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PACIFIC SOUTHWEST WATER PLAN 

APPENDIX 

Bureau of Rec lama t ion  

I n  t h e  Co lo rado  R i v e r  B a s i n ,  d r a i n a g e  b o u n d a r i e s  h a v e  not  been  
r e c o g n i z e d  as a r e s t r i c t i n g  b a r r i e r  t o  water r e s o u r c e  development 
and u s e  f o r  many y e a r s .  Waters of t h e  C o l o r a d o  R i v e r  d r a i n a g e  a r e a  
e i t h e r  a re  b e i n g ,  o r  w i l l  s h o r t l y  b e ,  d i v e r t e d  f rom t h e  Co lo rado  
B a s i n  t o  b e  ming led  w i t h  t h e  w a t e r s  of t h e  B o n n e v i l l e  B a s i n  and t h e  
P l a t t e ,  A r k a n s a s ,  R i o  Grande ,  Los  Ange le s ,  Owens, S a n t a  Ana, San  
Diego,  Sac ramen to ,  and  San J o a q u i n  R i v e r s .  A s  w a t e r  n e e d s  become 
more c r i t i c a l  i n  t h e  West ,  r i v e r  b a s i n  b o u n d a r i e s  w i l l  become even 
less  r i g i d  i n  w a t e r  and  l a n d  r e s o u r c e  development .  

A l l  of t h e  s u r f  a c e  and unde rg round  w a t e r  r e s o u r c e s  of t h e  
P a c i f i c  Sou thwes t  area h a v e  been  c o n s i d e r e d  i n  development  of t h e  
P a c i f i c  Sou thwes t  Water P l a n .  I n  a d d i t i o n ,  some of t h e  s u r p l u s  
w a t e r s  f rom t h e  n o r t h  c o a s t a l  b a s i n s  i n  C a l i f o r n i a  a r e  c o n s i d e r e d  
f o r  i m p o r t a t i o n  t o  t h e  a r e a .  S a l i n e  w a t e r  c o n v e r s i o n  p l a n t s  and 
r e u s e  of  r e t u r n  f l o w  and sewage e f f l u e n t  a r e  a l s o  i n v o l v e d  i n  t h e  
p l a n  of development . 

The e x i s t i n g  and proposed  deve lopmen t s  i n  t h e  C o l o r a d o  R ive r  
B a s i n  a n d  i n  t h e  C e n t r a l  V a l l e y  and  n o r t h  c o a s t a l  b a s i n s  of 
C a l i f o r n i a  are i n f l u e n c e d  by ,  and  i n f l u e n c e  t h e  f o r m u l a t i o n  o f ,  
any  p l a n  which p roposed  a d d i t i o n a l  u s e s  of t h e  w a t e r s  i n  t h e s e  
sys t ems .  

To a t t e m p t  t o  document t h e  w e a l t h  of i n f o r m a t i o n ,  p l a n s ,  and 
a l t e r n a t i v e  p l a n s  f o r  w a t e r  r e s o u r c e  development  t h a t  h a v e  been  
c o n s i d e r e d  t o  accompl i sh  v a r i o u s  p u r p o s e s  i n  t h e  P a c i f i c  Southwest  
would b e  beyond t h e  scope  of t h i s  append ix .  A p a r t i a l  l i s t  of com- 
p l e t e d ,  o r  soon t o  be  comple t ed ,  Bureau  of Rec lama t ion  r e p o r t s  
which a r e  p e r t i n e n t  t o  t h e  problem i s  t h e r e f o r e  p r o v i d e d  and t h e  
s e v e r a l  a1 t e r n a t i v e  p l a n s  f o r  sea- w a t e r  d e s a l t i n g  and Cal i f  o r n i a  
supp lemen ta l  d i v e r s i o n  r o u t e s  which were  p r e s e n t e d  b r i e f  1 y  i n  t h e  
r e p o r t  a r e  d i s c u s s e d  i n  f u r t h e r  d e t a i l .  

P a r t i a l  L i s t  of P e r t i n e n t  Bureau of  Rec lama t ion  R e p o r t s  

B u t t e s  D a m  and R e s e r v o i r ,  Midd le  Gila R i v e r  P r o j e c t ,  A r i z o n a ,  
J a n u a r y  1961 

C e n t r a l  Ar i zona  P r o j e c t ,  Arizona-New Mexico,  December 1947 
C e n t r a l  A r i z o n a  P r o j e c t ,  Supp lemen ta l  R e p o r t ,  Arizona-New Mexico 
D i x i e  P r o j e c t ,  U t a h ,  Oc tobe r  1961 
S o u t h e r n  Nevada Water Supp ly  P r o j e c t ,  Nevada,  J u n e  1963  
E a s t  S i d e  D i v i s i o n ,  C e n t r a l  V a l l e y  P r o j e c t ,  C a l i f o r n i a  



Colorado River  Water Sa lvage  
Palmdale  P r o j e c t ,  C a l i f o r n i a  
S a n t a  M a r g a r i t a  R iver  P r o j e c t  
San L u i s  D i v i s i o n ,  C e n t r a l  V a l l e y  P r o j e c t  , Cal i f  o r n i a  
T r i n i t y  River  D i v i s i o n ,  C e n t r a l  V a l l e y  P r o j e c t ,  C a l i f o r n i a  
C a l l e g u a s  Bas in  Reconnaissance R e p o r t ,  C a l i f o r n i a  
Arizona-Colorado River  D i v e r s i o n s  P r o j e c t s ,  Ar izona  
I n v e n t o r y  of Water Resources ,  Arizona 

A 1  t e r n a t i v e  P l a n s  f o r  Import  from Northern  C a l i f o r n i a  and f o r  
D e s a l t i n g  P l a n t s  

The f o l l o w i n g  d e s c r i p t i v e  m a t e r i a l  and drawings  p r e s e n t  t h e  
a l t e r n a t i v e  r o u t e s  f o r  i m p o r t i n g  s u r p l u s  n o r t h e r n  C a l i f o r n i a  w a t e r  
t o  t h e  Southwest  a r e a s .  More d e t a i l e d  i n f o r m a t i o n  on t h e  import  
p l a n  from t h e  Lower Eel  R iver  and t h e  Lake Havasu Aqueduct,  and t h e  
d e s a l t i n g  a l t e r n a t i v e  i s  a l s o  i n c l u d e d .  Seven a l t e r n a t i v e  import  
r o u t e s  show t h e  r e l a t i o n s h i p  t o  demands and proposed f a c i l i t i e s  f o r  
t h e  E a s t  S i d e  D i v i s i o n ,  C e n t r a l  V a l l e y  P r o j e c t  w i t h  t h e  conveyance 
of 1 ,200 ,000  a c r e - f  e e t  of supplementa l  wa te r  f o r  s o u t h e r n  C a l i f o r n i a  
o b t a i n e d  from proposed s t o r a g e  r e s e r v o i r s  on T r i n i t y  R i v e r  and Sou th  
Fork T r i n i t y  R i v e r .  The m a t e r i a l  a l s o  d e s c r i b e s  t h e  f e a t u r e s  r e q u i r e d  
and accomplishments o b t a i n e d  w i t h i n  t h e  C e n t r a l  Val l e y  Bas in  i n  
C a l i f o r n i a  under  each a l t e r n a t i v e  p lan.  

The P a c i f i c  Southwest  Water P l a n  con templa tes  t h a t  conveyance 
of t h e  i n i t i a l  supp ly  of 1 ,200 ,000  a c r e - f e e t  i n  t h e  P h a s e  I program 
would be through a n  i n c r e m e n t a l  enlargement  of t h e  C a l i f o r n i a  
Aqueduct r e f l e c t e d  i n  a l t e r n a t i v e  p l a n s  2  and 3. 

Fol lowing t h e  d i s c u s s i o n  of t h e  seven a l t e r n a t i v e  methods of 
conveying t h e  i n i t i a l  1 , 2 0 0 , 0 0 0  a c r e - f e e t ,  t h e r e  i s  a d e s c r i p t i o n  
of t h e  proposed means of c o n s e r v i n g  and conveying a n  a d d i t i o n a l  
1 ,200 ,000  a c r e - f e e t  t o  Lake Havasu. The s t o r a g e  r e s e r v o i r s  con- 
t empla ted  f o r  t h i s  supp ly  a r e  on t h e  Lower Eel  River  i n  t h e  North 
C o a s t a l  s e c t i o n  of C a l i f o r n i a .  The d e s a l t i n g  a l t e r n a t i v e  a s  a  
p r o s p e c t i v e  source  of wa te r  s u p p l y  f o r  t h e  P a c i f i c  Southwest  a r e a  
a l s o  i s  d i s c u s s e d .  



A 1  t e r n a t i v e  Rou te  Summary- - Seven a1 t e r n a t i v e  r e c o n n a i s s a n c e  p l a n s  f o r  
conveyance  of a n  a d d i t i o n a l  a n n u a l  s u p p l y  of 1 , 2 0 0 , 0 0 0  a c r e - f e e t  of 
water t o  s o u t h e r n  C a l i f o r n i a  are p r e s e n t e d  i n  t h i s  s e c t i o n .  A 
t a b u l a r  summary comparing t h e s e  p l a n s  f o l l o w s .  

I n  b r i e f ,  t h e s e  a l t e r n a t i v e  p l a n s  a l l  r e l y  on c o n s e r v i n g  t h e  
a d d i t i o n a l  1 , 2 0 0 , 0 0 0  a c r e - f e e t  of w a t e r  i n  two p roposed  r e s e r v o i r s  
on t h e  T r i n i t y  R i v e r  sys t em w i t h  d i v e r s i o n  t o  Sac ramen to  R i v e r .  A s  
i n d i c a t e d  i n  t h e  d i s c u s s i o n  of t h e  a l t e r n a t i v e  p l a n s ,  t h e s e  p roposed  
r e s e r v o i r  s t o r a g e  sys t ems  on T r i n i t y  R i v e r  and a p p u r t e n a n t  d i v e r s i o n s  
s h o u l d  be  a u t h o r i z e d  f o r  c o n s t r u c t i o n  and  o p e r a t i o n  by  t h e  Bureau  of 
Rec lama t ion .  

The a d d i t i o n a l  w a t e r  s u p p l y  i s  c o n s i d e r e d  t o  b e  conveyed t o  
s o u t h e r n  C a l i f o r n i a  t h r o u g h  t h e  f o l l o w i n g  a 1  t e r n a t i v e  r o u t e s :  

( a )  Enlargement  of C a l i f o r n i a  Aqueduct  a l o n g  wes t  s i d e  of 
S a n  J o a q u i n  V a l  l e y  t h r o u g h  Tehachap i  pumping p l a n t s  and 
t u n n e l s ,  and  t h e n c e  t o  P e r r i s  R e s e r v o i r  ( A l t e r n a t i v e  
P l a n s  2  and  3 ) .  

( b )  Enlargement  of E a s t  S i d e  D i v i s i o n  on e a s t e r l y  s i d e  of 
S a n  J o a q u i n  V a l l e y ;  t h e n c e  c o n n e c t i n g  w i t h  C a l i f o r n i a  
Aqueduct  immedia te1  y  n o r t h  of Tehachap i  Mounta ins ,  f rom 
which l o c a t i o n  t h e  C a l i f o r n i a  Aqueduct  would b e  e n l a r g e d  
t o  i t s  t e r m i n u s  a t  P e r r i s  R e s e r v o i r  ( A l t e r n a t i v e  P l a n  1 ) .  

