 : l,80 : Oper?.tor 825 . 5 :  F;:rr?st c,?d -- -7 : Contx,act machine 1071 - 

Totc.1 EO 1b5 5112 : Tractor eqensr! 131 
: Auto " lJ 100 
: 18,l;loctricity I/ 10 
: lic,p?irs : S. 

EuLlfi~igs 50 
1i:lcllinery . Trxis 

25 
kvcr:?ge Fzn,: I n v c s t ~ c n t  : ?a;?s ~,br lc  : Sum?ry 209 

-- - : In t c re s t  417 
k i  - : Insur;.nce . . 65 
L.2 L N ? ~  :)6!i.c?~ : rp?f ??. ?/>J: : t f -m inromt+ :'\I 021, : i l i sccl lmious cs,.pmse 

n 
14C 

,,uildingti 5CWJ : :perator lC5 : 1 , ~ ~ s :  : Lcprcciaticn: 
Trnc t o r  1 0 0  : Hired 0 : I';m:lp,cn~cnt 531 : Buildings 125 , 
l.nrt~<.nur-. ?L cq~ ipmmt  l O O O  : C o n t r x t  0 : .:vcr.c~c rcturr, t o  . . 1.i~chincry 
.;uto iJ 70 

!,GO : : >t::.tcr, lmci 8~ c a p i t d  $1393 : Tractor . , 100 
Auto 

Tot ,-.I ';2?00 : : Smnc per acre 18.57: 
: Tot$al fnm cxpcnses 4348s . 
: Rcccipts: 

Crops 5312 
Fcm privi lezes  100 

: Gross f.?m income $5412 
: Less fcn.1 expenses 3486 

: liet fcrm inccmo .$1721r 
-- . s!: re. , '  



I:r6cct, ?lo. 3.  - IL 100-qcrc filf?.lf:t farm st nlt?.t.ttlrt, tevolopmclnt, 
 lass^. r c  j c  ..r;zo~in. 

. 
: s n i : : r  r Totcl  --- : ~:n~ounll: - 1- r i c e  - : V.-llw ------ : Current Ftn.m lhq~cnsos ,. - - - 

: i d  U L i , x S )  : 
: 76 : 3.67 : Ton: 4.6 : 350 : 350 : 16.00 : 5600 : hoed 

: Curii;r~.ct n:-.ci~ino 
: 1 ' r ;x tor  e;;ninse 
: Lute L/ 
: glt:ctr.icity IJ '. 
: h;.p::i:.s: 
: 15$Llii11gs ---- . - -. - -- - - -- - - - - .. - -- ---- - : ' l ~ ~ c h i n c r y  

- : T r x ~ s  
In>.rz3t.xLri; - ,T.%T,- ylc5.d. . ~ m i ~ n r r r -  : I n t o x s t  . -.,, . 

-- --- - - - -.- -- - : Irlour-.ncc 
: i i i~cc ; l l .~ lc ;ous  ap.cnsc$ 

Land $PO00 : Total  20'9 : fn lm income $2702 : L e p r ~ c i ~ t i o n :  
Dnil di.rrgs 5000 : Cp?r?.tor 206 : Lcss: : 1A1ildings 
Trzctor* 1000 : Ilircc? 3 : I ::'nnk;c;ncnt 677 : ' l-;nchir~cry 
I l n c l ~ i ~ t r y  & equipnunt 1000 : Contrcct 0 : t\vcr.af.u r c i u r n  t o  water., Tr..?c t o r  
~ \ v t o  lJ 500 : : l:md & c.?.pit?.l. $2025 : Auto &/ 

: 'iot,31 f a n  expenses 
Tot21 "Il>OOO : : Si3mme per .-.cre 21.31: iicccipts: 

: CLOPS 

: F.7.m pr iv i l eges  

: Gross f7.m income 
: Liss fnrrn cxpdnsLs 



--- --- 
. : T I  : Troiuction : l ~ r o i c c t s  Sold 

Crops : , \ c~  GS: .l~i"l, : . ;ic.d . : . . 
s l - ~ r s  - , ' r ! i f  .n..r irr.:. 'i'ni.-1 . ':mol!rlt.: i'szicc : Vr:llle : . i._*._- - -"- . . .- Current F:.rn k . p ~ n s i s  

