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PRELIMINARY EXAII'IIITATI OTJ REPORT 
RUIJ-OFF AND VATERFLOIV RETARDjiT I Ol? AND S 01 L EROSI OR PREVENT1 011 

FOR FLOOD CONTROL PURPOSES 

SAiiTA CRUZ YJATERSHED 

1, Authority.  This r e p o r t  o f  pre l iminary  examinations i s  made - 
in compliance with the Flood Control A c t  of June 22, 1936, 

(pub l i c  No. 738, 74th congress) ,  a s  fol lows:  " sec t ion  6 . .. 
The Sec re t a ry  o f  Agr i cu l tu re  i s  au thor ized  and d i r e c t e d  t o  

cause pre l iminary  examinations and surveys f o r  run-off and 

waterf low r e t a r d a t i o n  and s o i l  e ros ion  prevention on t h e  water- 

sheds of . . . Santa Cruz m d ' s o n o i t a  Rivers,  Senta  Cruz County, 

A r i  zona ; Sabino Canyon, Pima County, Arizona; f i n g  Lovrer Santa  

Cruz River,  P i n a l  County, ~ r i z o n a . "  (Maps 1, 2, and 3, ~ p p e n d i x ) .  

2. h o n g  o t h e r  watersheds, t h e  Flood Control  Act s p e c i f i c a l l y  c a l l s  

f o r  pre l iminary  examinations and surveys of  t h e  t h r e e  t r i b u t a r y  

watersheds mentioned above, which t o e e t h e r  comprise t h e  Snnta 

Cruz watershed. But s i n c e  t h e  run-off and s o i l  e ros ion  problems 

of  t h o  upper Santa Cruz-Sonoita a r e a  a r e  c l o s e l y  interrelated 

w i t h  s i m i l a r  problems of t h e  lower Santa Cruz ( ~ i n n l  Co.) and 

t h o  ,niddlo Santa Cruz b a s i n  (Pimc. Co.), t h e  f i e l d  comrnittce has  

deemed it advisable  t o  oonsidcr  tho wholo Santa Cruz River  

watershed a s  a un i t .  Further,  t he  mnt tc rs  o f  wa tc r  conservation 

and available wntcr supply  conccrn t h e  inhabito-nts o f  t h e  e n t i r e  



Santa Cruz basin. Testimony given a t  t h e  pub l i c  hea r ings  before  

t h e  U. S. D i s t r i c t  Engineer, War Department, on t h c  uppcr Santa 

Cruz-Sonoita Crcck a r e a  m d  on t h c  lower Santa Cruz c l e a r l y  in-  

d i ca t ed  t h e  d c s i r e  of t h e  l o c a l  populat ion f o r  f l ood  cont ro l ,  

run-off r e t a r d a t i o n ,  ond s o i l  e ros ion  cont ro l .  It f u r t h e r  in- 

d i ca t ed  t h a t  t h e  Tucson water  u s e r s  w i l l  oppose m y  program f o r  

f lood  con t ro l  run-off r e t a r d a t i o n  t h a t  mill adversely affect  

t h o i r  water  r i g h t s  and suppl ies .  I t  does no t  seem poss ib l e  t o  

con t ro l  f loods ,  mn-of f ,  and eros ion  i n  one p a r t  o f t h c  Santn 

Cruz b a s i n  wi thout  a f f e c t i n g  t h o  a v a i l c b l c  water  supply i n  o t h e r  

p a r t s .  Hence i n  t h i s  r e p o r t ,  t h e  upper, middle, and lower S m t a  

Cruz a reas  a r e  considored toge tho r  a s  a uni t .  

3. Sebino Canyon. Sabino Canyon, i n  Santa  Ca ta l ina  SIountains, - 
nor theas t  of Tucson, d ra ins  a mountcinous a r e a  of about  75 square -- 

miles ,  emptying i n t o  t h e  R i l l i t o  Creek a t  a po in t  about  8 mi les  

no r theas t  of Tucson (map 2). The average annual r a i n f a l l  f o r  t h i s  

a r e a  i s  about 23 i n c h e s . ~ /  There a r c  n o i t h e r  f lood  nor  oros ion  

problems i n  t h i s  drainage,  nh ich  cons i s t s  l a r g e l y  of  Nat ional  

Forcs t  lands used f o r  r e c r e a t i o n a l  purposes, inc luding ,  from 

high  t o  1 s v  e l eva t ion ,  a comparat ively smal l  a r c a  of p inc - f i r  

t imber ,  thcn  woodlands, c h a p n r r r l ,  semidesert  shrub, arid a small  

deser t-shrub area. I n  t h c  lower p a r t ,  w i th in  t h e  National  Forcst ,  

t h e r c  a r e  13 s m a l l  dams, dl o f  which servo  t o  r e t a r d  run-off 

1/ Weighted average, based on s i z c  o f  a r e a s  of p i n c - f i r  ( includ-  - 
i n g  vfo odland),  chitpar r a l  , and semidoscrt  shrub. 



and 10 of .v;~ich servo a l s o  a s  bridges.  

A. Location and S ize  

4. The Santa Cruz drainago b a s i n  comprises about 8,877 square miles,  

o r  5,601,200 a c r e s ,  i n  southern Arizona and a n  a d d i t i o n a l  a rea  

of 394 square mi les  a t  t h e  upper end of t h e  m t o r s h c d  i n  t h o  

S t a t o  of Sonora, Mexico (see f ron t i sp iece ) .  This is t h e  domi- 

nant  drainage system of south-central  A r i z  om. 

B. Surfncc Re l i e f  

5. For t h e  most p a r t ,  t h i s  watershod i s  bwmdcd by lovr mountain 

ranges and d i s t i n c t  l i n e a r  mountains. Some of t h o  mountains 

have o levat ions  of more than  8,000 f e e t .  Sca t t e red  throughout 

t h e  b a s i n  a r e  seve ra l  mountain r idges,  s h o r t  mountain rangos, 

and small and l a r g e  groups of mountains whose olevat ions rangc 

from somewhat l e s s  t h a n  2,000 f e e t  t o  more t h a n  9,000 (s-ulta R i t a  

and Santa ~ a t a l i n a )  . Between t h e  r idges,  ranges, and mountain 

groups, t h e  r e l i o f  v a r i e s  from t h a t  of broad shallovr v a l l e y s  t o  

o u h s h  s lopes  and f o o t h i l l s .  (Map 4). 
C . Geology and .Soi l s  

6. Geology. The Santa Cruz d r a i m g c  b a s i n  i s  a p a r t  of t h e  Basin 

and Range province. Tho fornnt ions  include geologicnl ly  recent  

v a l l e y - f i l l  depos i t s  and volcanic rocks a s  w e l l  a s  t h o  o ldes t  

1/ knuwn s c h i s t s  and g r a n i t e  gneiss  of some of the mountains (1). - 
(llap 4). 
1/ Figures i n  parentlmsss r e f e r  t o  Bibliography of Sourcc Material ,  - 

p a r *  84. 



7. Tho v a l l e y - f i l l  dopos i t s  conta in  t h e  groundv~ntcr suppli-ss. Thc 

n o m l  flow of stre'ms s inks  ard t h u s  adds t o  thcso  suppl ies ;  

and f lood vraters t h a t  s i n k  i n t o  t h e s e  v a l l e y  f i l l s  a l s o  replen- 

i s h  t h c s e  underground waters.  G r i t t y  s o i l s  t h a t  origi:.-zt o from 

r e a d i l y  d i s i n t e g r a t i n g  c r y s t a l l i n e  rocks crodc eas i ly ,  ~vhereas 

t h e  heavier-textured soils that have developed f ram those s o i l -  

forming ma te r i a l s  derived from dense rocks, such a s  dcnse g r a n i t i c  

and s c h i s t o s e  rocks, a r e  r a thor  r e s i s t a n t  t o  erosion.  

8. Soi ls .  Thc s o i l s  of t h o  Santa Cruz vratershcd may be  c l a s sed  
P 

i n t o  two broad groups : Sierozem, o r  Dcscrt,  and Southorrl Brawn 

(map 5). The group of southern Brom s o i l s  inc ludes  t h r e e  aub- 

clrrssee, - Dark Bravn, Brown, and Light Brown, named i n  t h e  order  

of t h e i r  l o c a t i o n  w i t h  reference t o  decreasing elovatiolz and 

r a i n f a l l .  A t  t h e  h ighos t  olovat ions,  where r a i n f a l l  i s  s u f f i -  

c i e n t  f o r  grmith of  pino and f i r  t r e o s ,  t h e r e  a r e  a reas  of pod- 

z o l i c  s o i l s  t o o  small t o  be  shown on t h e  map. I n  t h e  R i l l i t o  

and Santn Cruz Valleys, o spcc ia l ly  i n  t h e  v i c i n i t y  of Casa Grando 

nnd Eloy, n ro  a reas  of deep a l l u v i a l  s o i l s .  Many small nrcas  of 

a l l u v i a l  s o i l s  a r e  s c a t t e r e d  throughout t h o  watershed os  l iko-  

wise a r e  a reas  of s tony and rocky mountain land whore geologic 

eros ion  i s  ac t ive .  

9. Resul ts  - of inves t iga t ions  of t h o  e r o d i b i l i t y  of Desert and Southern 

Brown s o i l s ,  i n  r e l a t i o n  t o  o r ig in ,  c h ~ r a c t e r i s t i c s ,  vegeta t ion ,  

and s lope  loca t ion ,  a r e  b r i e f l y  summarized i n  t a b l e  1 (~ppei ld ix) .  