( c )  S i e r r a  Nevada t u n n e l  d i v e r s i o n s  of east s i d e  San J o a q u i n  
V a l l e y  s t r e a m s  t o  c o n n e c t  w i t h  C a l i f o r n i a  Aqueduct s o u t h  
of Tehachap i  Moun ta ins ,  and  t h e n c e  t h r o u g h  a n  e n l a r g e d  
a q u e d u c t  t o  P e r r i s  R e s e r v o i r .  Exchange w a t e r  f o r  down- 
s t r e a m  u s e r s  of e a s t  s i d e  San  J o a q u i n  V a l l e y  s t r e a m s  
conveyed e i t h e r  t h r o u g h  e n l a r g e d  C a l i f o r n i a  Aqueduct 
sys t em t o  s o u t h  end of San  J o a q u i n  V a l l e y ,  and by new 
c a n a l  e x t e n d i n g  n o r t h e r l y  t o  i n t e r s e c t  east s i d e  streams 
( A l t e r n a t i v e  P l a n  4 1 ,  o r  t h r o u g h  a n  e n l a r g e d  E a s t  S i d e  
D i v i s i o n  t o  Kern  R i v e r  ( A l t e r n a t i v e  P l a n  6). 

( d l  S i e r r a  Nevada t u n n e l  d i v e r s i o n s  of e a s t  s i d e  San J o a q u i n  
V a l l e y  s t r e a m s  t o  t h e  s o u t h e r l y  s i d e  of Tehachap i  
Moun ta ins ,  and  t h e n c e  t o  Lake  Havasu on Co lo rado  R i v e r .  
Exchange w a t e r  f o r  downstream u s e r s  of e a s t  s i d e  San 
J o a q u i n  V a l l e y  s t r e a m s  conveyed e i t h e r  t h r o u g h  e n l a r g e d  
C a l i f o r n i a  Aqueduct  sys t em and new c a n a l  e x t e n d i n g  n o r t h -  
e r l y  f rom s o u t h  end of San  J o a q u i n  V a l l e y  t o  i n t e r s e c t  
e a s t  s i d e  s t r e a m s  ( A l t e r n a t i v e  P l a n  51,  o r  t h rough  a n  
e n l a r g e d  E a s t  S i d e  D i v i s i o n  t o  Kern  R i v e r  ( A l t e r n a t i v e  
P l a n  7 ) .  

A l t e r n a t i v e  P l a n  No. 2 r e p r e s e n t s  t h e  minimum b a s i c  f a c i l i t i e s  
r e q u i r e d  t o  convey t h e  a d d i t i o n a l  water t o  s o u t h e r n  C a l i f o r n i a .  No 



r e c o g n i t i o n  i s  g i v e n  u n d e r  t h a t  p l a n  t o  t h e  e x i s t i n g  and i n c r e a s i n g  
needs  f o r  a d d i t i o n a l  w a t e r  w i t h i n  C e n t r a l  V a l l e y  a r e a s .  To accom- 
p l i s h  t h i s  i n c r e a s e d  d i v e r s i o n  t o  s o u t h e r n  C a l i f o r n i a ,  i t  i s  d e s i r a b l e ,  
and  may w e l l  be n e c e s s a r y ,  t h a t  such  a d d i t i o n a l  needs  e n  r o u t e  be  
r e c o g n i z e d .  

A s s o c i a t e d  w i t h  t h e  o t h e r  a l t e r n a t i v e  p l a n s ,  t h e r e f o r e ,  a r e  
p r o s p e c t i v e  C e n t r a l  V a l  l e y  P r o j e c t  f a c i l i t i e s  wh ich ,  u n d e r  each  
p a r t i c u l a r  a l t e r n a t i v e  p l a n  c o n s i d e r e d ,  would need  t o  b e  a u t h o r i z e d  
c o n c u r r e n t l y  w i t h  t h e  s p e c i f i c  f e a t u r e s  a n a l y z e d  f o r  convey ing  
a d d i t i o n a l  w a t e r  t o  s o u t h e r n  C a l i f o r n i a .  T h e s e  p r o s p e c t i v e  C e n t r a l  
V a l l e y  P r o j e c t  f e a t u r e s  r e l a t e  t o  E a s t  S i d e  D i v i s i o n  and  Delta Water 
Q u a l i t y  Improvement. P r o s p e c t i v e  E a s t  S i d e  D i v i s i o n  f a c i l i t i e s  v a r y  
among t h e  s e v e r a l  a l t e r n a t i v e  p l a n s  i n  o r d e r  t o  accompl i sh  some 
measure  of E a s t  S i d e  D i v i s i o n  s e r v i c e  a p p r o p r i a t e 1  y  and e x p e d i t i o u s 1  y .  
Use of a n y  a l t e r n a t i v e  p l a n  o t h e r  t h a n  P l a n  2 ,  c o n s e q u e n t l y ,  would 
r e s u l t  i n  r e l a t e d  m u l t i p l e - p u r p o s e  b e n e f i t s  o c c u r r i n g  w i t h i n  C e n t r a l  
V a l l e y  B a s i n .  Accomplishment of any  a1 t e r n a t i v e  p l a n  c o m p r i s i n g  t h e  
S i e r r a  t u n n e l  d i v e r s i o n s  c o u l d  be  r e a l i z e d  o n l y  a f t e r  n e g o t i a t i o n s  
w i t h  downstream water u s e r s .  



Alte rna t ive  Plans f o r  Conservation and Conveyance of 
1,200,000 Acre-Feet Additional Water Annually to  Southern Ca l i fo rn ia  

COSTS 
ALTERNATIVES CAPITAL L/ ANNUAL PER ACRE-FOOT 2-1 ASSOCIATED FEATURES 

(Mil l ions of Dol la r s )  (Mil l ions of Dollars)  (Dollars)  AND ACCOMPLISHMENTS 

Plan 1 
East  Side Route 975.0 Constr.  44.1 I n t .  & Amor. East  Side Divis ion and Delta 

160.9 I . D . C .  18.4 OM&R & Power - Water Q u a l i t y  Improvement Relatea 
1,135.9 Tota l  62.5 Total  52 Multiple-Purpose Benef i t s  

Plan 2  
West Side Route 905.0 Cons tr . 41.0 I n t .  & Arnor. None 

149.5 I . D . C .  - 16.5 OM&R & Power 
1,054.5 Tota l  57.5 Total  48 

Plan 3 
West Side Route with East  Side Service 905.0 Constr.  41.0 I n t .  6r Arnor. P a r t i a l  East  Side Divis ion and 

149.5 I . D . C .  16.5 OM&R & Power Del ta  Water Q u a l i t y  Improvement 
1,054.5 Tota l  57.5 Total  48 Related Multiple-Purpose Benefi ts  

Plan 4 
S i e r r a  Diversion to So. C a l i f .  ( P e r r i s  Res.) 1,810.0 Constr. 82.0 I n t .  & Amor. P a r t i a l  East  Side Divis ion and 
(Exchange Water through Ca l i fo rn ia  Aqueduct 298.7 I . D . C .  - -2.7 OM&R & Power Del ta  Water Q u a l i t y  Improvement 
with East Side Service)  2,108.7 Total  7  9.3 Total  66 Related Multiple-Purpose Benef i t s  

Plan 5 
S i e r r a  Diversion t o  Havasu Lake 1,750.0 Constr.  79.2 I n t .  & Amor. P a r t i a l  East Side Divis ion and 
(Exchange Water through Ca l i fo rn ia  Aqueduct 288.8 I . D . C .  - -9 .9  OM€& & Power Delta Water Q u a l i t y  Improvement 
with East Side Service)  2,038.8 Tota l  69.3 Tota l  58 Related Multiple-Purpose Benef i t s  

Plan 6 
S i e r r a  Diversion t o  Southern Ca l i fo rn ia  1,750.0 Constr.  79.2 I n t .  & Amor. East  Side Divis ion and Del ta  
( P e r r i s  Res.) (Exchange Water through 288.8 I . D . C .  -3.9 OM&R & Power Water Q u a l i t y  Improvement Related 
East  Side Divis ion)  2,038.8 Tota l  75.3 Tota l  6  3  Multiple-Purpose Benefi ts  

Plan 7  
S i e r r a  Diversion t o  Havasu Lake 1,690.0 Constr.  76.5 I n t .  & Amor. Eas t  Side Divis ion and Del ta  
(Exchange Water through East  Side Divis ion)  278.9 I . D . C .  -11.0 - OM&R & Power Water Qual i ty  Improvement Related 

1,968.9 Total  65.5 Total  55 ~ u l t i p l e - P u r p o s e  Benef i t s  

" Capi ta l  c o s t s  a r e  on reconnaissance b a s i s  and include s to rage  r e s e r v o i r s  and appurtenant d i v e r s ~ o n s ,  conveyance f a c i l i t i e s  ( incremental  
enlargement o r  a d d i t i o n s ) ,  and exchange f e a t u r r s  ( f o r  Plans 4-7). Costs of assoc ia ted  Cent ra l  Valley P r o j e c t  proposed f a c i l i t i e s  f o r  
East  Side Divis ion and Del ta  Water Q u a l i t y  Improvement a re  not  included. Concurrent au thor iza t ion  of these  C.V.P. f a c i l i t i e s  i s  contemplated 
f o r  these  a l t e r n a t i v e  plans.  

2' Acre-foot c o s t s  shown represen t  average annual equivalent  c o s t s  and a r e  computed on b a s i s  of incremental c o s t s  of enlargement of conveyance 
f a c i l i t i e s .  Appropriate a l l o c a t i o n  of c o s t s  may r e f l e c t  some increase  i n  these acre-foot  values .  



Plan  1 ( E a s t  S i d e  R o u t e l - - T h i s  p l a n  w i l l  conse rve  and convey a n  
a d d i t i o n a l  w a t e r  supply  o f  1 ,200,000 a c r e - f e e t  p e r  y e a r  by s t o r -  
a g e  on T r i n i t y  River  and conveyance through E a s t  S i d e  D i v i s i o n  
f a c i l i t i e s ,  and thence  th rough  t h e  C a l i f o r n i a  Aqueduct t o  s o u t h e r n  
C a l i f o r n i a .  

To o b t a i n  t h e  a d d i t i o n a l  y i e l d  of  w a t e r ,  two s t o r a g e  r e s e r -  
v o i r s  a r e  proposed on t h e  T r i n i t y  River .  Helena R e s e r v o i r ,  w i t h  
a  g r o s s  s t o r a g e  c a p a c i t y  of 2,800,000 a c r e - f e e t ,  would b e  b u i l t  
on t h e  main T r i n i t y  R i v e r  downstream from Lewiston Dam. T h i s  
r e s e r v o i r  would deve lop  a n  annua l  new wate r  y i e l d  of  600,000 a c r e -  
f e e t  which would be d i v e r t e d  t o  t h e  Sacramento R i v e r .  Subsequen t ly ,  
Eltapom R e s e r v o i r ,  w i t h  a  g r o s s  s t o r a g e  c a p a c i t y  o f  3,100,000 a c r e -  
f e e t ,  would be  c o n s t r u c t e d  on t h e  South Fork o f  T r i n i t y  R i v e r .  
T h i s  r e s e r v o i r  a l s o  would deve lop  a n  annual  y i e l d  of 600,000 a c r e -  
f e e t  which would be d i v e r t e d  t o  Helena R e s e r v o i r ,  w i t h  subsequen t  
d i v e r s i o n  t o  Sacramento R i v e r .  Power g e n e r a t i n g  f a c i l i t i e s  
would be i n c o r p o r a t e d  w i t h  t h e s e  proposed developments.  Es t ima ted  
c a p i t a l  c o s t s  of  t h e s e  r e s e r v o i r s  and a s s o c i a t e d  f a c i l i t i e s  a r e  
$540,000,000. Annual OM&R c o s t s  would be o f f s e t  by power revenues ,  
w i t h  a  n e t  annua l  amount remaining of about  $12,300,000.  