: (i01i::i~s) *: 

~cl.f:~.l.f~. : 1 : 2 ;  : o n :  h.6 : 561 : 561. : 16..00 : $9'76 : Soon 135 
f : t u r  : (75): : :..crc: : 75 : 75 : I1.w : : L?:>ur:x 

1 :  (nu\r) : 3 0 :  L6:Tari:  2.0 r LO : 6 0 : 1 6 . 0 6 :  $160: illrbti 26 5 
i>:~.n:~st ~::o : P :--: : O ~ ~ c r ~ . t o r  U 0 5  

Tot ,*.l 160 l0C27 : Insurance 6 

-- ---- -- ----------- : 1nsur.-ncc: 
> : 'iisculi?iiuous bxpinsc;s 

i ,md : ; ~ ~ c c o I  ~ o t : r ~  1 :  I.'<,t fn im i n c o ~ , ~ ~  ,:,k?61+ : i)eprccic.ti.on: 
Gu:ilCinr:,s ' 0 :  t o  2r1: Lisss : : Liuiliirir~s 
Tr.?ct,or ICOC: f!!.rucl. 53: I !:?.n?.gi-n,cilt a i1zcliin~ry 
J r?c:.irl~r;~ i ~c;uipri!r;n.t IOCO: Ccntr;rct 0: ;;oer.,- , i . c .  .. re turn t o  Tr,-.ctor 
i.uto L/ 500: -- : w:!t ~ r , l ~ n r '  & c.-.pit ?l 36p1 : Auto &/ 

: Pot::l f n.rm expunsfs 
Tot 21 $20jOO: : Same pcr  x r c  2ik.22 : i ~ . c d p t s :  

: Crops 
: Fzrm p r i v i l i g c s  



+ + 1 ..:-., - ;; S'J ;::iiit;i:,\ ; :.<i-,-. Tc,L:..;. , ,iz. .A:- . . . -- ~ . '?:212r, : . _ _  I__I_- ----- Current Fxrm Xxpcnsis 
. . : (L'oll-rs) : 

>.li-?Sf?. : 2l+: : 539 : Ton: 4.6 1127 : 1127 : 16.00 : 13032 : Seed ,i 270 
: 152 : 152 : 1.1.FS : 1r06 : L?.bor: (/,I ?<-.!.f~ p*~tllr i . )  :(IS?) : :!Lcr~: 

A1 f?lf,-. (r~:!!) : LO : 1.32 : Ton: 2." : 1 2  : 120 : 1b.OC : 1920 : t i i r ~ d  1795 
I?r ins t~. .C 

Tot .I;L 

I 'nc!linlry & ecpipncnt li.'i'O : 
Auto 1/ 500 : --- 

Tot .:l 

-. - 
: !.'~t f -nn incuril.; .;lo176 
: L,:ss: 
r 1 ;.-n::ga!cnt 2176 
: .\vbr:~gu rdturn t o  waterL 
: l w ?  82 c n p i t d  ':;SO00 

: h n ,  per  ncrc. 26-22 : 

Insur:mcz 
i . ~ i s c ~ l l : n ~ o u s  expenses 
Lc~rcc i a t i on :  

EuilcLngs 
i;:;ci~iniry 
Trnctor 
Auto lJ 

Totcl f::m c ~ q ~ n s i s  
R ~ c i p t s  : 

: Crops 
F :n p r i v i l ~ g ~ s  

: Gross fcrm incomb 
: Less f?rm oxpinsis 



~ ~ c , : ~ t  I , ; ~ ,  6. - f,n c~-,-.cr.; cotton f?rm zt ~ . t ~ i r ~  ( L V C ~ O ~ I I L ~ ~ .  

I!::as:\v:s:;p.: 1 r t i i ic t ,  .il.izcnr.. 

Cottori ! iiit, : 75 : 660 :round: 423 : 3172.5 : . 31725 : 0.lb : 5711 : Scud 
Cot,tuil SLL : (75): :row<: ?60 : 6&500 : 61k50C : 0.0176: 11-35 : L:.ber: 

: F2rm privi1cgc.s 
: Grosa f:.m inconc. 
: Less fr.m c.xpcr,scs 5765 - I:,+ f cnn incomc. ~1561 

IF-rr. shy--. 