10. Drainage - of swamps - and lowlands. There a r e  no important s :mps  

nor  low wet lands i n  t h o  S ~ n t a  Cruz b a s i n  i n  need of a r t i f i c i a l  

drainage. 

D. Natural  Drainage 

11. Tho Santa Cruz bas in ,  l a r g e l y  d e s e r t  and semidesert,  i s  t y p i c a l  

o f  d ry  rogions. This drainage system i s  b i l a t e r a l  - t h a t  is ,  t h e  

s h o r t e r  mountain s t r e m s  f low on comparatively s t eep  gradients  

t o  t h e  e a s t  bank of t h e  Santa Cruz River, while  t h e  l n r g c r  

stremvrrys d r a i n i n g  t h e  gent ly  s l o p i r g  vn l l cys  c o n s t i t u t i n g  t h o  

western  por t ion  of t h e  b a s i n  depos i t  a t  t h e  west bank. The Snnta 

Cruz Rivor r i s e s  i n  Canelo H i l l s ,  i n  southcas tern  Santa Cruz 

County, and flows south  about 15 milcs  i n t o  Mexico, re turn ing  

t o  United S t a t e s  about 5 milcs  e a s t  of Nogalcs. It r i s e s  a t  a n  

e l eva t ion  o f  about 5,200 f e e t  and descends t o  about 950 f c o t  

whero it jo ins  t h e  Gila  Rivor. Almost t h e  e n t i r e  course of t h e  

Srrnta Cruz River  (about 2.40 miloo) i s  through opon p l a i n s  of broad 

s h l l o w  va l l eys  whose surfaco and subsurface s t r a t a  a r e  vo-lley- 

f i l l  deposits. The a l l u v i a l  v a l l e y  through which t h e  r i v c r  flotvs 

v a r i e s  widcly i n  width, i s  r e s t r i c t e d  i n  p laces  ( a s  near  ~ u c s o n ) ,  

and widens out g r e a t l y  as it meets tho  broad f lood p l a i n  of t h e  

Gila  (3) . 
E. His tory  of I ~ a t e r s h e d  

12. For many cen tu r i e s  p r e h i s t o r i c  peoples i r r i g a t e d  along t h e  - 

Santn Cruz Rivror .  Father  Icino cntcrcd t h i s  v a l l e y  i n  169, and 



t h e  ostnblis,tuncr& of missions followed. I r r i g a t i o n  by v ~ h i t c  pco- 

p3.u developed around thcsc  missions. During t h e  Spanish period, 

u n t i l  1823, t h e  Santa Cruz basin  acquired a prosperous agricul-  

t u n 1  and mining population (4-8). 

13. Raids by t h e  Apaches continued up t o  1872, During tho  lifexican 

period (1823-ha), i r r ig r - t ion  canals' were maintained, and fruits , 
cereals,  vegetables, and tobacco were raised. Some years a f t e r  

t h e  Gadsden Purchase (l653), especia l ly  after completion of t h e  

S. P. Railroad i n  1881, settlement by white poople made rapid 

progress (9, 10). I n  tho  lower Santa Cruz basin a s  around Eloy, 

modern agr icu l tu ra l  dwelopments did not begin u n t i l  1919, with 1 
a s m l l  acreage i n  l e t t uce  and vegetables (11). I n  t h e  lowcr 

Santa Cruz area i r r i g a t i o n  by Indians has probably been contin- 

uous from pro-Columbian times. 

34. Following t h e  18801s t h e  r i s e  of t h e  l ives tock industry was rapid 

and t h e  ranges soon became stockcd t o  t h e i r  l imi t  even i n  favor- 

ab le  years. Dry years came, overgrazing resulted,  and the pro- 

t e c t i v e  grasses on extensive semidescrt areas  detcr iora tcd or  

disappeared (12, 13). Now areas  of t ho  lower country which for-  

merly wore grasslands offer  mainly shrub browse. The prosell* 

s t a t u s  of tho  vogotation cover i s  shown on map 6 (&). 



F. Populat ion 

15. The t o t a l  population, 10 percent  of which i s  Indian, was, i n  

t h e  Santa Cruz watershed on Apr i l  1, 1930, 68,780 (15-18). O f  

t h i s  t o t a l  populat ion 11.8 percent  was rum1 farm, 32.2 pcrccnt  

r u r a l  non-fann, and 56 percent urban (map 7) .  " ~ v o r n ~ e "  f loods  

have inundated land now occupied by about 1,500 people, and 

11 cxtrcno" f loods,  about 10,000 people. 

11. LAm ECONOMY 

16. The a g r i c u l t u r e  of t h e  S&a Cruz tv~.tershcd may bo divided i n t o  

two p r i n c i p a l  d iv i s ions ,  range-1-ivestock and i r r i g a t i o n  (13, 

' 19-25, 28, 33). In 1935 approxirrately 1.9 percont of t h o  a r e a  

was i n  c u l t i v a t e d  land and 98.1 por  cent  i n  range land. 

A. Prcsent  Use of Land 

17. Tilo t r e n d s  i n  t h o  use of ffim land and tho approximato 

acreage of cropland harpested i n  t h e  Santa Cruz watershed nro 

shavn i n  tc.blo 2. Of t h o  136,420 acros  of cropland harvested 

i n  1936, probably 70,000 ac res ,  o r  about 52 pcrccnt ,  wore irri- 

gated from water  of t h e  Santo Cruz Rivcr  and t r i b u t a r i c s .  The 

remaining acreage,  about 66,000 acrcs  , was i r r i g n t  od f rora vsat cr  

of t l ~ o  Gila Rivcr and t r i b u t a r i e s .  For t h o  watershed a s  n 

wholo, about 31,000 acros  were planted e i t h e r  f o r  t h e  f i r s t  

t imo i n  1937 o r  on land t h a t  had boen i d l o  f o r  somo years  p r i o r  

t o  1937 (26). O f  t h i s  acreage, about 25,000 ac ros  wcro i n  co t ton  

rznd ovcr ha l f  of t h i s  c o t t o n  land was irrigated by water from 

t h o  Santa Cruz Rivcr. 



B. Land Ownership 

18. Nearly 47 percent of t h e  lands a r e  Fedoml, 30 percent State,  

and 23 percent pr ivate  (19). According t o  tho U. S. Census of 

Agriculture, from 1930 t o  1935 t h e  number of farms increased 

about 35' percent. Despite t h e  fac t  t h e  acreage i n  farns - in-  

creased 49 percent, t h e  cropland harvested increased only about 

12 percent, but t h e  land classed as "other pnsture" increased 

about 82 percont (map 8 and t ab l e s  3 and 4). 

C, Farm Economy 

1 The pr incipal  types of farming i n  t h i s  watershed a r e ,  according 

t o  nwncrical importance, a s  follows : Unclassified, stock ranch, 

cotton, part-time, general, self-sufficing,  animal special ty,  

and poultry (15, 22-25). Other per t inent  data on farm economy 

a r e  given i n  t a b l e  3. 

20. Farm and ranch income i s  divided as  follovrs: 

2/ 1937- 
Item Percent Total  Percent - Total  

Crops (including plants,  
flowers, etc.) sold or  
t raded $11898,315 

Livestock sold o r  traded 1,654,527 
Livestock products sold 

o r  traded 871,093 
. Forest products sold ' 63,217 

Farm products used 205,450 
Government pasments . . • 
Receipts from boarders, etc. ' 95,396 

$4- 

1/ Estimated from Federal census data. 
/ Estimated from crop reports ,  e tc  . (23-25). - 



21. According t o  t h e  1930 census, t h e  typ ica l  value of farm products 

sold, traded, o r  used by operators ' families was l e s s  than  $250 

f o r  t h e  se l f -suff ic ing farms and $5,000 f o r  t h e  dairy  fanns. 

Approximately 200 farms reported gross incomes i n  excess of 

$6,000 per farm. 

22. The average assessed valuations per  acre i n  1936 of grazing Land 

i n  Pima, Pinal, and Santa Cruz Counties were $1.00,. $1.59, and 

$1.25, respectively;  while i r r i ga t ed  l a d  was $21.74, $22.79, and 

$27.75 (27) 

23. The t rend of county and s t a t e  taxes  (27) per $100 assossecf valua- 

t i o n  (specia l  d i s t r i c t s  not included) f o r  P i m ,  P i m l ,  and Smtn  

Cmz Counties from 1915 t o  1935 m y  be indicated as  follows: 

Pima $0.,86 $1.005 $1.22 $1.22 $2.001 
P i m l  ,695 .6198 1.035 .9162 2.17 
Santn Cruz 1.373 1.2593 1.652 1.5642 3.028 

D. Wildland Economy 

24. The control  of lands not i n  p r iva te  ownership, amounting t o  

about ,!++1158000 acres,  or about 72 percent of a l l  land, r e s t s  

p r inc ipa l ly  with t h e  Federal and S ta te  governments. The lease, 

renta l ,  permit o r  use value of these  lands approximates $187,000 

annually, This estimated income i s  included i n  t h e  t o t a l  farm 

and ranch income. Nap 9 shows, by areas, t h e  present s t a t u s  

of range forage conditions . 