T h i s  p l a n  p roposes  t o  add a  2,000 c . f . s .  i nc rement  t o  t h e  
proposed E a s t  S ide  D i v i s i o n  conveyance f a c i l i t i e s  from t h e  S a c r a -  
mento River  v i a  Hood-Clay pump l i f t  and then  th rough  t h e  E a s t  
S i d e  D i v i s i o n  conveyance f a c i l i t i e s  t o  t h e  Kern River .  From t h a t  
l o c a t i o n  a  new 2,000 c . f . s .  c a n a l  would be  c o n s t r u c t e d  t o  connect  
w i t h  t h e  C a l i f o r n i a  Aqueduct a t  Wheeler Ridge Pumping P l a n t  No. 1. 

A d d i t i o n a l  f a c i l i t i e s  r e q u i r e d ,  t h e r e f o r e ,  w i l l  be t h e  
enlargement  o f  t h e  E a s t  S i d e  D i v i s i o n  conveyance f a c i l i t i e s ,  and 
c o n s t r u c t i o n  o f  t h e  36-mi le  Kern River-Wheeler Ridge c a n a l  w i t h  
2,000 c . f , s .  c a p a c i t y .  A new pumping p l a n t  w i t h  a  head of  a b o u t  
150 f e e t  w i l l  be r e q u i r e d  t o  connect  t h i s  proposed system w i t h  
t h e  C a l i f o r n i a  Aqueduct a t  Wheeler Ridge. The t o t a l  c a p i t a l  c o s t ,  
on a  r e c o n n a i s s a n c e  b a s i s ,  i s  e s t i m a t e d  t o  be $145,000,000 f o r  t h e  
f a c i l i t i e s  from t h e  D e l t a  th rough  t h e  E a s t  S i d e  System t o  Wheeler 
Ridge. Annual OM&R c o s t s  f o r  t h e s e  f a c i l i t i e s  a r e  e s t i m a t e d  t o  be 
$1,000,000,  n o t  i n c l u d i n g  c o s t  of  pumping energy ,  Cost  of  pumping 
i s  e s t i m a t e d  a t  $7,100,000,  

From Wheeler Ridge t h e  i n c r e a s e d  wa te r  supp ly  of  1 ,200,000 
a c r e - f e e t  would be conveyed th rough  t h e  C a l i f o r n i a  Aqueduct t o  
P e r r i s  R e s e r v o i r .  The e s t i m a t e d  c a p i t a l  c o s t  f o r  i n c r e m e n t a l  
conveyance f a c i l i t i e s  from Wheeler Ridge t o  P e r r i s  R e s e r v o i r  i s  
$290,000,000. Annual OM&R c o s t s  a r e  e s t i m a t e d  a t  $2,700,000.  
Net pumping c o s t s  f o r  conveyance from Wheeler Ridge t o  P e r r i s  
R e s e r v o i r  a r e  e s t i m a t e d  t o  be  $19,900,000.  



The e s t i m a t e d  t o t a l  c a p i t a l  c o s t  f o r  t h i s  p r o s p e c t i v e  p l a n ,  
i n c l u d i n g  s t o r a g e  r e s e r v o i r  sys tems ,  i n c r e m e n t a l  conveyance 
th rough  t h e  E a s t  S i d e  D i v i s i o n  and t h e n c e  t o  s o u t h e r n  C a l i f o r n i a ,  
i s  $975,000,000 ( r e c o n n a i s s a n c e ) .  The n e t  a n n u a l  OMhR and pump- 
i n g  c o s t s  a r e  $18,400,000.  

Under t h i s  p r o p o s a l  t h e  1,200,000 a c r e - f e e t  of  a d d i t i o n a l  
w a t e r  would be s t o r e d  and conveyed t o  s o u t h e r n  C a l i f o r n i a  a t  a n  
e s t i m a t e d  a v e r a g e  a n n u a l  e q u i v a l e n t  c o s t  o f  $52 p e r  a c r e - f o o t ,  
i n c l u d i n g  i n t e r e s t  a t  3 p e r c e n t  and a m o r t i z a t i o n  of t h e  f a c i l i t i e s  
i n  50 y e a r s .  The a v e r a g e  annua l  a c r e - f o o t  c o s t  g i v e n  i s  computed 
by u s i n g  o n l y  t h e  i n c r e m e n t a l  c o s t s  of en la rgement  of  conveyance 
f a c i l i t i e s .  A p p r o p r i a t e  a l l o c a t i o n  of  c o s t s  between t h e  E a s t  S i d e  
D i v i s i o n  f a c i l i t i e s  and t h e  proposed i n c r e m e n t a l  enlargement  under 
t h i s  p l a n  may r e f l e c t  some i n c r e a s e  i n  t h i s  a c r e - f o o t  v a l u e .  

Assoc ia ted  w i t h  t h i s  development would be  t h e  E a s t  S i d e  D i v i -  
s i o n  which would p r o v i d e  1 ,500,000 a c r e - f e e t  o f  s e r v i c e  t o  t h a t  
a r e a  w i t h  i t s  r e s u l t i n g  m u l t i p l e - p u r p o s e  b e n e f i t s .  The e s t i m a t e d  
c a p i t a l  c o s t  of  t h e  proposed f a c i l i t i e s  r e q u i r e d  f o r  E a s t  S ide  
D i v i s i o n  i s  abou t  $600,000,000,  e x c l u s i v e  o f  d i s t r i b u t i o n  systems.  
The E a s t  S i d e  D i v i s i o n  i s  proposed f o r  a u t h o r i z a t i o n ,  c o n s t r u c t i o n ,  
and o p e r a t i o n ,  a s  a n  i n t e g r a l  p a r t  of  t h e  C e n t r a l  V a l l e y  P r o j e c t .  
I n  o r d e r  t o  accompl ish  t h e  conveyance of t h e  a d d i t i o n a l  1 ,200,000 
a c r e - f e e t  t o  s o u t h e r n  C a l i f o r n i a ,  c o n c u r r e n t  a u t h o r i z a t i o n  of  t h e  
f a c i l i t i e s  would be r e q u i r e d .  

The r e s e r v o i r  s t o r a g e  sys tems proposed on t h e  T r i n i t y  River  
System under  t h i s  p l a n  (Helena and Eltapom) and r e l a t e d  d i v e r s i o n s  
t o  Sacramento River  should  be a u t h o r i z e d  f o r  c o n s t r u c t i o n  and 
o p e r a t i o n  by t h e  Bureau of  Reclamat ion a s  p a r t  of  t h e  P a c i f i c  
Southwest  Water P l a n ,  even though they  w i l l  be  i n t e g r a t e d  c l o s e l y  
w i t h  e x i s t i n g  and proposed f e a t u r e s  of  t h e  F e d e r a l  C e n t r a l  Va l l ey  
P r o j e c t .  

To o t h e r  f a c i l i t i e s - - t h e  D e l t a  P e r i p h e r a l  Canal and t h e  
Ke l log  U n i t - - a l s o  should  be a s s o c i a t e d  w i t h  t h i s  proposed p l a n  f o r  
a u t h o r i z a t i o n  a s  p a r t  of t h e  C e n t r a l  Va l l ey  P r o j e c t ,  w i t h  f i n a n -  
c i a l  p a r t i c i p a t i o n  by t h e  S t a t e  and o t h e r  a g e n c i e s  a s  a p p r o p r i a t e .  
These f a c i l i t i e s  w i l l  o f f s e t ,  i n  p a r t i c u l a r ,  a d v e r s e  e f f e c t s  which 
may o c c u r  t o  w a t e r  s u p p l i e s  i n  t h e  D e l t a  a r e a  due t o  f u r t h e r  w a t e r  
supply  development i n  t h e  C e n t r a l  Va l l ey  Bas in  and i n c r e a s e d  d i v e r -  
s i o n s  from t h e  D ~ l t a .  The t o t a l  c a p i t a l  c o s t s  o f  t h e s e  f e a t u r e s  
a r e  e s t i m a t e d  a t  $125,000,000,  w i t h  annua l  OMhR and pumping c o s t s  
o f  $1,200,000,  
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P l a n  2  (West S i d e  R ~ u t e ) - - T h i s  p l a n  p roposes  t o  conse rve  and 
convey a n  a d d i t i o n a l  wa te r  supply  of 1 ,200,000 a c r e - f e e t  by 
s t o r a g e  on T r i n i t y  River  and enlargement  of t h e  C a l i f o r n i a  Aque- 
d u c t .  For d e v e l o p i n g  t h e  a d d i t i o n a l  supp ly  two s t o r a g e  r e s e r v o i r s  
a r e  proposed on t h e  T r i n i t y  R i v e r ,  Helena R e s e r v o i r  w i t h  a  g r o s s  
s t o r a g e  c c p a c i t y  of 2,800,000 a c r e - f e e t  would be b u i l t  on t h e  main 
T r i n i t y  R i v e r  downstream from Lewiston Dam. T h i s  r e s e r v o i r  would 
d e v e l o p  a n  annua l  new w a t e r  y i e l d  of  600,000 a c r e - f e e t  which would 
be  d i v e r t e d  t o  t h e  Sacramento River .  Subsequen t ly ,  Eltapom Reser -  
v o i r ,  w i t h  a  g r o s s  s t o r a g e  c a p a c i t y  of  3 ,100,000 a c r e - f e e t ,  would 
be  c o n s t r u c t e d  on t h e  South Fork o f  T r i n i t y  R i v e r .  T h i s  r e s e r v o i r  
a l s o  would deve lop  a n  annua l  y i e l d  of  600,000 a c r e - f e e t  which 
would be d i v e r t e d  t o  Helena R e s e r v o i r ,  w i t h  subsequent  d i v e r s i o n  
t o  Sacramento R i v e r .  Power g e n e r a t i n g  f a c i l i t i e s  would be i n c o r -  
p o r a t e d  w i t h  t h e s e  proposed developments.  Es t ima ted  c a p i t a l  c o s t s  
of  t h e s e  r e s e r v o i r s  and a s s o c i a t e d  f a c i l i t i e s  a r e  $540,000,000,  
Annual OMhR c o s t s  would be o f f s e t  by power revenues  w i t h  a  n e t  
a n n u a l  amount remaining o f  abou t  $12,300,000.  