- 
Dudget No. 7. - lin 80-acre cotton and alfri lfa farm a t  mature development, 

F!assayampa Project, t.rizona. 

, ,  

~ M d u c t s  hold I'rorh.1 ction ' 1  - : :-A - - - _- . -- : 
Crops : i . c ra :  , * G I * ~  : : Yi.eld : 

::Javs :Linit:per acre: TcCal : i~r~ounf. : Vdua : Lurrent Fami+enses -- - - -_ - - .:. . ,- ._ . . . .  _- .- - - - - -- - --~r>ce: ---- - - - -  - - 
: (iiol.1ar:: j . .  . 

Cotton l i n t  : 35 : 3dC : ~ ' n s . :  , 423 : l~+&O!i : lG01j : 0.16 : 2661; ..- .. : See3 $ 71 
Cotton ce(2d : ( 3 ) :  . :L,bs.: 860 : 3ulbO : j u u u  : u : v ; Labor: Hired 125 
p ~ l f t i l f a  : 3 2 :  70 :Ton : 4 . 6 :  ll+7 : 11;/ :16.03 : 2352 : Insurahce 3 

( . , l faEa nasture) : (20): :i.cre: :11,36 : 238 : Contract 674 
Alfalfa  (ncw) : 6 :  1 8 : T o n :  0 1 6  : 16 :16.00 : 256 : Operator 980 . 
rarmstead : 5 :  - : Contract nlachin" 570 

Total  60 396 6041 : Haulirig 52 ' 
: Ginning 96 
: Tractor eiqensos 21,8 
: hut0 expense ,. 100 

- . .. , . . - : Klectrici.ty 10 
: itepairs: Buildings 50 

Investment, : Days mrlr : Summary . -4 machiilery 35 
-- -- : Cther crop w.p2nses !; --'- 10 5 

0, - : T ~ W  211 
Land .'. t!+C)C: T-+.cl -. '"4 , :?!P+ f;?y inrrma $ 1723 : l 'nterest . . 430 
ijUildtnr s 5NK1:Opcr~t~r  196 :Less: >.x,agemcnt ---- 604. : Insurance 68 
Tractor 10O(~:I;i1*ed 25 :Average return t o  water, : h i s  cel~aneous 
,~ 

191 
i.lacl~iner.j 3 equipment 1/+1C:Contract. 175 : land ei ca?il.al 1119 : Lleprecintion: Buildings . -125 
~ X U L O  .~.-L 8-09. -. l iachinery 99 

Tractor 100 8 

Total  41L+3d :Same per  acre 11+,92 : liuto lJ 75 

: Total  farm expenses 
: '~.:eceipt.s: 
: Crops- 
: !.'arm privileges 100 
: Gross f a m  income $6li;L 
: Less farm expenses LA18 - 
: Ket fam income -.------ $1723 

- - T J - T a i a r e .  



Budget I;O. 6 .  - i.n 80-acre a l f s l f a ,  cotton a d  barley farm a t  mahire development, 
Hassayampa Project, tirieonc. 

-- - -- . - -- -------- - 
:Laid   an : reduction r OLU c t  s ;old ---- 
:~.cres::,ort. : : Yield : 

-- -- - :days :Unit:pcr Lcre: Total  : n o t  : Price  : Vzlue- : Lbrrcnt Parn bmenses 
: (1)ollars) 

iilf a l f  a 9 - -  : 24: 53 : ' ! ' ~ n :  4 .  : Iw . , ,.̂  T r r b n  : i r u  ~ u . v u  L ( V ~  :seed 
(f.l;alfa ?asture) : (15) : :i,cre: : 15 : 15 : ll.cf3 : 178 :Labor: Hired 

%J 84 
2 0 .  

k,lf a l f  a (nmr) : 6 : 1 :Tor, : 2.0 : 12 : 12 : 16.00 : 192 : Insurance 1 
Barley : 20,: 29 :cul.t.: 21.0 : 420 : 420 : 1.69 : 710 : Contract 

(Fasturc) : (14): :,.me: : 11.C8 : 166 : 
481 

Operator 
Cotton l i n t  : 25 :220 :Lbs.: 423 :I0575 : 10575 : U.18 : 1903 :Contract machine 