111. HYDROLOGIC DATA 

A. Meteorological FfLcts 

25. Rainfall ,  The average annual r a i n f a l l  i n  t h e  low country of t h e  

Smta. Cruz basin va r i e s  from 8 t o  15 inches; and a t  t he  highest 

elevations, from 25 t o  more than  31c inches (29, 30). The ave- 

I/ rage- f o r  t h e  watershed i s  about 13.5 inches, based on 19 Xeather 

Bureau standard gages (except one recording a t  t h e  University of 

Arizona), supplemented by 4 Desert Laboratory gages. The r ~ c o r d s  

of t h e  l a t t e r  a r e  seasonal i n  nature (map 10). 

26. Pert inent data on annual r a i n f a l l  a t  t h e  various s ta t ions  i n  

t h e  watershed a r e  given i n  t a b l e  5 (29). 

27. Two r a i n f a l l  seasons a r e  recognized: summer ( ~ u l y  t o  ~eptember) 

c.nd ci l e s s e r  fal l- intor season (~ecember t o  March). The other 

months a r e  dry. The summer storms a r e  usually local ;  some a r e  

t o r r e n t i a l  and cause l oca l  f l a sh  floods and dest ruct ive  erosion. 

The winter storms a re  usually l i gh t e r  and of longer duration, 

allowing ground absorption of r a in  water. Below Red Rock t h e  

\ 
t o t a l  s m e r  f a l l  i s  l e s s  than t h e  fa l l -winter  t o t a l ,  whereas 

above or south of t h i s  point t h e  reverse i s  t rue .  

28. There i s  no regu la r i ty  i n  t h e  occurrence of loca l  summer storms. 

A given l o c a l i t y  may receive two t o  four such s t o m  i n  a season, 

and downpours may occur i n  two successive years and not again 

f o r  several  years. 

1/ Weighted average, based on t h e  s i ze  of component d ivis ioxs  - 
of t h e  watershed . 



29. Intensity of rainfall data are too meager t o  enable onc t o  gain 

a complcte picture of the amount of r a in fa l l  por hour in  diffor- 

ent parts of the watershed. However, tho f ollav~ing data m y  

give same idea of rainfal l  intensity: 

-- 
S t a t i o ~ p e r i c d r i o d g  

: fa l l  :a- 
: In. : In.: In.: In.: In.: In.: In. 
c -  

Tucson :Homiest i n  period 1928-35 : . 
:July 31, 1935, Lasted 1 hr. :2.04 :0.85:1.&:1.83:1.94:2.02:2.04 - 
:Second heavicst i n  period : : . . 

Do. :Aug. 21, 1932. ~ a s t c d  4 hr. :1.01 :0.39:0.62 :0.70:0.00:0.86:0~~1 
:Oct 11. 1932 . . 

Do. :~a s t ed  6 h;c. 35 min. :o.% &,@:0.50 :0.61 :0.63 :0.69:0.71 

Precipitation records indicnto tint 2--and 3-inch f a l l s  por hour 

aro common, and tha t  tho greatest intensi-t;y my  bo 3 inches i n  

1 hour. Ordinarily, an intense storm does not l a s t  moro than 

1 hour. 

30. Snowfall. On areas c;t. 6,000 and moro feet,  some snow f a l l s  dur- 

ing wirrtcr months; but since only about 8 percent of the Santa 

Cruz watershod l i e s  above 5,000 fcet, snawfall i s  of minor impor- 

tance. Winter or  vsinter t o  spring flows fram the highest moun- 

t a i n  areas my be duo t o  molting snow, or rain combined with 

melting snow. 

B. Stream Flaw 

31. Gcnoml discussion. The streams of th i s  bcsin are ephemeral 

and perennial. The headwater s t r e w  of the Santa Cruz Rivcr 

arc perennial. The highor parts of sone of i t s  uppor tribu- 

t a r ios  are likewise perennial, o r  nearly so. A rziny vrinter 
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prolong t h e  flcrw of some of t he  in termit tent  s t r o m  f o r  sovcral  

months, otherwise such s t r c m s  f l m  only a f t e r  sporadic hcavy 

rains. Tho lengt;l~ of t h o  surface f law of t h o  Snntn Cruz var ies  

greatly. This surface f low ordinar i ly  docs not reach t h e  G i l a .  

Whatever water is contributed t o  t h e  G i l a  comes from a slaw 

underground flow. 

32, Streamflaw records of f i ve  U. S .  G. S .  s t a t i ons  wi thin  the  Santa 

Cruz watershed c m e r  periods ranging from 6 t o  31 years (31). 

The locations of theso s ta t ions  e r e  shown on map 10. Such sta- 

-tions a r e  few because of t h e  f a c t  thr?t most of t h e  dtrcams a ro  

d ry  nost  of t h e  t h o .  

Discharge. Data r e  l a t  i ve  t o  discharge, minimum and mximun month- 

l y  flows, and highest peak f l m s  of strecams a t  t h o  fivo streamflcrw 

s ta t ions  are, b r i e f l y  given i n  t a b l e  6. 

34. Frequency - of floods. I n  general, f lash '  floods, which or ig ina te  

pr incipal ly  from sumrner storms, do not occur wi th  any regulari ty.  

O n  n. given l oca l  a rea  such flms may occur two t o  four times i n  , 

a soason f o r  two successive seasons and not agnin f o r  several  

yearsr  For example, high flood flaws occurred a t  Tucson on 

July  31, 1890, August 17, 1891, and not agnin u n t i l  August 13, 

1901 (3'2), Serious f loods m y  occur from th r ee  t o  five t i n e s  

i n  10 years. Flood flows of t h e  upper Santa Cruz, even when 

combined with flood discharge from R i l l i t o  Creek, extend only a 

short  d is tance belav Tucson. Such flood f l m s  reach tho G i l a  



once i n  about 10 or  20 years (3). I n  t h e  l m e r  Santa Cruz, 

floods usually resu l t  from heavy l o c a l  storms. Heavy flood 

f l a v s  arQ common i n  t h e  lowest part of Santa Cruz basin, whero 

tho  flood waters cone from Santa Rosa Wash (33) 

35. Probabi l i ty  - of extreme floods i n  t h e  Saxte Cruz at  Tucson and 

from combined flows of t h e  S m t a  Cruz and R i l l i t o ,  under present 

conditions obtaining i n  t h o  upper Santa Cruz River, seems t o  be 

one occurrence i n  about 100 years (2); but  it i s  reasonable t o  

a s s m e  t h a t  if t h e  presont upper watershed values a r e  not  pro- 

t e c t ed  from floods and erosion, t h e  probabi l i ty  i s  that floods 

with EL frequency of considerably l e s s  than  one i n  100 years 

w i l l  be as d m g i n g  a s  t h e  l o o y e a r  floods a r e  a t  t h e  present 

t ino.  

36. Stream behavior. Tho Santa Cruz River a t  Tucson may be  dry f r m  

1 t o  12 nonths a t  n time. A prolonged winter flow, however, 

nay last as long as 3 nonths. Tho flood viaters of Santa Cruz 

and R i l l i t o  a r e  dispersed and absorbed i n  t h c  area  t o  tho  south 

and southwest of Picacho Peak. R i l l i t o  Creck is la rge ly  a 

winter  stream, whereas s m e r  porfornance i s  cha rac t e r i s t i c  of 

Pantcmo Wash (34, 35). I n  goneral, t h e  sunncr f lood flows a r e  

characterized by sudden r i s e s  ordinar i ly  i n  previously dry 

chamiels, f luc tua t ing  o r  decreasing f o r  a few hours a f t e r  peak, 

and then  disappearing wi thin  a few days. Winter flaws, some of 

which a r e  severe, a r e  usually followed by measurable flows f o r  

I 

sonc t5.m af'torwrrrd. Pertinent da ta  on component sub-drainages 



and on s t r c m  behavior are given i n  t ab les  7 and 8 (3) 

37. Groundwater conditions. There i s  an  access ible  supply of water 

beneath both t h e  c k n n c l  bed and t h e  flood p l a i n  along v i r t u a l l y  

t h e  e n t i r e  course of t h e  Santa Cruz River from Mexico t o  t h e  north- 

e r n  poirrt of t h o  Tucson Mountains. Similar  groundwater condi- 

t i ons  obtain i n  t h e  Eloy-Casa Grande area. The wolls i n  upper 

Santa Cruz Valley extending t o  t h e  northern point  of t h e  Tucscm 

Mountains and i n  R i l l i t o  Valley a r c  replenished during spring- 

winter  flaws. Water l eve l s  under Tuoson and' i n  t h e  v i c i n i t y  of 

Tucson have been permanently lowered by about 9 f ee t  during 

t h e  last 13 years (13). With t h e  possible excepbion of t h e  

wel ls  i n  t h e  eas tern  sect ion of Tucson, t h e  replenishment of 

t h e  water-carrying s t r a t a ,  f o r  t h e  most par t ,  i s  by d i r e c t  

percolation f r m  surface flows i n  t h e  stream channels. I n  t h e  

Coolidge area,  replenishment i s  from seepage losses  from irri- 

gat ion systems, pr inc ipa l ly  i n  t h e  San Carlos projoct ,  More de- 

t a i l e d  s tudies  a r e  necessary t o  deternine t h e  areas  bes t  fitted 

f o r  water-spreading and. a l s o  t h e  r e l a t i on  between tho  ground- . 
. 

water supplies and t h e  conservation of flood waters. (31.33.35) 

38. Turbidity. Moasurenonts of t u r b i d i t y  are very noager. A t e s t  

of t h e  R i l l i t o  Creek flcw i n  1909 by t h e  University of Arizona 

shawed 9 percent s i l t .  F rom observations, headwater flows a t  

high elevations a ro  usually clear. Elsewhere t h e  channel flaws 

a r e  muddy and t h e  load of sand and s i l t  ca r r ied  by flood flows 



var ies  wi th  turbulence and wi th  t h e  m t e  and volume of surface . 
run-of f. 