T h i s  i n c r e a s e d  y i e l d  o f  1 ,200,000 a c r e - f e e t  would be  conveyed 
th rough  t h e  C a l i f o r n i a  Aqueduct. Inc rementa l  c a p a c i t y  would be 
p rov ided  i n  t h e  aqueduct  from San L u i s  Forebay t o  t h e  t e r m i n a l  
P e r r i s  R e s e r v o i r .  Through t h e  San L u i s  s e r v i c e  a r e a  ( F e d e r a l )  a  
p a r a l l e l  c a n a l  i s  contemplated i n  view of t h e  advanced c o n s t r u c t i o n  
s t a t u s  o f  t h e  F e d e r a l - S t a t e  system. The S t a t e  of  C a l i f o r n i a  e s t i -  
ma tes  t h e  i n c r e m e n t a l  c a p i t a l  c o s t  of  f a c i l i t i e s  f o r  conveying t h i s  
a d d i t i o n a l  w a t e r  t o  s o u t h e r n  C a l i f o r n i a  a t  $368,000,000.  Savings  
of  approx imate ly  $50,000,000 a r e  e s t i m a t e d  i f  t h e  i n c r e m e n t a l  
c a p a c i t y  could  b e  i n c o r p o r a t e d  w i t h  t h e  F e d e r a l - S t a t e  system through 
t h e  San L u i s  a r e a .  However, t h e  advanced c o n s t r u c t i o n  s t a t u s  of  
t h e  San L u i s  sys tem makes t h i s  improbable .  

Annual OM&R c o s t s  f o r  t h i s  i n c r e a s e d  conveyance c a p a c i t y ,  
e x c l u s i v e  of pumping energy,  a r e  e s t i m a t e d  by t h e  S t a t e  a t  $3,326,000.  
Power c o s t s  f o r  pumping t h e  a d d i t i o n a l  y i e l d  o f  1 ,200,000 a c r e - f e e t  
from t h e  Sacramento-San J o a q u i n  D e l t a  t o  P e r r i s  R e s e r v o i r  would 
approximate  $25,515,000 on a  n e t  b a s i s  a f t e r  d e d u c t i o n s  f o r  power 
g e n e r a t e d  a l o n g  t h e  r o u t e .  

The e s t i m a t e d  t o t a l  c a p i t a l  c o s t  f o r  t h i s  p r o s p e c t i v e  p l a n ,  
i n c l u d i n g  s t o r a g e  r e s e r v o i r  sys tems and i n c r e m e n t a l  conveyance t o  
s o u t h e r n  C a l i f o r n i a  through t h e  C a l i f o r n i a  Aqueduct, i s  $905,000,000,  
The n e t  annua l  OM6R and pumping c o s t s  a r e  $16,540,000.  

Under t h i s  p r o p o s a l  t h e  a d d i t i o n a l  1 ,200,000 a c r e - f e e t  of 
w a t e r  would be s t o r e d  and conveyed t o  s o u t h e r n  C a l i f o r n i a  a t  a n  
e s t i m a t e d  a v e r a g e  annua l  e q u i v a l e n t  c o s t  of  $48 p e r  a c r e - f o o t ,  
i n c l u d i n g  i n t e r e s t  a t  3 p e r c e n t ,  and a m o r t i z a t i o n  o f  t h e  f a c i l i t i e s  
i n  50 y e a r s .  



The a v e r a g e  annual  a c r e - f o o t  c o s t  g i v e n  i s  computed by u s i n g  
i n c r e m e n t a l  c o s t s  of enlargement  of p a r t  o f  t h e  C a l i f o r n i a  Aqueduct. 
A p p r o p r i a t e  a l l o c a t i o n  of  c o s t s  between t h e  C a l i f o r n i a  Aqueduct 
and t h e  proposed i n c r e m e n t a l  enlargement  under t h i s  p l a n  may r e f l e c t  
some i n c r e a s e  i n  t h i s  a c r e - f o o t  v a l u e .  

The r e s e r v o i r  s t o r a g e  sys tems and r e l a t e d  d i v e r s i o n s  t o  
Sacramento River  proposed under  t h i s  p l a n  should  be  a u t h o r i z e d  f o r  
c o n s t r u c t i o n  and o p e r a t i o n  by t h e  Bureau o f  Reclamat ion a s  p a r t  o f  
t h e  P a c i f i c  Southwest  Water P l a n ,  even though they  w i l l  be i n t e -  
g r a t e d  c l o s e l y  w i t h  e x i s t i n g  and proposed f e a t u r e s  o f  t h e  F e d e r a l  
C e n t r a l  Va l l ey  P r o j e c t .  

The f a c i l i t i e s  proposed under  t h i s  P l a n  a r e  t h e  b a s i c  minimum 
f a c i l i t i e s  r e q u i r e d  f o r  conse rv ing  and conveying t h e  a d d i t i o n a l  
1 ,200,000 a c r e - f e e t  of  w a t e r  t o  s o u t h e r n  C a l i f o r n i a .  Other  a s s o c i -  
a t e d  works a l s o  should b e  i n c l u d e d  a l o n g  w i t h  t h i s  proposed p l a n  
f o r  c o n c u r r e n t  a u t h o r i z a t i o n  and w n s t r u c t i o n  a s  p a r t  of  t h e  C e n t r a l  
V a l l e y  P r o j e c t .  These o t h e r  r e l a t e d  f a c i l i t i e s  a r e  summarized under  
P l a n  3 .  
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P l a n  3 (West S i d e  Route wi th  S e r v i c e  t o  E a s t  S i d e ) - - T h i s  p l a n  
p roposes  t o  conse rve  and convey an a d d i t i o n a l  w a t e r  supply  of 
1  ,200,000 a c r e -  f e e t  through s t o r a g e  on T r i n i t y  River  and enlargement  
of t h e  C a l i f o r n i a  Aqueduct w i t h  a d d i t i o n a l  s e r v i c e  t o  e a s t  s i d e  
San J o a q u i n  V a l l e y .  For deve lop ing  t h e  a d d i t i o n a l  supply  two 
s t o r a g e  r e s e r v o i r s  a r e  proposed on t h e  T r i n i t y  R i v e r .  Helena Reser-  
v o i r ,  w i t h  a  g r o s s  s t o r a g e  c a p a c i t y  of 2 ,800,000 a c r e - f e e t ,  would be 
b u i l t  on t h e  main T r i n i t y  River  downstream from Lewis ton  Dam. T h i s  
r e s e r v o i r  would deve lop  a n  annual  new w a t e r  y i e l d  of 600,000 a c r e -  
f e e t  which would b e  d i v e r t e d  t o  t h e  Sacramento R i v e r .  Subsequen t ly ,  
Eltapom R e s e r v o i r ,  wi th  a  g r o s s  s t o r a g e  c a p a c i t y  of 3 ,100,000 a c r e -  
f e e t ,  would be  c o n s t r u c t e d  on t h e  South  Fork of T r i n i t y  River .  T h i s  
r e s e r v o i r  a 1  s o  would deve lop  a n  annual y i e l d  of 600,000 a c r e - f  e e t  
which would be  d i v e r t e d  t o  Helena R e s e r v o i r ,  wi th  subsequent  d i v e r s i o n  
t o  Sacramento R i v e r .  Power g e n e r a t i n g  f a c i l i t i e s  would be i n c o r p o r a t e d  
w i t h  t h e s e  proposed developments.  E s t i m a t e d  c a p i t a l  c o s t s  of t h e s e  
r e s e r v o i r s  and a s s o c i a t e d  f a c i l i t i e s  a r e  $540,000,000.  Annual OM&R 
c o s t s  would be  off  s e t  by power revenues  w i t h  a  n e t  annual  amount 
r emain ing  of abou t  $12,300,000.  

T h i s  i n c r e a s e d  y i e l d  of 1 ,200 ,000  a c r e - f e e t  would be  conveyed 
th rough  t h e  C a l i f o r n i a  Aqueduct. Inc rementa l  c a p a c i t y  would be  pro- 
v i d e d  i n  t h e  aqueduct  from San L u i s  Forebay t o  t h e  t e r m i n a l  P e r r i s  
R e s e r v o i r .  Through t h e  San L u i s  s e r v i c e  a r e a  ( F e d e r a l  a  p a r a l l e l  
cana l  i s  contemplated i n  v iew of t h e  advanced c o n s t r u c t i o n  s t a t u s  
of t h e  F e d e r a l - S t a t e  system. The S t a t e  of C a l i f o r n i a  e s t i m a t e s  t h e  
inc rementa l  c a p i t a l  c o s t  of f a c i l i t i e s  f o r  conveying t h i s  a d d i t i o n a l  
wa te r  t o  s o u t h e r n  C a l i f o r n i a  a t  $368,000,000.  S a v i n g s  of approx i -  
ma te ly  $50,000,000 a r e  e s t i m a t e d  i f  t h e  inc rementa l  c a p a c i t y  cou ld  
be i n c o r p o r a t e d  w i t h  t h e  F e d e r a l - S t a t e  system th rough  t h e  San L u i s  
a r e a .  

The e s t i m a t e d  t o t a l  c a p i t a l  c o s t  f o r  t h i s  p r o s p e c t i v e  p l a n ,  
i n c l u d i n g  s t o r a g e  r e s e r v o i r  sys tems and inc rementa l  conveyance t o  
s o u t h e r n  C a l i f o r n i a  through t h e  C a l i f o r n i a  Aqueduct, i s  $905,000,000.  
The n e t  annual  OM&R and pumping c o s t s  a r e  $16,540,000.  

Under t h i s  p r o p o s a l ,  t h e  a d d i t i o n a l  1 ,200,000 a c r e - f e e t  of 
wa te r  would be s t o r e d  and conveyed t o  s o u t h e r n  C a l i f o r n i a  a t  a n  
e s t i m a t e d  a v e r a g e  annual  e q u i v a l e n t  c o s t  of $48.00 pe r  a c r e - f o o t ,  
i n c l u d i n g  i n t e r e s t  a t  3 p e r c e n t  and a m o r t i z a t i o n  of t h e  f a c i l i t i e s  
i n  50 y e a r s .  

The a v e r a g e  annual  a c r e - f o o t  c o s t  g i v e n  i s  computed by u s i n g  
inc rementa l  c o s t s  of enlargement  of p a r t  of t h e  C a l i f o r n i a  Aqueduct. 
A p p r o p r i a t e  a l l o c a t i o n  of c o s t s  between t h e  C a l i f o r n i a  Aqueduct and 
t h e  proposed i n c r e m e n t a l  enlargement  under  t h i s  p l a n  may r e f l e c t  
some i n c r e a s e  i n  t h i s  a c r e - f o o t  v a l u e .  



The r e s e r v o i r  s t o r a g e  s y s t e m s  and r e l a t e d  d i v e r s i o n s  t o  
Sac ramen to  R l v e r  proposed  u n d e r  t h i s  p l a n  s h o u l d  be  a u t h o r i z e d  f o r  
constriction and  o p e r a t i o n  by  t h e  Bureau of R e c l a m a t i o n  a s  p a r t  of 
t h e  P a c i f i c  Southwest  Wacer P l a n ,  even  though  t h e y  w i l l  b e  i n t e -  
g r a c e d  c l o s e l y  w i t h  e x i s c i n g  a n d  p roposed  f e a t u r e s  of t h e  F e d e r a l  
C e n z r a l  V a l l e y  P r o j e c t .  