930 

Cotton seed : (25): :Lbs.: $60 . :2l5OO : a 5 0 0  : 0.0176: 376 :Hauling 
4 97 

i'armstead . .--.A- r .  
70 

-.-a- : Ginnine 
Tot a1 80 5237 :Tractor expense 

69 
218 

: ~ ~ u t o  expense ly 100 
:11Lect ri@it,y 10 

, :6:-?@airs: Euildings 50 
,- - - . . - . - - -- Machinery 

P - 
43 

:Other crop expens- 
00 1nvcst.ment : Oays ..ork : ~ w m a r y  7 :'Tbxes 

la 
212 . ~~~ . 

-I---- .--__-___I__ : Int e r s s t  
:Insurance 

439 

Land, ' $ 640OiTotal 315 :Cet farm income 
70 

3 1274 :Xiscellaneous ewenses 171 
E u i l i i i n ~ s  5@b:0~era tor  186. :Lass: ..dnagsment :Depreciation: 
Tractor 1000: Hired 4 ::i:verage re turn t o  : h i l d i n ~ s  
Machinery 6: equipment 1730; Contract 125 : water, land & capi ta l  : i'achinery 

125 
745 

nuto 3' 121 
500 : : Tractor 

Total  
100 

;&!+b30 : :Same per  acre 9.93 : i,ut*o IJ 
:Total farm expenses +5 
:Iieceipts: 
: Crops 5121 
: 14'arm pr ivi leges  100 
:Gross farm income 352U7 
:Less farm expenses , ,4013 - -- - -- -- :Net farm inccae ,,1274 

1/ Farm share. 



ikdget KO. 9. -An 100-acre cotton farm a t  matwe development. 
I:assayanipa Prc ject ,  .,rizona. 

____ _ _______ . _-A_- - - - a . - -- - - - 
:L~ind :i&n : i'rcduct i on : :roc u c t s  -01.d 

-----I_. 
: Llc ld  : :,crt-s:.lork : 

------ :iJays :Unit :per acre:  Tot,al : ~~mounl,-:-~ygce L Vdue : Current F a r ~  m e n s e s  
: (oollar$-- -- 

Cotton l i n t  n r  . * ? L  .? r- . 1 7 1  : 1 r 1 7 l l ~  - 1 : 0,lR : 7233 :deed 
; ,,) . V," .YU'.. rB 95 

Cotton se td  : (95): : ~ b s .  : : C1700 : 81700 : . fl3017b 1438 :Laoor: Hired 795 
Farmstead :--k:--: Jnsurmce 1% 

Contlaact 1628 
7 ot-1 : l ~ j 0  : G3b : 8671 : Operator 1010 

:Ginning 
:Pdj~iing 
:Vr,ctor expense 
:*,uLo g 

- : ~ l i l - c t r i c i t y  1/ , 
: i t ep~i rs :  

1nvest.ment : days i,crk : ;uwnary . - . bu,uilUing;gs 50 
. - - -- : - -44achiner-y - -. -- 25 

:Other crop expense C s 5  
,Q, Land :. G000:Total 836:Iiet f a ru  income ;;2i?13 . :Tiaxes 
0 r+L" 

259 
;juil.din; s 5L'LK):C)perator dtid:i,e:is: ~ I . ~ I L ~ . . , ~ A ~ : + L * L  " - 1  : In te res t  

: Irrsulanc e 
465 

Tractor 1000::;ired 159:;.versgc re turn  t c  65 
liachinery e: equipnent 100G:Contract 475: water, land 8: capi ta l  $1346 :ir.isc.ellaneous 295 
~ u t o  * 500 : -- :De?rsciation: 

: Buildings 125 
Total  ,15500: : iane per acre 14.17 : 14achinery 70 

: Tractor 100 
: . . h u t 0  &/ 75 - 

:Total farm expenses $6558 
: ,!eceipts: 
: Crops 8673 
: Farm pr iv i leges  100 
:Gr3ss farm income .:8771 
:Leja fbrrn expsnses 6553 

I 
-- 

- -- - - :!kt farm incoms k.2213 
1/ I'ar~n nhare. 



zudgd I;,~. 10, - t.n 1QOdacre cotton and d i ' a l f o  f a m  at mature GevelopRent. 
Kassiry&npa i'roject, 'zizona. 