A, Flood History 

390 Ehrly records show that t o r r e n t i a l  f lavs  i n  headwater streams 

and i n  t h e  uppormiddle Sarrto. Cruz area occurred before white men 

s e t t l e d  here, vshon t h e  courrtry was covered wi th  t h e  o r ig ina l  o r  

na tura l  vegetation. Howover, these  floods did  not occur wi th  

t h e  frequency and f lashy and des t ruc t ivc  character  of t h e  flood 

flows s ince  t h e  l a t e  1880's (36-40). The follovfhg i s  a l i s t  . 

of heavy floods: 

Upper and Middle S m t a  Cruz Basin 

Date - 
1890; Ju ly  31, 
1891, August 17, 

1901, A U ~ U S ~  4, 
1902, October, ' 
1904-5, V f i n t  cr ,  

19l&15, Winter, 

1929, Scptenber, 

1931; August, 
1935, August 31, 

Channel erosion began: Dmage down r i v e r  t o  Tucson. 
Much dm-ngc at  Tucson, F a m  lnnds destroyed. 
Channeling of r i v e r  bed. 
Channel cutting. D m g e  a t  Tucson. 
D m g i n g  floods i n  Santa Cruz and R i l l i t o  Valleys. 
D m g e  i n  upper Santa Cruz basin  and overflow i n  
R i l l i t  o Creek. 
Much dmzge frm Nogalcs t o  R i l l i t o .  Flood 
reached G i l a .  
Heavy damges i n  Continental, Naples, and Al ta r  
Valley areas. 
Much strcan-bmk cutt ing.  
lduch danclgc i n  R i l l i t o  Valley, 

Lowor Santa Cruz Basin 

1904-5, Winter, Lands f looded (agr icul ture  by white people 110% yet  
begun) 

19&-15, Winter, Eloy-Casa Grande-Maricopa a r e a  inundated. Much 
d m g ~ .  

l9&, ~ x u s t ,  Cotton f i e l d s  a ~ d  lands oast  of Eloy flooded. 
1929, Septcnbor, 300 acres  of land destroyed i n  Eloy area. 
1933, Sumor, Town of Eloy flooded, 
1936, summer, Santa Cruz flooded area  f ron  Coolidge t o  ldaricoprr. 
1937, S w r ,  Santa Rosa ~ v c t e r  flooded cot ton f i e ld s  near Nnricopa. 



B o  Causes of Floods 

40. The causes of f l a s h  floods of recent years have been heavy sum- 

mer and winter l oca l  downpours i n  o r  above t h e  flooded areas on 

lands with l i t t l e  vegetation. Hence t he  rapid surface run-off 

and dest ruct ive  s o i l  erosion. 

C. Condition of Stream Channels 

Excessive channel f i l l i n g  i s  i n  progress i n  many places ; i n  

others,  recessive cutt ing.  F i l l ed  channels a r e  becoming broader. 

The la rge  volume of crosion products i n  f l a s h  flaws pa r t l y  ob- 

s t r u c t s  t h e  channels a t  times, impedes t h e  current, and modifies 

t h e  gradient of channel beds. The s i l t  temporarily doposited 

on law l eve l  a reas  i n  about t h e  middlo par t  of tho  Santa Cruz 

drainage contributes, a t  times, much damaging s i l t  t o  lower 

' areas  such as t h e  Eloy-Casa Grandc area. 

13. Land Use-Covor-Flood Relationships 

42. Pr io r  t o  1880 t h e  Santa Cruz and t r i b u t a r i e s  d id  not havc t h e  

active erosion c21anncls which they ncnv havc (7). From car ly  

records by U. S. topographic cnginecrs, t r ave le rs ,  and pioneers, 

t ho  upper and middle S m t a  Cruz basin  and t h e  mesas and higher 

lands of lower S m t a  Cruz had a protect ive  covcr of vegetation. 

The lowest 3.nd d r i e s t  areas scen t o  Imve had more vcgctntioll 

than  now. Following 1880, heavy grazing reduced t h e  ground 

cover; on many luwcr areas t he  grasses disappeared, and acccle- 

ratod surface run-off and s o i l  erosion resu l ted  (13, 36, 39, hl-48). 

River-channel erosion of t h e  Santa Cruz began about t h c  same time 



that f l a s h  summer floods and accelerated surface run-off began 

(1890, 1891)~ following t ho  de te r io ra t ion  of rango vegetation. 

E o  Effoct of S t r c m  Imprcvcnorrts 

43. Sont a Cruz County has constructed permanent masonry prot  oct ion 

work i n  t he  wash through Nogales f o r  t ho  control  of channel 

orosion. Some mergcncy work has a l so  been dono i n  t h e  Santa 

Cruz channel. Flood control  measures have been ca r r ied  out i n  

Nogales, BIoxico, through an in te rna t iona l  pro joct . Ehcrgency 

work t o  protect  stream banks f rm cut t ing has rocently been done 

on tho  Srusta Cruz near Tucson, on t h c  Pantnno, and on R i l l i t o  

Creek by t h c  Arizona S t a t e  Highmy Dcpartncnt, by Pima County, 

t h e  Indian Service, and t h e  S o i l  Consorvation Service. 

I/ V. PROBLEMS OF DAMAGES-- 

A. . Danage by Floods, High Water, 
and EStcessivo Run-off 

44. Danage t o  crops m y  occur cvory ycnr, pa r t i cu l a r l y  along t ho  

narrow fr inge of l e v e l  land adjacent t o  R i l l i t o  Creok, Pantano 

Wash, and t h e  Santa Cruz River. This l o s s  approximtes $21,700 

m w l l y  (13, 24, 33). 

1/ I n  damage s t a t m c n t s  it should bc lccpt ic mind t h a t  i n  nost  - 
cnsos t h e  c s t i na t c s  of d m g e  i n  moreto.ry terms a r e  bfiscd 
on incomplcte data. 



5 .  ItTunicipal and i n d u s t r i a l  p r o p e r t i e s  have been damaged an amount 

exceeding $7,200 annual ly  dur ing  t h e  per iod  from 1890 t o  1937 

(13, 33). 

46. Local f loods  have damaged br idges ,  ra i lways,  highways, and com- , 

munication l i n e s  t o  a n  undetermined ex ten t .  P a r t i a l  informa- 

t i o n  obtained (13, 33) i n d i c a t e d  average annual damages t o  be  : 

t o  br idges,  (j2,400; t o  rai lways,  $800; t o  highways, $3,800; o r  

an  annual t o t a l  of $7,000. 

47. Dams, pumping p l a n t s ,  i r r i g a t i o n  systems and o the r  r u r a l  prop- 

e r t y  have su f f e red  f lood  damges m o u n t i n g  t o  $6,200 annual ly  

(13, 33, 50) ,  inc luding  t h e  c o s t  o f  rep lac ing  and p r o t e c t i n g  

i r r i g a t i o n  works. 

48. There a r e  no a v a i l a b l e  d a t a  on damages t o  l i v e s t o c k  and w i l d l i f e ,  

nor  were any r epor t ed  a t  t he  pub l i c  hearings.  

49. Disrupt ion  of r a i lway  serv ice ,  f looded  highways, washed out  

br idges ,  inundat ion o f  p a r t s  or a l l  of Calabasas, Eloy, Maricopa, 

Casa Grande, and t h e  c i t y  of Nogales prevented t h e  usua l  mzrket- 

i n g  of fcrm products  and t h e  r e t a i l i n g  of  merchandise, a l s o  de- 

c reased  school  a t tendance  and increased  t h e  s a n i t a t i o n  problems 

(13, 33). It i s  impossible  t o  express  t h e s e  damages i n  monetary 

terms. 

50. Eight  people have l o s t  t h e i r  l i v e s  i n  f loods  during t h e  per iod  

1901-1936. 



51. A summary - of estixlated d m g e s  by f loods,  h igh  vrater, and 

ltcxcessive" run-off i n  t h e  S m t a  Cruz watershed fol lows : 

To crops, a g r i c u l t u m l  land, etc .  $21,700 
To nun ic ipa l  and i n d u s t r i a l  properties 7,200 
To bridges,  railways, highways and con- 

nun ica t ion  l i n e s  7,000 
To o t h e r  property and inprovcnents 6,200 
To l ives tock  and w i l d l i f e  .me . .  

In tang ib les  e m . . -  

Loss of l i f e  . . * * .  

$42,100 T o t a l  

Be D33;~qge ' b j r  Erosion 

52. Erosion condit ions,  In  general,  oil t h c  d e s e r t  s o i l  a r e a s  (nap 5) 

a c t i v e  sheet  and g u l l y  eros ion  i s  i n  progress, owing t o  t h o  

alkal ine-calcareous na ture  of t h e  s o i l s  and lack  of p ro tec t ive  

ground cover. On t h e  Bromi s o i l  a rcas  e ros ion  i s  s l i g h t  t o  mod- 

c r a t e ,  aving t o  t h e  heavier  t e x t u r e  of t h e  s o i l s  and t h e  occur- 

rence of p ro tec t ive  vegeta t ion ,  I n  c e r t a i n  of t h e s e  a r e a s  t h e  

p ro tec t ive  vegetation i s  f u l l y  adequato, The eros ion  condit ions 

a r e  c l a s s i f i e d  on cap  11 according t o  t h e  fo l l av ing  f i v e  groups: 

( a )  i r r i g ~ t e d  lands and Brown s o i l  a reas  wi%h none t o  s l i g h t  

e ros ion  (17 percent  of t h e  watershed), (b) a r e a s  w i t h  s l i g h t  t o  

noderate e ros ion  (4 percont of t h o  t o t a l  a rea ) ,  ( c )  moderate 

eros ion  (34 porcont of t h e  watershed), (d) noderat  e t o  severe 

eros ion  (6 porcont of t h e  t o t a l  acreage) ,  sand (a )  severe e ros ion  

(39 pcrcont of t h e  watershed). I n  t h i s  final c l a s s  c e r t a i n  a r e a s  

of s i l t  depos i t ion  a r e  included. 