The e a s t  s i d e  San J o a q a i n  V a l l e y  a r e a s  a r e  v e r y  c o n s c i o u s  of 
t h e i r  e x i s t i n g  and  i n c r e a s i n g  n e e d s  f o r  a d d i t i o n a l  water. They 
w i l l  b e  a l e r t ,  p a r t i c u l a r l y  t o  a n y  p l a n  which p r o p o s e s  i n c r e a s e d  
e x p o r t a t i o n  of w a t e r  f rom t h e  C e n t r a l  V a l l e y  B a s i n  u n l e s s  t h a t  p l a n  
a l s o  i n c l u d e s  s e r v i c e  t o  t h e  S a n  J o a q u i n  V a l l e y  areas. For  t h a t  
p u r p o s e ,  t h e r e f o r e ,  i n  a d d i t i o n  t o  t h e  a f o r e d e s c r i b e d  f a c i l i t i e s  
f o r  s t o r i n g  and conveying  water t o  s o u t h e r n  C a l i f o r n i a ,  s e r v i c e  
a l s o  would be p r o v i d e d  unde r  t h i s  p l a n  t o  t h e  s o u t h e r n  p o r t i o n  of 
t h e  Eas.; S i d e  D i v i s i o n  by i n c l u d i n g  i n c r e m e n t a l  c a n a l  c a p a c i t y  of 
3 , 0 0 0  c , f ,  s. i n  t h e  C a l i f o r n i a  Aqueduct f r o m  t h e  D e l t a  t o  Wheeler  
R idge .  From t h a t  l o c a t i o n  a 3 , 0 0 0  c . f  . s .  c a n a l  would e x t e n d  t o  
T a l e  R i v e r ,  Two o f f - s t r e a m  s t o r a g e  r e s e r v o i r s  w i t h  a combined 
c a p a c i t y  of a b o u t  1 ,880 ,000  a c r e - f e e t  and  a s s o c i a t e d  pumping p l a n t  
f a c i l i t i e s  would b e  i n c l u d e d  w i t h  t h i s  p roposed  development .  The  
e s t i m a t e d  c a p i t a l  c o s t  of t h e s e  p roposed  conveyance  and  o f f - s t r e a m  
s t o r a g e  f a c i l i t i e s  f o r  E a s t  S i d e  D i v i s i o n  s e r v i c e  i s  e s t i m a t e d ,  on 
a r e c o n n a i s s a n c e  b a s i s ,  a t  $375 ,000 ,000 .  C o s t s  of r e q u i r e d  d i s t r i -  
b u t i o n  sys t ems  a r e  no t  i n c l u d e d .  These  p roposed  f a c i l i t i e s ,  t h r o u g h  
i n t e g r a t i o n  w i t h  t h e  M i l l e r t o n  Lake  sys t em,  c o u l d  s u p p l y  a b o u t  
1 , 4 0 0 , 8 0 0  a c r e - f e e t  of a d d i t i o n a l  w a t e r  t o  t h e  e a s t  s i d e  a r e a .  
I n c l u s i o n  of t h e  i n c r e a s e d  conveyance  c a p a c i t y  f o r  E a s t  S i d e  D i v i s i o n  
i n  t h e  C a l i f o r n i a  Aqueduct ,  i f  i t  were  i n c r e a s e d  f o r  a d d i t i o n a l  con- 
veyance  t o  s o u t h e r n  C a l i f o r n i a ,  would p r o v i d e  t h e  l e a s t  e x p e n s i v e  
and mos? r a p i d  method of p r o v i d i n g  i n i t i a l  s e r v i c e  t o  t h e  s o u t h e r n  
San J o a q u i n  V a l l e y .  It  i s  h i g h l y  i m p o r t a n t  t h a t  t h i s  b e  done i f  t h e  
p l a n  f o r  i n c r e a s e d  conveyance  t h r o u g h  t h e  C a l i f o r n i a  Aqueduct w e r e  
a d o p t e d ,  

The est..irna.ted annua l  OM&R c o s t s  f o r  t h e s e  E a s t  S i d e  D i v i s i o n  
f a c i l i t i e s ,  e x c l ~ s i v e  of pumping e n e r g y ,  are  $1 ,450 ,000 .  Pumping 
power c o s t s  are e s t i m a t e d  a t  $9 ,400 ,000  f o r  t h e  east s i d e  s e r v i c e -  
S u b s s q u e n t l y ,  e a r l y  a u t h o r i z a t i o n  of a d d i t i o n a l  works  would be  
r e q u L r e d  t o  p r o v i d e  i n c r e a s e d  E a s t  S i d e  D i v i s i o n  s e r v i c e  t h r o u g h  
f a c i l i t i e s  on t h e  e a s t  s i d e  of San  J o a q u i n  V a l l e y  f r o m  t h e  D e l t a  t o  
c o n n e c t  a t  T u l e  R i v e r  wi.th t h e  f e a t u r e s  p roposed  u n d e r  t h i s  p l a n .  

The  t r a n s f e r  of a d d i t i o n a l  w a t e r  of a h i g h  q u a l i t y  t h r o u g h  t h e  
Sacramento-San J o a q u i n  R i v e r  Delta w i l l  r e q u i r e  m o d i f i c a t i o n  of t h e  p r e s -  
e n t  c h a n n e l s  whi,ch were  c o n s t r u c t e d  as  p a r t  of t h e  e x t e n s i v e  l e v e e  sys tem 
t o  p r o t e c t  t h e  low e l e v a t i o n  Delta l a n d s  f r o m  f l o o d i n g .  To a c c o m p l i s h  
t h i s  t h e  Bureau h a s  p roposed  t h a t  a new channe l  a r o u n d  t h e  p e r i p h e r y  of 



t h e  D e l t a  w i l l  p r o v i d e  t h e  h i g h e s t  p o s s i b l e  wa te r  q u a l i t y - - t o t a l  
d i s s o l v e d  s o l i d s  w i l l  a v e r a g e  l e s s  t h a n  200 p a r t s  p e r  m i l l i o n .  I n  
a d d i t i o n ,  t h e  channel  w i l l  p rov ide  maximum p r o t e c t i o n  t o  t h e  l a r g e  
r e s i d e n t  and anadromous f i s h e r i e s  t h a t  u s e  t h e  p r e s e n t  D e l t a  channel  s .  
The e x c e l l e n t  q u a l i t y  of wa te r  w i l l  be of economic v a l u e  t o  s o u t h e r n  
C a l i f o r n i a  i n  two ways: ( 1 )  c o s t s  of w a t e r  t r e a t m e n t  w i l l  be r educed ,  
and ( 2 )  t h e  low s a l t  c o n t e n t  of t h e  wa te r  w i l l  pe rmi t  maximum r e u s e .  

The e s t i m a t e d  c a p i t a l  c o s t  of t h e  D e l t a  P e r i p h e r a l  Canal i s  
$70,000,000,  w i t h  a n  annual  OM&R c o s t ,  i n c l u d i n g  power, of $800,000. 
T h i s  f a c i l i t y  shou ld  be a u t h o r i z e d  f o r  F e d e r a l  c o n s t r u c t i o n  w i t h  
a p p r o p r i a t e  f i n a n c i a l  p a r t i c i p a t i o n  by t h e  S t a t e  of C a l i f o r n i a .  

F u r t h e r  development of wa te r  i n  C e n t r a l  V a l l e y  B a s i n  and 
i n c r e a s e d  d i v e r s i o n s  from t h e  D e l t a ,  e i t h e r  f o r  u s e  i n  sou the rn  
C a l i f o r n i a  o r  w i t h i n  t h e  C e n t r a l  V a l l e y ,  a l s o  expands  t h e  urgency 
f o r  t h e  K e l l o g  U n i t  t o  off  set a d v e r s e  e f f e c t s  which may occur t o  
wa te r  s u p p l i e s  r e l i e d  upon by Cont ra  C o s t a  County. These  f a c i l i -  
t i e s  a r e  proposed a s  a n  i n t e g r a l  p a r t  of t h e  C e n t r a l  V a l l e y  P r o j e c t  
p r i n c i p a l 1  y  f o r  w a t e r  q u a l i t y  improvement, a 1  though o t h e r  m u l t i p l e -  
purpose  f u n c t i o n s  would be s e r v e d  f o r  t h e  u r b a n i z e d  and h i g h l y  
i n d u s t r i a l i z e d  C o n t r a  Costa  County. T h i s  a r e a  i s  now b e i n g  se rved  
i n  p a r t  by t h e  C e n t r a l  V a l l e y  P r o j e c t .  T h i s  u n i t  a l s o  would p r o v i d e  
o p e r a t i o n a l  f l e x i b i l i t y  f o r  t h e  C e n t r a l  V a l l e y  P r o j e c t  through 
i n t e g r a t i o n  w i t h  o p e r a t i o n s  of Tracy  Pumping P l a n t  and t h e  D e l t a  
P e r i p h e r a l  Canal .  

The e s t i m a t e d  c a p i t a l  c o s t  of t h i s  proposed u n i t  i s  $55,000,000,  
w i t h  a n  annual  OM&R c o s t  of $285,000.  I n  a d d i t i o n ,  a n  annual pumping 
c o s t  of $120,000 i s  e s t i m a t e d .  
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Plan  4 ( S i e r r a  d i v e r s i o n  t o  s o u t h e r n  C a l i f o r n i a - - C a l i f o r n i a  Aqueduct 
exchange) - -Th i s  p l a n  p roposes  t o  d i v e r t  1 ,200,000 a c r e - f e e t  from 
t h e  major  e a s t  s i d e  San Joaqu in  V a l l e y  s t r e a m s ,  above a b o u t  3,000 
f e e t  e l e v a t i o n ,  by a  s e r i e s  o f  t u n n e l s  of  p r o g r e s s i v e l y  l a r g e r  
c a p a c i t y  s t a r t i n g  a t  t h e  San Joaqu in  River  above i t s  j u n c t i o n  w i t h  
Big Creek and i n t e r s e c t i n g  t h e  Kings,  Kaweah, and Tu le  R i v e r s  and 
d i s c h a r g i n g  i n t o  I s a b e l l a  R e s e r v o i r .  From I s a b e l l a  R e s e r v o i r  t h e  
w a t e r  would be conveyed by t u n n e l  t o  t h e  e a s t  s i d e  of  t h e  S i e r r a  
Nevadas, and thence  through Antelope Va l l ey  t o  j o i n  t h e  C a l i f o r n i a  
Aqueduct n e a r  t h e  Co-ttonwood Powerplant ,  From t h a t  l o c a t i o n  i t  
would be conveyed th rough  t h e  aqueduct  t o  P e r r i s  R e s e r v o i r .  Ex- 
change w a t e r  f o r  t h e  a r e a s  now b e i n g  served by t h e  e a s t  s i d e  
s t r eams  from which t u n n e l  d i v e r s i o n s  a r e  contemplated under  t h i s  
p l a n  would need t o  be  provided.  

T h i s  t u n n e l  d i v e r s i o n  p l a n  would r e q u i r e  a  s e r i e s  o f  t u n n e l s  
t o t a l i n g  140 m i l e s  i n  l e n g t h  from San Joaqu in  R i v e r  t o  I s a b e l l a  
R ~ s e r v o i r  on t h e  Kern River .  Assoc ia ted  w i t h  t h e s e  t u n n e l s  m u l d  
be 11 d i v e r s i o n  dams f o r  d i v e r t i n g  wa te r  from each o f  t h e  s t r eams .  
From I s a b e l l a  R e s e r v o i r  a  34-mile  t u n n e l  would convey t h e  w a t e r  
s o u t h e a s t e r l y  through t h e  S i e r r a  Nevadas t o  Cottonwood Creek,  
abou t  20 m i l e s  n o r t h  o f  t h e  town o f  Mojave. From t h i s  l o c a t i o n  
t h e  wa te r  would be l i f t e d  650 f e e t  and oonveyed by a  75-mile ,  
2,000 c . f . s .  c a n a l  t o  j o i n  t h e  C a l i f o r n i a  Aqueduct below t h e  
Cottonwood Powerplant  n e a r  Fai rmont ,  Los Angeles  County. The aque-  
d u c t  would be  i n c r e a s e d  2,000 c , f . s .  t o  convey t h e  w a t e r  t o  P e r r i s  
R e s e r v o i r .  The c a p i t a l  c o s t  of  t h e  S i e r r a  d i v e r s i o n  t u n n e l s  and 
conveyance f a c i l i t i e s  t o  s o u t h e r n  C a l i f o r n i a  ( e x c l u s i v e  of  exchange 
and s t o r a g e  f a c i l i t i e s )  i s  e s t i m a t e d  on a  r e c o n n a i s s a n c e  b a s i s  t o  
be $1,010,000,000,  and t h e  annua l  OM&R $2,100,000,  n o t  i n c l u d i n g  
c o s t  of  pump%bg energy.  The n e t  c o s t  of  pumping i s  e s t i m a t e d  t o  
be ze ro .  