4 

- ~ ---- ----- . . --. - -. . .- . ---- - 
I,roctuctiori : , ~o ( iuc t s  "old . - -. A ----- :Limd :ilan , :- - 
: 1.iel.d : Cro? s :,.cres::.ork : 

: ua-:Unit : per-acrc  : Tot.al : hnount : p r c : e  : Current Pam m e n s e s  -- 
: ( ~ . ~ L ~ z L ~ s }  

t .., -. 
Cotton l i n t  a -- . 1nn~r; . lan?r; . 0.18 : 71j.26 :zeed : 45 : ~ Y U  :hi,j.; + . , L,.45- : 90 
Cotton seed : (1+5) ; :Lbs.: ti60 : 38700 : 3h7k : 0.0176: 1 :,Labor: Hired 

(;ontract 
28 5 

i ; . l fa l fa  : LO : 86 :Ton : 6 : 104 : ltf4 :16.~0 : 29& : 866 
. i (I.li'i;lfa ~ z s t u r e )  : (25) : :,~.cre: :11.88 : 297 : Operator 1105 

i i , l i , l fa  (new] : 10 : 21 :Tcn : 2.0 : 20 : 20 :16.00 : 320 : Insurance 6 
I ,:2.rmstead :--?-:-: -I~-- :Contract mchine  714 

: C i r ~ i n g  124 
j Total  100 7668 :H&uling 
! 

67 
:Tractor expense 31'7 

1 
:,,uto 1/ t. 100 
: d e c t r i c i t y  10 
t i :epirs:  - -- ~.----..-- - 
i-" ;luildlngs 50 

H Investnlent : Uays ,iork : :;urm~~ary - : i.iachine& , 
'-7 r ~: - ~ 

:Other crcp expense 
:T;xes 

Land :,$000 : Tcta l  503: liet f arru income c p  2481 : ln te res t  
k i l d i n g s  50CO :Cptrrttor 221:Less: Flanagerie~t -767 :Insurance 
'I rsct:cr 100Li:Hired 57:,.varsge re turn t o  water, :iliscellaneous 
liachinerv C  ̂ c c . u i ~ m ~ t  1Ci00: Con! rac t  225 : lurid C. ca?it.al ,) 171h :ueprcciation: 

Total  : Tractcr 100 
: .Alto y 
:Total farm expenses 

1 - 2 -  
jc;287 

:iieceipts: 
: Crops 7663 
: @'aim privi leges  103 
':i;ross farm income . G7768 
:Less farm expenses . . 528" 

- - :Net fa?, inccme - ,2/+81 
L/ k'ar1.i c>.are a 



Dudget No. 11. - nn 160-acre a1fkJ.f a and cotton farm a t  mature developnent. 
Hassayampa Pro jsct ,  ~ . r i z ~ n a .  

- -- ----A - - - -. 
:Land :i.an :- ?reduction i'rociuct s Suld 

Crops :i~cres:l.ork : : Yielu : 
--.-- 

:days :Unit:per acre: Total : hrnount : Price : Value : Current Pam Expenses 
: (do l la rs )  

" - -  
Cottcn l i n t  : 7 7 :  678 :Lbs.: 4Z7 : JL>(L : ~ 3 7 ;  : V.U : 5 6  :heed 145 
Cotton seed :Lbs.: 860 : 66220 : 66220 : 0.0176: 1165 :Labor: Hired 

: 60 : 132 :Ton : 6 276 : 276 :16.00 : L a 6  : Contract 
915 

1~1f  a l f a  1482 
(1.1fdlfa : (37): :~.cre: : 37 : 37 :11.88 : LJ+O : Operator 1375 

i,lf ~ l f  a (new) : 1 5  : 33 :?or1 : 2.0: 30 : 30 :16.00 : 480 : Insurance 21 
I<'armst,ead 
Total  