3. D a g e  t o  lands through s o i l  renova1 may be est imted on t h e  b a s i s  -- - 
o P ~ e s u l t m n t  l o s s  of grazing capac i ty  p lus  t h e  va lue  of a r a b l e  

lands destroyed through channeling and strepin-bank cut t ing .  Ac- 

cording t o  l o c a l  information and d a t a  submitted a t  t h e  publ ic  

hearings,  it i s  e s t i m t e d  t h a t  3,000 a c r c s  of a r a b l e  lands  have 

been destroyed i n  t h e  S m t a  Cruz, R i l l i t o ,  and Pantano Valleys 

during t h e  l a s t  50 ycars ,  represent ing  an estimtcd annual l o s s  

of  $900. De te r io ra t ion  of range land on account of s o i l  crosioll 

i s  c s t i r a t c d  a t  85 percent  of t h o  t o t a l  d e t e r i o r a t i o n  of  rango 

a l u c ,  o r  about $32,000 cuulually. ( see  nap 9). 

54. D ~ ~ c s  - from deposition -- of s i l t  and o ther  e ros ion  products  from 

t h e  s i l t i n g  of i r r i g a t i o n  d i t ches ,  c a r d s ,  and rock and brush 

d ive r s ion  dons caused by f l a s h  floods during t h e  last 45 years  

a r e  impossible t o  e s t i m t e .  No technique has been developed 

which neasures i n  nonetary t c m s  a l l  eros ion  los ses  on mngc end 

a g r i c u l t u r a l  lands . 
C. Dmage t o  Water Supplies 

55. It  is  not  known t o  what extent  my lawering of groundwater l e v e l s  

is due p r i n c i p a l l y  t o  high su r face  run-off and decreased i n f i l -  

t r a t  ion. 

56. Conditions t h a t  r e s u l t  i n  f l a s h  f loods  have probably shortened 

t h e  period of above- round flows i n  t h e  upper S,mta Cruz basin. 

Dzta a r c  not  available f o r  e s t i m t i n g  t h e  nonetary d m g e s  due 

t o  m y  decreased flaws. 
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57. Only occasionally have floods in jurcdvrel ls  usod f o r  doncstic 

purposes. The mount of such damages i s  no* knanm. 

D. Dmage t o  Wildlifo 

58. Fron ear ly  Southwestern accounts by t rave le rs ,  gevcrmcnt sur- 

veyors, others, t h e  Santn Cruz bcsin  abounded i n  w i l d l i f e  - 
bears, foxes, antelopes, doer, vjlld turkoys, and quai l ,  The 

Santa Cruz River had f i s h  i n  abundmco, nnd beavers Ivero nmer-  

ous d a m  a s  f a r  as  t h e  nouth of R i l l i t o  Creek. Wild duck3 and 

geese were a l so  abundant. (12, 40, 41., 1+9). The chnli;cs i n  t h c  

s t r c m  resu l t ing  fron accelerated surface m - o f f  and erosion 

my be min ly  rcspansiblc f o r  t h e  disappearance of tho  f i sh ,  

beavers, and rvild fowl. I t  i s  impossible t o  c s t i na t c  t h e  d m g e  

done t o  wi ldl i fe .  

Em Dxngc by Insects  and Weeds 

59. No npprecirrblo d m g e  i s  knowr, t o  have rosultcd f r m  t h c  spread 

of any insec t s  or weeds by flood waters i n  t h e  Santn Cruz water- 

shed, 

F. Othcr Land-Use Problms 

60. Data a r e  not  ava i lab le  t o  deternine t h o  a f f ec t s  of s i l t a t i o n ,  

i r~pa imon t  of water supply, and d m g c  by floods on standards 

of l iving,  tenancy, or  n o r t g a p  indebtedness, 



Ge Sucu3nry of A l l  Danagc 

61. Tho t o t a l  kncnvn dar:ages f ron  floods and erosion i n  t h e  Santa 

Cruz watorshod my be swnnarizod as follows : 

AVO annual d m g e  

Dancrgo by floods, highwater, and ex- 
cessive run-off: 

To ag r i cu l t u r a l  lands (par. 44) 
To nunicipel  and i n d u s t r i a l  proper t ies  ( ~ a r .  45) 
To bridges, railways, highvays, and cormorcia1 

l i ne s  ( ~ a r .  46) 
To other proportics and inprovcnents ( ~ a r .  47) 
To l ivestock and wildlife (par. 48) 
To intangibles  (par. 49) 
To lo s s  of l i f e  (50) 

D w g o  by erosion: 
To f a rn  lands by s o i l  r enwa l  (parr  53) 
To range lands by s o i l  renaval (par. 53) 
ban s i l t a t i o n  (par, 54) 
Intangibles ( t o  m r k e t  s,  human welfare, e t c  .) 

Danagc t o  water suppliss 
D m g o  t o  w i ld l i f o  
Danage by insec t s  m d  weeds 
Intangibles 

Total  

a*... 

' goo 
32,000 
.a.*.. 

VI a REMEDIAL MEASURES 

62. Problem areas. The Santa C m z  basin  m y  be divided i n t o  t h e  - 
following problem arcas  : (A) lower i r r i g a t i o n  area,  (B) Tucson- 

Nogalos nroa, (c) major surface run-off and s i l t -contr ibut ing 

arca ,  and (D) areas  that a r e  we l l  protected f ron erosion or 

have only l o c a l  erosion and run-off problem (see nap 12 f o r  

a reas  and major The control  of flood flaws and s i l t  

ca r r ied  by t h e  Santa Cruz River, ns  they  a f f ec t  problcn a rca  A, 

l i e s  p r inc ipa l ly  i n  measures t h a t  may bo applied on problcm 

a r e a  C. 



A. Flood and Erosion Measures 
i n  Effec t  

63. I n  a d d i t i o n  t o  t h e  s t r e m  improvenents nentioncd i n  paragraph 

43, s e v e r a l  C. C. C. cmps  have introduccd consomat ion  progrrns 

on t h e  Santa Cruz watershed, d i r ec ted  by t h e  S o i l  Conscrvixtion 

Sorvice, t h o  Forest  Service, and t h e  Divis ion  of Grazing. These 

involvod nochmical moasures , such as water spreaders ,  g u l l y  plugs, 

water  dovelopnents, fencing, otc., w i t h  f a i r  t o  good r e s u l t s  on 

comparatively smll areas .  The Agr icu l tu ra l  Ad jus tnent  Adninis- 

t r a t i o n  has conducted program w i t h  both  fann and ranch opera tors  

on o ther  t h a n  Federa l  lands, ir-cluding crop ro ta t ions ,  wa te r  de- 

velopmellts, fencing, rodent cont ro l ,  deferred grazing, spreader 

d m s ,  contouring, and revegotat ion.  There has been sono reguln- 

t i o n  of g a z i n g  by agreements between t h e  S o i l  Consorvation Ser- 

v i ce  and l ives tock  operators.  On t h e  National  Forest  a r e a s  graz- 

i n g  r egu la t ion  i s  i n  e f fec t ,  and c c r t a i n  areas have been c l o s d  

t o  grazing. 

B e  Changes i n  L a d  Use 

64. The e n t i r e  range a rea ,  but more p a r t i c u l a r l y  about 1,000,000 

a c r e s  i n  c r i t i c a l  condition, should be given d e t a i l e d  study. 

Within t h e  c r i t i c a l  a rea ,  f a i r l y  extensive withdrawal from r a g e  

uso nay b e  necessary. 

C. Changes i n  Land hhmgenent Idethods 

65. O n  extens ive  a r e a s  a reduction i n  t h e  nunber of s tock  would a l low 

inprovenent of  ranges through t h o  recovery of vogotation. Tho 
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r e s t r i c t i o n  and regulation of i r r i ga t ed  areas  m y  bo noccssary 

t o  safoguard established water r i zh t s .  Grazing and zoning regu- 

la t ions ,  possibly with acconpanying goverm-lent subsidies nay 

be required. 

D. Changcs i n  Ownorship 

66. Detailed investigations w i l l  have t o  be mado t o  dotornine what 

adjustnerrts a r c  necessar j  t o  es tab l i sh  t h e  proper re la t ionship  

bctwccn acreage of irr ip. tecl  land and t h e  usucl supply of water. 

Also, consideration should be given t o  public acquis i t ion  of 

c r i t i c a l  mngc areas  which a r c  unsuited t o  continuod grazing, 

i f  f lood dmagos and s o i l  erosion a r c  t o  be prevented. 