Exchange wa te r  f o r  t h e  a r e a s  now served below t h e  p o i n t s  of 
d i v e r s i o n  on t h e  e a s t  s i d e  s o u t h e r n  San Joaqu in  V a l l e y  s t r e a m s  
would be conveyed v i a  t h e  west  s i d e  f a c i l i t i e s .  A 3,000 c . f . s .  
i n c r e m e n t a l  i n c r e a s e  would be made i n  t h e  C a l i f o r n i a  Aqueduct 
from t h e  D e l t a  t o  Wheeler Ridge Pumping P l a n t .  A t  t h a t  l o c a t i o n  
a  new c a n a l  would be c o n s t r u c t e d  c r o s s i n g  t h e  Kern,  T u l e ,  and 
Kaweah R i v e r s  and t e r m i n a t i n g  a t  Kings River .  A pumping p l a n t  
w i t h  a  head o f  abou t  5 0  f e e t  would be r e q u i r e d  n e a r  t h e  Kings River  
t o  l i f t  w a t e r  i n t o  t h e  h i g h e r  e l e v a t i o n  Kings R i v e r  s e r v i c e  a r e a  
c a n a l s .  

The e s t i m a t e d  c a p i t a l  c o s t  ( r e c o n n a i s s a n c e )  f o r  t h e s e  exchange 
f a c i l i t i e s  i s  $260,000,000,  i n c l u d i n g  t h e  e s t i m a t e d  amount r e q u i r e d  
t o  o f f s e t  t h e  a d v e r s e  e f f e c t  on e x i s t i n g  powerp lan t s  below t h e  
t u n n e l  d i v e r s i o n s .  The annua l  OM&R c o s t s  a r e  e s t i m a t e d  a t  $1,400,000.  
Pumping c o s t s  a r e  e s t i m a t e d  t o  approximate  $6,100,000.  



The a d d i t i o n a l  w a t e r ,  1 ,200 ,000  a c r e - f e e t ,  r e q u i r e d  f o r  
exchange purposes  would be conserved i n  two s t o r a g e  r e s e r v o i r s  
proposed on T r i n i t y  R i v e r .  H ~ l e n a  R e s e r v o i r ,  w i t h  a  g r o s s  s t o r a g e  
c a p a c i t y  of  2 ,800,000 a c r e - f e e t ,  would be  b u i l t  on t h e  main T r i n i t y  
R i v e r  downstream from Lewiston Dam. T h i s  r e s e r v o i r  would deve lop  
a n  a n n u a l  new w a t e r  y i e l d  of 600,000 a c r e - f e e t  which would be d i v e r t -  
ed t o  t h e  Sacramento River .  Subsequen t ly ,  Eltapom R e s e r v o i r ,  w i t h  
a g r o s s  s t o r a g e  c a p a c i t y  o f  3,100,000 a c r e - f e e t ,  would be  c o n s t r u c t e d  
on t h e  South Fork of T r i n i t y  R i v e r ,  T h i s  r e s e r v o i r  a l s o  would 
d e v e l o p  a n  annua l  y i e l d  of  600,000 a c r e - f e e t  which would be d i v e r t e d  
t o  Helena R e s e r v o i r ,  w i t h  subsequent  d i v e r s i o n  t o  Sacramento R i v e r .  
Power g e n e r a t i n g  f a c i l i t i e s  would be  i n c o r p o r a t e d  w i t h  t h e s e  
proposed developments.  Es t ima ted  c a p i t a l  c o s t s  of  t h e s e  r e s e r v o i r s  
and a s s o c i a t e d  f a c i l i t i e s ,  a s  e s t i m a t e d  by t h e  S t a t e  o f  C a l i f o r n i a ,  
a r e  $540,000,000. Annual OMhR c o s t s  would be o f f s e t  by power r e v e n u e s ,  
w i t h  a  n e t  annua l  amount remaining o f  a b o u t  $12,300,000.  

The e s t i m a t e d  t o t a l  c a p i t a l  c o s t  f o r  t h i s  p r o s p e c t i v e  p l a n ,  
i n c l u d i n g  t u n n e l  d i v e r s i o n s  and conveyance t o  s o u t h e r n  C a l i f o r n i a ,  
exchange conveyance f a c i l i t i e s ,  and s t o r a g e  r e s e r v o i r  sys tems,  i s  
$1,810,001,000. Annual OM&R and pumping c o s t s  would be o f f s e t  by 
power revenues  w i t h  a  n e t  a n n u a l  amount remaining of $2,700,000.  

Under t h i s  p r o p o s a l ,  t h e r e f o r e ,  t h e  a d d i t i o n a l  1,200,000 a c r e -  
f e e t  o f  wa te r  would be s t o r e d  and conveyed t o  s o u t h e r n  C a l i f o r n i a  
a c  a n  e s t i m a t e d  annual  e q u i v a l e n t  c o s t  o f  $66 p e r  a c r e - f o o t ,  i n c l u d -  
i n g  i n t e r e s t  a t  3 p e r c e n t  and a m o r t i z a t i o n  of  t h e  f a c i l i t i e s  i n  
50 y e a r s ,  The a v e r a g e  annua l  a c r e - f o o t  c o s t  g i v e n  i s  computed by 
u s i n g  i n c r e m e n t a l  c o s t s  o f  en la rgement  o f  p a r t  of  t h e  C a l i f o r n i a  
Aqueduct,  A p p r o p r i a t e  a l l o c a t i o n  o f  c o s t s  between t h e  C a l i f o r n i a  
Aqueduct and t h e  proposed i n c r e m e n t a l  enlargement  under t h i s  p l a n  
may r e f l e c t  some i n c r e a s e  i n  t h i s  a c r e - f o o t  v a l u e .  

T h i s  p l a n  c o n t e m p l a t e s  d i v e r s i o n  of  w a t e r  from s e v e r a l  e a s t  
s i d e  San Joaqu in  Va l l ey  s t r e a m s  by r e l a t i v e l y  h i g h  e l e v a t i o n  t u n n e l s .  
S i n c e  t h i s  wa te r  i s  now be ing  used downstream, exchange f a c i l i t i e s  
and w a t e r  s u p p l i e s  w i l l  be r e q u i r e d .  Approval of  t h e s e  exchanges 
~ i i l P  r e q u i r e  n e g o t i a t i o n s  w i t h  t h e  downstream w a t e r  u s e r s .  Such 
n e g o t i a t i o n s  cou ld  b e  bo th  l e n g t h y  and complex. 

The r e s e r v o i r  s t o r a g e  sys tems  and r e l a t e d  d i v e r s i o n s  t o  
Sacramento River  proposed under  t h i s  p l a n  should  be a u t h o r i z e d  f o r  
c o n s t r u c t i o n  and o p e r a t i o n  by t h e  Bureau o f  Reclamat ion a s  p a r t  o f  
t h e  P a c i f i c  Southwest  Water P l a n ,  even though they  w i l l  be  i n t e -  
g r a t e d  c l o s e l y  w i t h  e x i s t i n g  and proposed f e a t u r e s  of  t h e  F e d e r a l  
C e n t r a l  Va l l ey  P r o j e c t .  

The e a s t  s i d e  San J o a q u i n  V a l l e y  a r e a s  a r e  ve ry  consc ious  of  
t h e i r  e x i s t i n g  and i n c r e a s i n g  needs  f o r  a d d i t i o n a l  wa te r .  They w i l l  
be a l e r t  p a r t i c u l a r l y  t o  any p l a n  which p roposes  i n c r e a s e d  e x p o r t a -  
t i o n  o f  wa te r  from t h e  C e n t r a l  Va l l ey  Basin  u n l e s s  t h a t  p l a n  a l s o  



i n c l u d e s  s e r v i c e  co t h e  San J o a q u i n  V a l l e y  a r e a s .  A s  a n  i n t e g r a l  
p a r t  of t h i s  p l a n  of development,  t h e r e f o r e ,  a n  a d d i t i o n a l  3 ,000  
c . f  . s ,  increment  would be  added t o  b r i n g  a n  a d d i t i o n a l  new supp ly  
of 1 ,400 ,000  a c r e - f e e t  t o  t h e  e a s t  s i d e  San J o a q u i n  V a l l e y .  T h i s  
w o ~ l d  i n c l u d e  conveyance th rough  t h e  C a l i f o r n i a  Aqueduct t o  Wheeler 
Ridge pumping p l a n t ,  and from t h a t  l o c a t i o n  th rough  t h e  new c a n a l  
t o  T u l e  Rives .  I n  a d d i t i o n ,  o f f - s t r e a m  r e s e r v o i r s  a t  Hungry Hollow 
s i t e  on Deer Creek,  and Owens Mountain s i t e  on L i t t l e  Dry Creek 
would be i n c l u d e d  f o r  s t o r a g e .  

Es t ima ted  c a p i t a l  c o s t s  ( r e c o n n a i s s a n c e )  of t h e  a d d i t i o n a l  
f a c i l i t i e s  proposed f o r  e a s t  s i d e  s e r v i c e  a r e  $375,000,000.  Annual 
OM&R c o s t s  a r e  e s t i m a t e d  a t  $1,450,000.  Es t ima ted  c o s t s  of pumping 
t h e  water  f o r  s e r v i n g  e a s t  s i d e  San J o a q u i n  V a l l e y  a r e a s  a r e  
$9 ,400 ,000 ,  

Subsequent e a r l y  a u t R o r i z a t i o n  of a d d i t i o n a l  works would be  
r e q u i r e d  c o  p rov ide .  i n c r e a s e d  E a s t  S i d e  D i v i s i o n  s e r v i c e  th rough  
facilities on t h e  e a s t  s i d e  of San J o a q u i n  V a l l e y  f rom t h e  D e l t a  
t o  connect  a t  T u l e  River  w i t h  t h e  f e a t u r e s  proposed under  t h i s  p l a n .  