: ~ r a c t s r  expense 47 5 
:k~uto 9 100 

.---- 
:z lect  r i c i t y  9'' . 10 
:&=pairs: Buildings 

lnvtstnent : Days \;ork : 5Lurmary '. -4 fliachinery 35 
50 

--- :Taxes 
Cr' :Inter%& 

w 
'ON 622 

Land .;12CQE:"ct??. RI:? - M e t  f g r m  inccme G i349 : Insurdnce 68 
Euildings 5000:Operator a5 :Less: i.snagei~ent 1236 :Other crop expense 231 
Machinery & equipment lL+X):Hired 183 :hvernge re turn t o  :Contract machine work lo71 
Tractor  10CO:Contract 385 : water, land <C capi ta l  & 3123 : 1 . i i s c e l l ~ ~ ~ u s  
i.uto IJ 500 : :Depreciation: k i l d i n g s  

367 
125 

Tot.al $20730 : :Same per  acre 20.55 : kachinery 99 
Tractor 100 
hut0 9 75 

:Total fann expenses $ 8105 
:iieceipts: 
: Crops $12364 
: Farin pr ivi leges  . lGG 
:Gross farm .income .,1&&4 
:Less farm expenses 8105 

---- - :Net farm incc.me + 4350 
I;I-~Grm>Gire. 



Budget fro. 12. - 1 n 160-acre z f a l f a ,  a l f a l f a  seed, cotton and bar ley  farm a t  mature development. 
Ilassaympa I'm ject, *.ri zona. . . 

-- -- - - ---- ---.- ~- .~ ---. 
: 2,2ncI :I a n  : : 2rcx5ucts Sold .- - . . . - - I ' r o d u c t j - o n -  . - - . . - -- . . , - 

CYODS ::.cres:..orli : :Yield : . - 
: a U n i t c :  Total : m o u l t  : Pr ice  : Value : Ourrent )'am Yxpenses -- - ----- 

: (UoLLws) - - -  
..lf d f  a : t i  : 1 0 u : ' l o n :  d.0 : i d 5  : i ~ >  :IUUUU : 2 :Seed u 171 

(seed) : (48) : :Lbs.: 179 : 6592 : S592 : 0.225 : 1933 :Labor: Hired 
24 :16.00 : 324 : 

575 
..l:alfa (flew) : 1 2  : 26 :Tcn 2.0 : 24 : insurance 13 
dar ley  : &  : 50:Cvrt.: 21 : C02 : G82 :1 .09  : 1491 : %ont,ract 962 
Uarlcy ( p s t u r c )  : (3.3) : : I  cre: : : 31+5 : Operator 
Cotton l i n t  : 50 : 440 :Lbs.: 423 : 21150 : 21150 : 0.10 : 3607 :Lollbract m~chine 

128 5 

Cotton seed : ( 5 ~ )  : :Lbs,: 660 : 43000 : 43L.700 : 0.0176 : 757 :fIaiiLing 144 . 5 21. 

Yari~ztcad : 8 :  -- :Ginning 
T o t d  163 : 622 : : 1071T/ :'l'r,ictor expeqse 

137 

: I  utlo expense 1 
&7 
lG0 

:A.lactrici ty 10 
--- - - -- - --------- - - -- - x cltepcj rs : Uuildings 50 --, 

J 
Iiacl~inery 66 

Invc stment : Jays ',lei-k ; Smnary - :Other crop.exqcnse 9 59: .. 2 - - - - - -- . - - -- .- - . . . --- :Taxes , W5 
:Interest  6 58 

t-' 
Land ~,126GO; Tot a1 622 : 1iet f a m  income .,; 3796 :Insurirnce 

.,g buildings 5000:Operatcr 257 : Less: ilanagen~ent 10'72 :Eiiscellaneous 
77 

L' ,.% 
I r :~c to r  1000: llired 115 : .,veragc return t,o 

311 
:i,epr~ciation:3uildings 125 

Ei~chinery & equipr~incnt 2630:Coni-ract 250 : prater, land & cap i t a i  ,:;2724 Machinary lE4 
11uto lJ p0: Trcrctor 100 

Tota l  : Same per acre 

:i~eceipta: Crops do717 
: k'arm priviluge 100 
:Lross fdrm income $10817 - 
:Less f ~ x m  txpenses 70 2 

--4 --- :bid farm income 3 % ~  
I'am s h ~ r c .  

i s  .j" Lor comb in^ iuel r*1 i u ~ ~ ? c a n ~ ,  arm ,,,,LLL.)Y l o r  n u e i  r r ac to r  W O ~ .  