E, kg incc r ing  Dcviccs 

67. A t en t a t i ve  plan of t he  l oca l  in to rcs t s  include 2 non-stortrge 

d m  and dike near t h e  hcad of Green Canal t o  check tho flood 

waters of t h o  Santa Cruz and A v r a  Wash and t o  inprovc tho  vratcr 

supply of tho  Eloy D i s t r i c t .  Two othcr non-storrrgc d m s  f o r  

b e t t e r  u t i l i z a t i o n  of  flood-flaw vratcrs a r c  a l s o  colltmplatod 

( 1  3 3  I n  t h e  control  of s i l t  on problcr?. arcn C, f o r  t he  pro- 

t o c t i o n  of arcn A, engineering i s  p r h m r i l y  needed t o  supplcnont 

vegetation a s  n means of spreading surface run-off, stopping 

gul ly  hcad cutt ing,  and holding back s i l t .  C r i t i c a l  areas should 

be r e t i r ed  fron uso, a r t i f i c i a l  revegotation conducted on arcas  

t h a t  v i i l l  j u s t i f y  such e f fo r t ,  revegetation encouraged t h r o u ~ h  

conservative Land us c, -f oncing and wat c r  'dcvclopnent s construct cd, 

and grazing regulat ion pmct iccd,  



68. I n  problon a rea  B, plans proposed by l oca l  i n t e r e s t s  f o r  t h e  

conservation of vrator f o r  Tucson and aroGs above requiro en- 

gineering works i n  Sonoita Creek and upper Santa Cruz River 

near Nogales t o  serve a s  control  ou t le t  detention reservoirs  

(13). Simi la r  works a r e  proposed fo r  Canada d e l  Oro, R i l l i t o  

Creek, and Pantano Wash. (Nap 12). On range lands i n  probler;? 

a rea  B and i n  c r i t i c a l  spots on "D" areas,  t h e  control  of sm- 

face  run-off and s o i l  erosion may require any or  a l l  of t h e  mea- 

sures outlined i n  paragraph 67. 

F. Other Remedial l~feasuros 

69. I ~ v e s t i g a t i o n  w i l l  probably show t h e  need f o r  control  neasures 

other than those  previously mcntioncd. 

VII BBTEFITS FROIII PROPOSED IiWURES 

A. Water Conservation 

70. Owing t o  t h e  fac t  t h a t  most of t h e  vrator used i n  t h e  Santa Cruz 

watershed i s  pumped, considerable importance i s  t o  be attached 

t o  t h e  benef ic ia l  e f f ec t  t h a t  s t r ean  regulation and t h e  control  

of surface run-off w i l l  have on groundwater recharge. 

B. S o i l  Conservation 

71. It  i s  e s t b t e d  t h a t  proposed control  measures w i l l  reduce by 

about; $25,000 t h e  present s o i l  losses  of about $32,900 annually 

(par. 53). 



C. Deposition Corroction 

72. I t  may be assumed t h a t  w i t h  measures t o  con t ro l  sur face  run- 

o f f  and s o i l  erosion,  tho  s i l t  load of f l a s h  flood flows would 

be ma te r i a l ly  reducod. Howevcr, it i s  not  possible t o  e m l u n t e  

such benef i t s .  

D. IVildlife Benefi ts  

73. No means are known o f  es t imat ing  benef i t s  t o  w i l d l i f e  i n  the  

Santa Cruz watershed from t h e  con t ro l  of f loods,  sur face  run- 

off, and s o i l  erosion. 

E. s a n i t a t i o n  

74. Retardat ion of  f l a s h  f loods should decrease markedly t h e  in-  

conveniences su f fe red  by persons who l i v e  i n  areas  t h a t  have 

been inundated, and should nmke secure a s a n i t a r y  water  supply. 

F. Extent of  Damage Reduction 

75. Proposed f lood con t ro l  measures w i l l  probably reduce annucl 

damages a s  fol lows:  To crops, $19,530; t o  municipal m d  in- 

dus t r i a l  p rope r t i e  s, $3,600; t o  br idges ,  rai lvrays , and highways, 

$6,300; t o  r u r a l  proper ty  ( including i r r i g a t i o n  works), $4,960; 
' 

or  a t o t a l  of $34,390 annually o f  $.!@,lo0 damages ( ~ a r .  51). 

G. Economic and Soc ia l  Conscqucnces 
o f  Remedial Mcnsurcs 

76. - Enhanced value of property might not  r e s u l t  from proposed i m -  -- - 
provements ; but w i  thout  such t reatment va lues  may poss ib ly  

dec l ine  about 25 percent  i n  t h e  next  50 years ,  unless  f lood 

and erosion c o n t r o l  programs a r e  devcloped. 

77. The mi t iga t ion  of floods and accelerc..ted sur face  run-off and 



e r o s i o n  should t end  t o  encourage se t t l emen t  i n  a r e a s  hers to-  

f o r e  considerod unsafe. Concurrent wi th  t h i s  expected inc rease  

i n  populat ion,  i r r i g a t i o n  a g r i c u l t u r e  w i l l  probably become both 

a b s o l u t e l y  and r e l a t i v e l y  more important  than  a t  present .  Publ ic  

revenues w i l l  probably inc rease  wi th  genera l  watershed improve- 

ment and community development. 

78. Any r c t a r d a t i o n  o f  f l ood  f lows m d  c o n t r o l  of d e s t r u c t i v e  f l a s h  

f loods  should n o t  on ly  inc rease  business  confidence bu t  a l s o  

t h e  p r o s p e r i t y  of  t h e  people and agencies  concerned. Such in -  

t a n g i b l e  b e n e f i t s  cannot be estimated. 

H. Tota l  Benef i t s  

79. A summary of t h e  foregoing b e n e f i t s  fol lows:  

I tem - 
Estimated 

Annua 1 Benef i t  -- 

IVater conserva t ion  (par.  70) $ . . . . . . . . 
S o i l  conservat ion ( ~ a r .  71) 25,000.00 
Deposi t ion c o r r e c t i o n  ( ~ a r .  72) . . . . . . . . 
W i l d l i f e  (par .  73) . . . . . . . 
S a n i t a t i o n  (par. 74) . . . • . . . . 
Reduction of  f lood,  h igh  water  and 

excessive run-off damages t o  crops,  
municipal and i n d u s t r i a l  p rope r t i e s ,  
b r idges ,  r a i  lwnys and o the r  p rope r ty  
(par. 75) 34,390.00 

Economic and s o c i a l  consequences ( ~ a r . 7 6 )  .... O... 

Tota l  annual  b e n e f i t s  $59~390.00 

O f  t h e s e  $59,390 es t imated  annun 1 b e n e f i t s ,  about $&, 540 w i l l  

accrue t o  t h e  public.  

VIII. COOPZRATION 

80. Chapter 81, A r t i c l e  5 ( ~ r a i n n g e  ~ i s t r i c t s )  and A r t i c l e  6 ( ~ l o o d  

Control  D i s t r i c t s )  of Arizona s t a t u t e s  provide f o r  Federal  co- 



operation i n  t h o  a p p l i c a t i o n  of neasures f o r  t h o  con t ro l  o f  f loods.  

81. Thcsc A r t i c l e s  provido f o r  t h c  organiza t ion  of a f lood con t ro l  

d i s t r i c t  i n  t h o  s m e  nanner a s  is  provided by A r t i c l e  5 r e l a t i v e  

t o  drainage d i s t r i c t s ,  to-wit : "Whenover f i v e  or noro  holders  

of t i t l c  o r  ovidence of tit10 t o  improve lands that a r c  subject  

t o  ovcrflaw o r  washing o r  menaced o r  threatened by t h o  u n u s ~ a l  

flaw o r  f lood of m y  n a t u r a l  wa te r  course . . . whether p a r t i a l ,  

i n t o r n i t t e n t ,  o r  flood, and capable of being protec ted  o r  re- 

l i eved  f ron  such o v e r f l m  o r  ncnacc, d e s i r e  t o  provide f o r  t h e  

p r o t e c t i o n  of such lands. ..." A r t i c l c  5 covors t h o  n a t t e r s  of 

r i g h t  -of -way, nain temnco,  and l i a b i l i t y .  

82. Outside of s t r c a n  inpravemon-b (par. 43), e ros ion  c o n t r o l  and 

' surface  run-off t r e a h e n t  i n  t h e  Santa Cruz bas in  havo bccn con- 

f i n e d  t o  work by t h e  Forest  Service  on Nat ional  Fores t  a reas  

(map 8)  and on l i n i t c d  a r e a s  by t h e  Divis ion  of Grazing and t h e  

S o i l  Conservation Scrvico through t h o  uso of C i v i l i a n  Conscrva- 

t i o n  Corps l abor  (par. 63) . 
83. Dooperative p lans  by Federal agencies f o r  a survey and t h o  app l i -  

c a t i o n  of moasuros f o r  t h e  c o n t r o l  of f loods,  surface run-off, 

and s o i l  e ros ion  f o r  t h e  conservation of n a t u r a l  resources  i n  t h e  

Santa  Cruz watershed have received support i n  signed rosolu t ions  

presentcd t o  t h e  D i s t r i c t  Engineers (war ~opar- tnent )  by t h e  Piml 

and Scrnta Cruz Counties Boards of Supervisors and t h e  IJogales 

Chamber of Comcrce, The Tucson representa t ives  expressed ap- 

proval  and cooperat ion proGided t h e i r  waker r i g h t s  were respect  ed. 
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of  pre l iminary  e x m i n a t i o n  of Santa  Cruz River  and Sonoita  Crook, 