The t r a n s f e r  of a d d i t i o n a l  wa te r  of a  h i g h  q u a l i t y  th rough  
t h e  Sacramento-San J o a q u i n  River  D e l t a  w i l l  r e q u i r e  m o d i f i c a t i o n  
of t h e  p r e s e n t  c h a n n e l s ,  which were c o n s t r u c t e d  a s  p a r t  of t h e  
e x t e n s i v e  l e v e e  system t o  p r o t e c t  t h e  low e l e v a t i o n  D e l t a  l a n d s  
from f l o o d i n g .  To accomplish  t h i s ,  t h e  Bureau h a s  proposed t h a t  
a  new channel around t h e  p e r i p h e r y  of t h e  D e l t a  w i l l  p r o v i d e  t h e  
h i g h e s t  p o s s i b l e  wa te r  q u a l i t y - - t o t a l  d i s s o l v e d  s o l i d s  w i l l  a v e r a g e  
l e s s  t h a n  200 p a r t s  pe r  m i l l i o n ,  I n  a d d i t i o n ,  t h e  channel  w i l l  
p rov ide  maximum p r o t e c t i o n  t o  t h e  l a r g e  r e s i d e n t  and anadromous 
f i s h e r i e s  t h a t  a s e  t h e  p r e s e n t  D e l t a  c h a n n e l s ,  

The e s t i m a t e d  c a p i t a l  c o s t  of t h e  D e l t a  P e r i p h e r a l  Canal i s  
$70,000,000,  w i t h  a n  annua l  OM&R c o s t ,  i n c l u d i n g  power, of $800,000.  
T h i s  f a c i l i t y  shou ld  be a u t h o r i z e d  f o r  F e d e r a l  c o n s t r u c t i o n ,  w i t h  
a p p r o p r i a t e  f i n a n c i a l  p a r t i c i p a t i o n  by t h e  S t a t e  of C a l i f o r n i a .  

F ~ s t h e r  development of wa te r  i n  t h e  C e n t r a l  V a l l e y  Bas in  and 
I n c r e a s e d  d i - ~ e s s i o n s  from t h e  D e l t a ,  e i t h e r  f o r  u s e  i n  s o u t h e r n  
California o r  w l t h i n  t h e  C e n t r a l  V a l l e y ,  a l s o  expands  t h e  u rgency  
f o r  t h e  K e l l o g  U n i ~  t o  o f f  s e t  a d v e r s e  e f f e c t s  which may occur  t o  
w a t e r  s u p p l i e s  r e l i e d  upon by Cont ra  Cos ta  County, These  f a c i l i -  
t i e s  a r e  proposed a s  a n  i n t e g r a l  p a r t  of t h e  C e n t r a l  V a l l e y  P r o j e c t  
principally f o r  wa te r  q u a l i  r y  improvement, a l t h o u g h  o t h e r  m u l t i p l e -  
purpose  f u n c t i o n s  would b e  s e r v e d ,  f o r  t h e  u r b a n i z e d  and h i g h l y  
i n d u s t r i a l i z e d  Cont ra  C o s t a  County,  T h i s  a r e a  i s  now b e i n g  s e r v e d  
i n  p a r t  by t h e  C e n t r a l  V a l l e y  P r o j e c t .  T h i s  proposed u n i t  a l s o  
would pror$:de o p e r a c l o n a l  f l e x i b i l i t y  f o r  t h e  C e n t r a l  V a l l e y  P r o j e c t  



th rough  i n t e g r a t i o n  w i t h  o p e r a t i o n s  o f  Tracy  Pumping P l a n t  and 
t h e  proposed D e l t a  P e r i p h e r a l  Canal .  

The e s t i m a t e d  c a p i t a l  c o s t  o f  t h i s  proposed u n i t  i s  $55,000,000,  
w i t h  a n  annual  OM&R c o s t  of  $285,000,  I n  a d d i t i o n ,  a n  annua l  
pumping c o s t  o f  $120,000 i s  e s t i m a t e d ,  
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P l a n  5 ( S i e r r a  d i v e r s i o n  t o  Lake Havasu) - -Th i s  p l a n  p roposes  t o  -- 
d i v e r t  1 ,200,000 a c r e - f e e t  from t h e  major  e a s t  s i d e  San J o a q u i n  
V a l l e y  s t r e a m s ,  above a b o u t  3,000 f e e t  e l e v a t i o n ,  by a  s e r i e s  of  
t u n n e l s  of  p r o g r e s s i v e l y  l a r g e r  c a p a c i t y  s t a r t i n g  a t  t h e  San 
Joaqu in  River  above i t s  j u n c t i o n  w i t h  Big C r e ~ k  and i n t e r s e c t i n g  
t h e  Kings, Kaweah, and Tu le  R i v e r s  and d i s c h a r g i n g  i n t o  I s a b e l l a  
R e s e r v o i r ,  From I s a b e l l a  R e s e r v o i r  t h e  wa te r  would be conveyed by 
t u n n e l  t o  t h e  e a s t  s i d e  o f  t h e  S i e r r a  Nevadas t o  a p o i n t  abou t  20 
m i l e s  n o r t h  of  Mojave, From t h a t  l o c a t i o n  i t  would be conveyed 
e a s t  and s o u t h  t o  Lake Havasu on t h e  Colorado R i v e r .  Exchange 
w a t e r  f o r  t h e  a r e a s  now b e i n g  se rved  by t h e  e a s t  s i d e  s t r e a m s  
from which t u n n e l  d i v e r s i o n s  a r e  contemplated under  t h i s  p l a n  would 
need t o  be provided.  

T h i s  t u n n e l  d i v e r s i o n  p l a n  would r e q u i r e  a  s e r i e s  o f  t u n n e l s  
t o t a l i n g  140 m i l e s  i n  l e n g t h  from San Joaqu in  R i v e r  t o  I s a b e l l a  
R e s e r v o i r  on t h e  Kern R i v e r .  Assoc ia ted  w i t h  t h e s e  t u n n e l s  would 
be 11 d i v e r s i o n  dams f o r  d i v e r t i n g  w a t e r  from each o f  t h e  s t r eams .  
From I s a b e l l a  R e s e r v o i r  a  34-mile  t u n n e l  would convey t h e  wa te r  
s o u t h ~ a s t e r l y  through t h e  S i e r r a  Nevadas t o  Cottonwood Creek,  abou t  
2 C  m i l e s  n o r t h  o f  t h e  town o f  Mojave. From t h i s  l o c a t i o n  t h e  wa te r  
would be l i f t e d  185 f e e t  and conveyed 316 m i l e s  th rough  a  2,000 
c , f , s ,  c a n a l  t o  Lake Havasu on t h e  Colorado River .  The a v a i l a b l e  
head makes p o s s i b l e  t h r e e  power d r o p s  i n  t h i s  reach--Newberry 
Powcrplant  66,000 kw. ,  20 m i l e s  e a s t  o f  Barstow; Bagdad Powerplant  
140,000 kw,,  abou t  80 m i l e s  e a s t  o f  Barstow; and Lake Havasu Power- 
p l a n t  72,000 kw,,  a t  t h e  t e r m i n a l  p o i n t  on t h e  Colorado River .  The 
c a p l t a l  c o s t  o f  t h e s e  t u n n e l - d i v e r s i o n s  i n c l u d i n g  f a c i l i t i e s  t o  
convey t h e  w a t e r  t o  Colorado River  ( e x c l u s i v e  of  exchange and s t o r a g e  
facilities) i s  e s t i m a t e d  t o  be $950,000,000,  on a  r e c o n n a i s s a n c e  
b a s l s ,  and t h e  annual  OMhR $2,300,000 n o t  i n c l u d i n g  c o s t  of  pumping 
encrgy.  The c o s t  of  pumping w i l l  be  o f f s e t  by power g e n e r a t e d .  The 
n c t  power g e n e r a t e d  i s  e s t i m a t e d  t o  r e t u r n  a n  a n n u a l  revenue o f  
$7,400,000.  

Exchange wa te r  f o r  t h e  a r e a s  now served below t h e  p o i n t s  of  
d i v e r s i o n  on t h e  e a s t  s i d e  s o u t h e r n  San Joaqu in  V a l l e y  s t r e a m s  would 
be  conveyed v i a  t h e  wes t  s i d e  f a c i l i t i e s ,  A 3 ,000 c . f , s .  i n c r e m e n t a l  
i n c r e a s e  would be made i n  t h e  C a l i f o r n i a  Aqueduct from t h e  D e l t a  t o  
Wheeler Ridge Pumping P l a n t .  A t  t h a t  l o c a t i o n  a  new c a n a l  would be 
c o n s t r u c t e d  c r o s s i n g  t h e  Kern, T u l e ,  and Kaweah R i v e r s ,  and t e rmin-  
a t i n g  a t  Kings R i v e r ,  A pumping p l a n t  w i t h  a  head of  abou t  50 f e e t  
1%7ould be r e q u i r e d  n e a r  t h e  Kings R i v e r  t o  l i f t  w a t e r  i n t o  t h e  h i g h e r  
e l e v a t i o n  Kings River  s e r v i c e  a r e a  c a n a l s ,  

The e s t i m a t e d  c a p i t a l  c o s t  f o r  t h e s e  exchange f a c i l i t i e s  i s  
$260,000,000 ( r e c o n n a i s s a n c e ) ,  i n c l u d i n g  t h e  e s t i m a t e d  amount r e q u i r e d  
t o  o f f s e t  t h e  a d v e r s e  e f f e c t  on e x i s t i n g  powerp lan t s  below t h e  
t u n n e l  d i v e r s i o n s .  The a n n u a l  OM&R c o s t s  a r e  e s t i m a t e d  a t  $1,400,000.  
Punping c o s t s  a r e  e s t i m a t e d  t o  approx imate  $6,100,000.  



The a d d i t i o n a l  w a t e r ,  1 ,200,000 a c r e - f e e t ,  r e q u i r e d  f o r  
exchange purposes  would be  conserved i n  two s t o r a g e  r e s e r v o i r s  
proposed on T r i n i t y  R i v e r ,  Helena R e s e r v o i r  w i t h  a  g r o s s  s t o r -  
a g e  c a p a c i t y  of  2 ,800,000 a c r e - f e e t  would be  b u i l t  on t h e  main 
T r i n l t y  R i v e r  downstream from Lewiston Dam. T h i s  r e s e r v o i r  would 
deve lop  a n  annua l  new water y i e l d  o f  600,000 a c r e - f e e t  which would 
be d l v e r t e d  t o  t h e  Sacramento R i v e r .  Subsequen t ly  Eltapom R e s e ~ -  
v o i r ,  w i t h  a  g r o s s  s t o r a g e  c a p a c i t y  of  3 ,100,000 a c r e - f e e t ,  would 
be  c o n s t r u c t e d  on t h e  South  Fork o f  T r i n i t y  R i v e r .  T h i s  r e s e r v o i r  
a l s o  would deve lop  a n  a n n u a l  y i e l d  of  600,000 a c r e - f e e t  which 
would be d i v e r t e d  t o  Helena R e s e r v o i r  w i t h  subsequen t  d i v e r s i o n  t o  
Sacramento R i v e r ,  Power g e n e r a t i n g  f a c i l i t i e s  would be i n c o r -  
p o r a t e d  w i t h  t h e s e  proposed developments.  

Es t ima ted  c a p i t a l  c o s t s  o f  t h e s e  r e s e r v o i r s  and a s s o c i a t e d  
f a c i l i t i e s  a r e  $540,000,000.  Annual OM&R c o s t s  would be  o f f s e t  by 
power revenues  wi th  a  n e t  annua l  amount remaining of  a b o u t  $12,300,000.  

The e s t i m a t e d  t o t a l  c a p i t a l  c o s t  f o r  t h i s  p r o s p e c t i v e  p l a n ,  
i n c l u d i n g  t u n n e l  d i v e r s i o n s  and conveyance t o  Lake Havasu on 
Colorado R i v e r ,  exchange conveyance f a c i l i t i e s ,  and s t o r a g e  r e s e r v o i r  
systems i s  $1,750,000,000.  The a n n u a l  OMhR and pumping c o s t s  a r e  
o f f s e t  by power g e n e r a t e d  w i t h  a n  e s t i m a t e d  a n n u a l  revenue remaining 
of  $9,900,000,  

Under t h i s  p r o p o s a l ,  t h e r e f o r e ,  t h e  a d d i t i o n a l  1 ,200,000 a c r e -  
f e e t  of  w a t e r  would be s t o r e d  and conveyed t o  Lake Havasu a t  a n  
e s t i m a t e d  a v e r a g e  a n n u a l  e q u i v a l e n t  c o s t  of  $58 p e r  a c r e - f o o t ,  
i n c l u d i n g  i n t e r e s t  a t  3 p e r c e n t  and a m o r t i z a t i o n  of t h e  f a c i l i t i e s  
i n  50 y e a r s .  