Scnta Cruz County, Arizona. A s i m i l a r  hea r ing  was h e l d  a t  Casa 

Grando, Arizona, September 22, 1937, ill t h e  o f  pre l iminary  

e x m i l l a t i  on of lower Santa Cruz River,  P inn l  Cou~lty. Represonta- 

t i v c s  of t h e  Dopartrnent of d g r i c u l t u r c  at tondod both meetings, 

and l o c n l  i n t o r e s t s  were w e l l  represented. The Tucson represcnta-  

t i v e  a t  t h e  Nogrles hcnring,  a l though i n  favor  o f  ' 'flood con t ro l  

whereby e ros ion  m y  be stopped, d e s t r u c t i o n  of highway bridges 

and much o t h e r  proper ty  damage avoidedt', expressed d isapproval  

of s to rage  r e s e r v o i r s  i n  upper Santa  Cruz, bu t  favored de t en t ion  



Table 1.-Soils of  Santn Cruz y h t c r s h e d  

S o i l s  : Orig in  : . . 
m d  : of soil- : Color t e x t u r e  : Vegetation : : I n f i l -  : Disper- : Erodi- 

percent  of :  forming : cover Slope : t r a t i o r  : s i o n  
watershed : m a t e r i a l s  : Topsoi l s  : SuSsoi ls  : ( n a t u r a l )  : l o c a t i o n  : r c t e g  : t o  : it - 
Sicrozem :Granites :Gmy t o  :Grayish t o  :Desert  shrub :P ln in l ike  a reas  :Lovr t o  :Very high :Sigh 
o r  :Basal t  . : l i g h t  red- : l i g h t  reddish:  :and g e n t l e  t o  :medium : 
Desert  :Rhyolite :d i sh  brown :brovm : r a t h e r  s t e e p  : 

:Schis t  :slopes 
56 :Limestone :Sandy l o r n  :Sandy loam :Desert  grass-  : 
pe rcen t  : : Loam :Heavy sandy :shrub 

: lorn . 
:Calcareous : 
:hardpan 

Southern : Bssa l t  :Light gray- :Grayish brown :I1~oodlmd :Gently r o l l i n g  :Higher :l:Iedium t o  :I;ledium t o  
Bro~vn :Rhyolite : i s h  brown to : to  d u l l  red- :Grassland :lands t o  s t eep  :than :high :high 
44 :Granites : du l l  r e d d i s h  :dish brown :Semidesert :s lopes :dese r t  : 
percent  :Limestone :brown : gras  s-shrub : : s o i l s  : 
oxclusivc :Shales 
of Mexico :Schist  :Sandy loam :Heavy l o r n  : 
p a r t  :Lorn :Clayloam : 

:Clay l o r n  :Clay 

y ~ o n c l u s i o n s  by J o e l  E. F le tcher ,  s o i l  Conservation Service, based on e r o d i b i l i t y  i n v e s t i g a t i o n s  o f  sonc s o i l s  
of t h o  uppor G i l a  vratershcd. 1937 - Unpublished ms. 



Tzble 2.-lhjor Uses of Farm Lnnds, D i s t r i  bu t ion  of Cropland 
I n t o  P r i n c i p a l  Crops, and Nunbers of Livestock (1935) f o r  

Santa  Cruz !-Tatorshed* 
1930 193 5 ].?:','; 

1_-- _." .. ..-.. -.* .. . 
~lpprox ina t e  acrcage i n  limtcrshed 5,681,200 5,681,200 5,681,200 
Approxinnte acrcagc i n  farm l m d  1,350,096 2,014,177 

Proport ion of l and  i n  f a m s  (23.76%) (35.45%) 

Acreage of farm l and  a r e a  i n  -** 
Cul t iva ted  - 98,081 

Cropland harves ted  49,163 
I r r i g a t c d  cropland harvested*** 
Crop f a i l u r e  7,771 
Cropland i d l e  o r  f a l l ow 41,147 

Natura l  - 1,2521278 
Plo-~vablc pns turo  9,256 
l ' i o~d lmd  pas tu re  210,335 
Other pas turo  995, 582 
A l l  o the r  land i n  fwms 37,105 

Acreage of cropland hnrves ted  i n  ( s e l e c t e d  c rops)  
So i l -p ro t ec t ing  crops 

i ' i l fnlfn 
Darloy 
? l in te r  wheat 

Non-Soil-Protecting Crops - 
Corn f o r  g r a i n  
Cotton 
S o r g h u ~ s  f o r  g r a i n  

Horses and xulcs--al l  ages 
C a t t l e  and ca lves- -a l l  ages 
Co~vs zlld h e i f e r s  nilk'cd dur ing  a l l  o r  

p a r t  of 1929, 1934. 
Sheep and l m b s  on f a n s  
Chickens on hand over 3 months o l d  
Turkeys on hand ovcr  3 months o l d  
Swine on farms, a l l  cgcs 
Goats and k i d s  o f  a l l  ages 

--- 
*hpproxinc.tions from Federal Farm Census, ycars  1930 2nd 1935. Es t i n a t -  
os f o r  year  1937 were compiled from repor t s  and d a t a  from Coun'cy Agri- 
c u l t u r a l  Agents o f  Pima a d  P ina l  Counties, Dept. of i i g r i c u l t u r n l  En- 
gineoring,  3cpt.  of l ~ g r i c u l t u r a l  EconoiG.cs, and ~"lizorla a 2 r i c u l t u r c l  
Expcrimcnt S t c t i o n  of t h e  Univers i ty  of  Xrizona. In  1937 th= croplnrd 
of t h c  S a l t a  Cruz watcrshcd vras i ' r r iga tcd  from waters  of  Gi la  River and 
t r i b u t n r i c s  (about  407;) and a l s o  of Santn Cruz River ~illd tributaries 
(nbout 5%). Bettvccn 1930 md 1936, t h e  nunber of f 'arncrs increased 
from about  1,600 t o  about  2,100, t h u s  accouiiting poss ib ly  f o r  t h e  l a rge  
inc rease  i n  "o ther  pnsture" l m d .  
**Acreage da t a  a r e  used i n s t e a d  of percentage of  land i n  farms bcc:~usc 
the  propor t ion  of c u l t i v a t e d  m d  n a t u r a l  lands t o  t o t n l  acrcc-go i n  tho 
wntorshcd i s  v e r y  small. 
***Ir r iga ted  c ropland  hcxvested i s  inc luded  i n  "cropland hnrvcotcrl." 



Table 3.-Trend i n  N ~ ~ n b c r  o f  Faras. A11 Land i n  firms. C r o p l c ~ ~ d  
Rarvosted. Spcc i f icd  F a m  Values. Olimcr-Opcrrtcd and Rcntcd 

Farn h n d .  a n d  Farm Tenancy i n  t h e  Santa Cruz ','iakorslicd. 
Arizona 

( l ~ p ~ r o x i n a t c d  from Fodcral Fnrm Ccnsus) 

Number of Paras A p r i l  1. 1930. & Jan . 1. 1935 1. 582 2. 099 .................... A11 land  i n  fn rns  a r c s  1.350. 096 2.014. 177 
I1 Average pc r  farn ...................... 8. 534 9. 596 

To ta l  cropland harvostcd. 1929 & 1934: 
Fzms r e p o r t i n g  ................... nunbcr 1. 171 
hcrcago .............................~~.~~ 498 163 57. 589 
Average po r  fam ....................a~r.~ lr9 
Pcrccntagc of a11  f 'vns ........... pcrcont  55.7 

To ta l  i r r i g a t e d  cropland h m v c s t c d  i n  1929 & 1934: 
Farms r e p o r t i n g  ................... nmlber 902 
;+creage ............................. ac re s  52. 437 
Average p e r  farm ......................c.cs 53 
Pcrcentagc o f  a1 1 f w n s  .......... .pz 46.8 

Dry f a r m  cropland h a r m s t c d  i n  1929 E 1934: 
iicres .............................e.m.~r.~ 
Percentage harvcs tcd  ............... pcroc1.t 

Spec i f i ed  farn valuos. 4/1/30 and 1/1/35 : 
Farm land  and h i l d i a g s  ............... % 20.143. 431 18.086. 893 

Average pcr  f a r n  .................... $ 12. 732 8. 617 
i ~ v e r a g e  pe r  ~zcr..................... $ 15 9 

A l l  f a r n  bui ldings .................... $ 2.633. 534 
1"ivcrage pe r  f a r m  ...................... $ 1. 665 

Farlil machinery and i n p l e i l m t s  ........... $ 1.492. 522 
Average pcr  f a r m  ...................... $ 943 

Ovmcr-opcratod and r c n t c d  f a r m  land:  
Ocmer-cpcrnted farm land  

i ~ c r e a g e  ................me............... ... P e r c c n t a ~ e  o f  n l l  land i n  farms pcrccnt  
Rcnted f a r m  land - 

Acreage ..............................~..~ 
Percentago of a l l  land i n  f a r m  .. pcrcont  

Wun~ber and pcrcontage of opora tors  by t enu re :  
Owners - 

m i t e  ........................... ..nwnber 
Colored ........................... nunbcr 

Perccntcge o f  t o t a l  ................ pe rcen t  
P a r t  Obvnors - ............................. ?.~?zito nw.iber 

Colored ........................... nuxber .............. Perccntago of t o t a l  .percent 
Managers . 

T h i t e  ............................. ..nunbor 
Colored ............................. n w b c r  .. Percontagc of  t o t a l  .....l....e...t. pcrccnt  

Tencats md  croppers  . 
.Ijhitc ............................... n w b o r  
Colored .......................m..... nulbe r  

Pcrccntage of t o t a l .  ................. porccnt  



Tablo 4.-ku1d Ownership i n  the Santn Cruz Tiatershed 

(hpproxinatod from hand Oxnorship &kips 
.of Lrizonn Stnto Planning ~ o a r d )  

Sq. 1.tile.s Acres - 
Federal lmds  : 

National Forests 854. 66 546,980 
national Idonumonts 63.82 40,843 
I n d i a  Roservat ions 2,227096 1,425,893 
Public damin m d  othor 1,019.62 652,558 

Subtotal 4,166.06 2,666,274 

State lands: 2,634.07 1,685,802 

Private lands : 

TOTAL 8,876.87 5,681,200 

Percent 
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Table 5.-Annual Rainfall and Mininun and I imun Fall  on 

Santa Cruz lrhtorshedl P 

Station 
Feet - Ycars In. - In* - In. - 

1. fbricopa 1,186 61 8.12 0.38 14.0lr. 

2. Sacaton 1,280 29 9.40 5-43 16.75 

3. Czsa Grmdo 1,400 53 8.30 2.02 19-52 

5, Red Rock: 1,856 35 9. 61 3 29 15.16 

6. Indim Oasis 2,400 12 12.56 10.12 20.28 

7. Tucson 2,423 70 11.20 5.26 24.17 

8, Silver Bell 2,664 16 13 19 11.42 1 5 , O l  

9. Vail 3,241 35 10.98 2.93 20.12 

10. Pantano 3,538 22 12.37 3.35 18.04 

12. Santa Margnrita 4,000 20 19.28 8.99 30.34 

13. Fresnal School 4,000 15 18.50 10.93 26.86 

14. Patngonia 4,044 16 18.05 13.37 26.45 

16, Oracle 4,522 44 18.73 10.72 3b. 12 

17. Roscmont 4,800 17 17.73 10.68 2,7.h.l 

19. Canille - 5,225 26 19.62 10.89 30.92 

@ata for tho faur Dcscrt La3orztory Stations arc cs follovrs: 
kboquivari, E l .  3,675, 5 yr., sumlcr 12.5 in. winter 6.0 in., av. 
annual 18.3. S ie r r i t a  l,Its., El. 4,100, 9 yr., surmcr 10.5 in., 

. 7::i~ter 5 in., av. annual 16.9, A v r a  Vallcy, E l .  2,400, 10 yr., 
- . i ; i :~-l;cr. .h,~~ i31,, nurwr 3.55 in., av. annual 9.6 in. Soldicrst 

Camp, El.  7,875, 11 yr., s m e r  18.37 in., ~vinter  15.8 in., av. 
annual 34.2 in. 

$Jininun and m.ximum 3.10 for  lo~~rcs t  and. highest yew. 



Table 6.-Discharge of Streams of Santa Cruz 7iTatershed 

-- . -- - --- 
: S i z e  : :Monthly su r face :  

Areas, s t a t i o n ,  and : of :Period : Average : 0 : H i g h e s t  --- ------.- drainage :drainage: of : annual : , : , : peak , 

: a r e a  :record :discharge: mum : m : >lot&/ -- 
Sq.ldiles Y r .  Acre-Ft. Acre-R.Acre-Ft, Sec.-Ft. - 

Area 1 473 a 19,268 0.00 17,800 14,000 
S t a t i o n  &/ Notun-  kug. Aug.31, 
Upper Santa Cruz, in- common 1931 1935 
cluding l?Icxico par t  

Area 4 Less 8 7,727 0.2 4,7102/ 20,000 
S t a t i o n  B than  Aug 01933 

24.2 
Aug. 

Sonoita  Creek Aug 01935 1934 

Areas 1, 2, and 4 2,080 32 16,397 0.00 54,900 11,400 
S ta t ion  C Common Dec. Sept. 28, 
Santa Cruz above 19 4 1936 
Tucson 

S t a t i o n  D 37 7 5,590 0.00 3,810 700 
Sabino Canyon Oct-Dec. Feb. July  15, 

----- -.-------. 1936 1935 1932- 

Areas 5 and 6 Less 23 20,645 0.00 lO7,OOO &,00&& 
S t a t i o n  E .than Common Dec. Scpt.23, 
Rillito-Pantano-Cienega 921 1924 1929 - 

l/For loca t ion  of  s t a t i o n s ,  s ee  map 10. 
F / ~ u r i n ~  t h e  length  o f  period indicated,  
g/During period of no record ( ~ e c ,  1933 t o  June 1935); determined from - 

highwater marks, 
k / ~ s t i m a t  ed, 



Tciblc 7 , a i s b h ~ r g o  o f  Santa Cruz River a t  Tucson 

--  rainag age area, 2,080 miles) - 
:Annual : By months in ncrc-foct 

 cad :(A.-ft.): Oct. : NOT. : Dec. : Jan. : Fcb. : )>far. : ,G. : k y  : June : July : Aug. : Sspt.  

1905-06 27,000 -- 12,800 2,190 615 9,320 2,080 o o o 0 o o 
1906-07 2,640 o O 2,640 o o o O O o o o O 
1907-08 12,480 0 0 0 130 1,750 130 90 0 0 0,100 2,280 0 
1908-09 15,340 0 0 78 120 140 130 230 50 0 5,820 7,510 1,260 
1909-10 5,940 200 160 200 0 28 143 0 70 0 4,Wll 590 8 
1310-11 ",,, *95 *o *2,!,.2 -- -- -.- -- -- -- -- -- - - 
1911-12 -- -- -- *o *r) *o *o *o "- -- -- - - 
1912-13 2,810 129 300 606 775 655 85 0 0 0 0 193 67 
1913-4 1,820 0 18 18 0 4 18 0 0 40 762 960 0 
194-15 80,160 170 360 54,900 10,400 11,200 3,070 4 0 0 60 0 0 
1915-16 378300 0 0 0 24,500 587 0 0 0 0 2,700 0,380 1,330 
1916-17 28,430 141 0 0 0 0 0 0 0 0 8,550 10,400 9,340 
1917-18 4,940 0 0 0 0 33 12 0 0 77 224 Lc3590 0 
1918-19 27,520 25 0 80 0 0 0 0 0 0 15,400 9,840 2,170 
1919-20 7,920 o 464 473 3,760 242 o o o 12 455 1,830' 684 
1920-21 32,000 0 0 0 0 0 0 0 0 0 5,200 23,600 3,200 
1921-22 10,860 o o o 412 o o o o 0 4,060 5,520 663 
1922-23 15,680 O O O O 0 0 0 O 0 4,360 11,300 18 
1923-24 3,700 0 2,180 546 248 0 337 103 o 0 286 0 0 
1924-25 6,940 0 o o o o 0 0 0 30 1,730 2,700 2,480 
1925-26 20,220 92 369 16 7 1 2 31 60 o o 220 750 18,600 
1926-27 3,l40 221 107 203 16 10 0 0 0 0 8 7 i  1,190 1,120 

o o o o 52 o o o o 40 2,210 250 
0 0 0 0 0 0 0 0 4,800 8,500 11,000 
o o o 60 1,290 0 2,080 3,020 aio 
2 2 2 4,600 0 0 

0 0 0 
$3 l 3  5,440 2,400 3,020 

1,320 0 3,620 o 0 6,740 3,050 o o o o 6 o o o o 920 1,560 4,520 
2 0 20 0 0 0 0 

0 
536 6,540 250 

0 32 0 0 1,210 8,250 10,110 
0 597 0 0 0 0 3,720 3,310 801 

0 0 0 0 0 0 1,760 5,400 1.100 
Average 0 620 2,073 1,505 970 245 16 11 52 3,009 4,525 2,413 
lnecords prior t o  1926 were taken by the Univ. of Ar i z .  
Ti1937 record subject t o  correction. by U.S.G.S. 

5 
Ir !Jot included i n  yearly total  nor In monthly average. 
--Vn r e n o r d  tplren 



Table 8.-Conponent Subdrainages of Santa Cruz Tlatershed and ~ r a i i c n t  of Strems 

Uain stream course 
: Average : : Thnlwen : Total : Av. f a l l  

- Subdrainage area - : Length : width : Area : lengthw : f a l l  : per mile 
-A- 

: !files i.FiLle~ Sq.z-lCSi.Iile~ --- - l'k . - k't . - 
1. Santa Cruz above Intake damsite,: 

i n c l u d i n ~   art i n  !~rIoxico : 25 20 543 66.0 1,804 27.0.. 

2. Smita Cruz above Tucson : 65 20 1,396 85.0 1,148 13.5 

3. Santa Cruz below Tucson : 80 18 1,575 89.0 820 9.0 

. Sonoita Crook : 15 15 242 0 1,&8 48.0 

5. Cicnega Creek : 30 12 406 - 33.0 1,650 , 50.0 

6. R i  llito-Pantano : 30 16 506 42.0 2,132 51.0 

7. Canada do1 Oro : 10 260 31-5 1,804 57.0 

8. liIcClcllcln Vash : 30 . 15 &9 27.0 1,312 49.0 

9. Ann-Altar : 80 18 1,420 87.0 2,132 24.5 

10. Greens Reservoir , : 15 7 116 15.0 200 13.0 

11. , Santa Rosa, ccs t  branch : 50 16 808 54.0 980 18.0 
. . 

12. Santa Rosa : 72 19 1, 357 87.0 1,300 15.0 

13. Santa Rosa, west branch : 36 9 330 , 42.0 1,050 25.0 iG 
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