The a v e r a g e  a n n u a l  a c r e - f o o t  c o s t  g i v e n  i s  computed by u s i n g  
i n c r e m e n t a l  c o s t s  of  enlargement  o f  p a r t  o f  t h e  C a l i f o r n i a  Aqueduct. 
Appropr ia te  a l l o c a t i o n  o f  c o s t s  between t h e  C a l i f o r n i a  Aqueduct and 
t h e  proposed i n c r e m e n t a l  enlargement  under t h i s  p l a n  may r e f l e c t  
some i n c r e a s e  i n  t h i s  a c r e - f o o t  v a l u e .  

T h i s  p l a n  c o n t e m p l a t e s  d i v e r s i o n  of w a t e r  from s e v e r a l  e a s t  
s i d e  San Joaqu in  V a l l e y  s t r e a m s  by r e l a t i v e l y  h i g h  e l e v a t i o n  t u n n e l s .  
S i n c e  t h i s  w a t e r  i s  now b e i n g  used downstream, exchange f a c i l i t i e s  
and wa te r  s u p p l i e s  w i l l  be  r e q u i r e d ,  Approval of  t h e s e  exchanges  
w i l l  r e q u i r e  n e g o t i a t i o n s  w i t h  t h e  downstream w a t e r  u s e r s .  Such 
n e g o t i a t i o n s  could  be  b o t h  l e n g t h y  and complex. 

The r e s e r v o i r  s t o r a g e  sys tems and r e l a t e d  d i v e r s i o n s  t o  
Sacramento R i v e r  proposed under  t h i s  p l a n  should  be a u t h o r i z e d  f o r  
c o n s t r u c t i o n  and o p e r a t i o n  by t h e  Bureau of  Reclamat ion as a  p a r t  
of  t h e  P a c i f i c  Southwest  Water P lan  even though they  w i l l  be i n t e -  
g r a t e d  c l o s e l y  wi th  e x i s t i n g  and proposed f e a t u r e s  o f  t h e  F e d e r a l  
C e n t r a l  V a l l e y  P r o j e c t ,  



The  e a s t  s i d e  San J o a q u i n  V a l l e y  a r e a s  a r e  v e r y  c o n s c i o u s  of 
t h e i r  e x i s t i n g  and i n c r e a s i n g  n e e d s  f o r  a d d i t i o n a l  water. They 
w i l l  b e  a l e r t ,  p a r t i c u l a r l y  t o  any  p l a n  which p r o p o s e s  i n c r e a s e d  
e x p o r t a t i o n  of water from t h e  C e n t r a l  V a l l e y  B a s i n  u n l e s s  t h a t  
p l a n  a l s o  i n c l u d e s  s e r v i c e  t o  t h e  San J o a q u i n  V a l l e y  areas. 

A s  a n  i n t e g r a l  p a r t  of t h i s  p l a n  of deve lopmen t ,  t h e r e f o r e ,  
a n  a d d i t i o n a l  3 , 0 0 0  c . f . s .  i n c r e m e n t  would b e  added t o  b r i n g  a n  
a d d i t i o n a l  new s u p p l y  of l,4OO,OOO a c r e - f e e t  t o  t h e  e a s t  s i d e  of 
San J o a q u i n  V a l l e y .  T h i s  would i n c l u d e  conveyance  t h r o u g h  t h e  
C a l i f o r n i a  Aqueduct t o  Wheeler  Ridge  Pumping P l a n t ,  a n d  f rom t h a t  
l o c a t i o n  t h r o u g h  t h e  new c a n a l  t o  T u l e  R i v e r ,  I n  a d d i t i o n ,  o f f -  
s t r e a m  r s s e r v o i r s  a t  Hungry Hol low s i t e  on Deer C r e e k ,  a n d  Owens 
Mounta in  s i t e  on L i t t l e  Dry Creek  would b e  i n c l u d e d  f o r  s t o r a g e .  

E s t i m a t e d  c a p i t a l  c o s t  of t h e  a d d i t i o n a l  f a c i l i t i e s  p roposed  
f o r  e a s t  s i d e  s e r v i c e  i s  $375 ,000 ,000  ( r e c o n n a i s s a n c e ) ,  Annual 
OM&R c o s t s  a r e  e s t i m a t e d  a t  $1 ,450 ,000 .  E s t i m a t e d  c o s t s  of pump- 
i n g  t h e  w a t e r  f o r  s e r v i n g  E a s t  S i d e  San J o a q u i n  V a l l e y  areas are 
$ 9 , 4 0 0 , 0 0 0 .  

Subsequen t  e a r l y  a u t h o r i z a t i o n  of a d d i t i o n a l  works  would be  
r e q u i r e d  t o  p r o v i d e  i n c r e a s e d  E a s t  S i d e  D i v i s i o n  s e r v i c e  t h r o u g h  
f a c i l i t i e s  on t h e  e a s t  s i d e  of  San  J o a q u i n  V a l l e y  f r o m  t h e  D e l t a  
t o  c o n n e c t  a t  T u l e  R i v e r  w i t h  t h e  f e a t u r e s  p roposed  u n d e r  t h i s  
p l a n .  

The  t r a n s f e r  of a d d i t i o n a l  w a t e r  of a h i g h  q u a l i t y  t h r o u g h  
t h e  Sacramento-San J o a q u i n  Delta w i l l  r e q u i r e  m o d i f i c a t i o n  of t h e  
p r e s e n t  c h a n n e l s  which were c o n s t r u c t e d  as p a r t  of t h e  e x t e n s i v e  
l e v e e  sys t em t o  p r o t e c t  t h e  low e l e v a t i o n  Delta l a n d s  f rom f l o o d -  
i n g .  To a c c o m p l i s h  t h i s  t h e  Bureau  of R e c l a m a t i o n  h a s  p roposed  
t h a t  a new channe l  a round  t h e  p e r i p h e r y  of t h e  Delta w i l l  p r o v i d e  
t h e  h i g h e s t  p o s s i b l e  w a t e r  q u a l i t y - - t o t a l  d i s s o l v e d  s o l i d s  w i l l  
a v e r a g e  l e s s  t h a n  200 p a r t s  p e r  m i l l i o n .  I n  a d d i t i o n ,  t h e  channe l  
w i l l  p r o v i d e  maximum p r o t e c t i o n  t o  t h e  l a r g e  r e s i d e n t  and  anadro -  
mous f i s h e r i e s  t h a t  u s e  t h e  p r e s e n t  Delta c h a n n e l s .  

The  e s t i m a t e d  c a p i t a l  c o s t  of t h e  Delta P e r i p h e r a l  Canal  i s  
$70 ,000 ,000  w i t h  a n  annua l  OMhR, i n c l u d i n g  power f o r  pumping, of 
$800,000.  T h i s  f a c i l i t y  s h o u l d  b e  a u t h o r i z e d  f o r  F e d e r a l  c o n s t r u c -  
t i o n ,  w i t h  a p p r o p r i a t e  f i n a n c i a l  p a r t i c i p a t i o n  by t h e  S t a t e  of 
C a l i f o r n i a .  

F u r t h e r  development  of w a t e r  i n  t h e  C e n t r a l  V a l l e y  B a s i n  and  
i n c r e a s e d  d i v e r s i o n s  f rom t h e  Delta, e i t h e r  f o r  u s e  i n  s o u t h e r n  
C a l i f o r n i a  o r  w i t h i n  t h e  C e n t r a l  V a l l e y ,  a l s o  expands  t h e  u r g e n c y  
f o r  t h e  K e l l o g  U n i t  t o  o f f  s e t  a d v e r s e  e f f e c t s  which may o c c u r  t o  
wa te r  s u p p l i e s  r e l i e d  upon by C o n t r a  C o s t a  County .  T h e s e  f a c i l i t i e s  



a r e  proposed a s  an  i n t e g r a l  p a r t  of t h e  C e n t r a l  V a l l e y  P r o j e c t  
p r i n c i p a l l y  f o r  wa te r  q u a l i t y  improvement, a l t h o u g h  o t h e r  m u l t i p l e -  
purpose  f u n c t i o n s  would b e  s e r v e d ,  f o r  t h e  u r b a n i z e d  and h i g h l y  
i n d u s t r i a l i z e d  Contra  Cos ta  County. T h i s  a r e a  i s  now be ing  se rved  
i n  p a r t  by t h e  C e n t r a l  V a l l e y  P r o j e c t .  T h i s  proposed u n i t  a l s o  
would p rov ide  o p e r a t i o n a l  f l e x i b i l i t y  f o r  t h e  C e n t r a l  V a l l e y  
P r o j e c t  through i n t e g r a t i o n  wi th  o p e r a t i o n s  of  Tracy  Pumping P l a n t  
and t h e  proposed D e l t a  P e r i p h e r a l  Canal .  

The e s t i m a t e d  c a p i t a l  c o s t  o f  t h i s  proposed u n i t  i s  $55,000,000 
w i t h  a n  annua l  OMhR c o s t  o f  $285,000.  I n  a d d i t i o n  a n  a n n u a l  pumping 
c o s t  of $120,000 i s  e s t i m a t e d .  
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P l a n  6  ( S i e r r a  D i v e r s i o n  t o  S o u t h e r n  C a l i f  o r n i a - E a s t  S i d e  
D i v i s i o n  E x c h a n g e ) - - T h i s  p l a n  p r o p o s e s  t o  d i v e r t  1 , 2 0 0 , 0 0 0  a c r e -  
f e e t  f rom t h e  major  east s i d e  San J o a q u i n  V a l l e y  s t r e a m s ,  above  
a b o u t  3 , 0 0 0  f e e t  e l e v a t i o n ,  by a s e r i e s  of t u n n e l s  of p r o g r e s s i v e l y  
l a r g e r  c a p a c i t y  s t a r t i n g  a t  t h e  San J o a q u i n  R i v e r  above  i t s  j u n c t i o n  
w i t h  B i g  C r e e k ,  and  i n t e r s e c t i n g  t h e  Kings ,  Kaweah, and  T u l e  R i v e r s ,  
and d i s c h a r g i n g  i n t o  I s a b e l l a  R e s e r v o i r .  From I s a b e l l a  R e s e r v o i r  
t h e  w a t e r  would be conveyed by t u n n e l  t o  t h e  e a s t  s i d e  of  t h e  S i e r r a  
Nevadas,  and  t h e n c e  t h r o u g h  A n t e l o p e  V a l l e y  t o  j o i n  t h e  C a l i f o r n i a  
Aqueduct n e a r  t h e  Cottonwood P o w e r p l a n t .  From t h a t  l o c a t i o n  i t  would 
be conveyed th rough  t h e  aqueduc t  t o  P e r r i s  R e s e r v o i r .  Exchange w a t e r  
f o r  t h e  a r e a s  now b e i n g  s e r v e d  by t h e  e a s t  s i d e  s t r e a m s  f rom which 
t u n n e l  d i v e r s i o n s  a r e  c o n t e m p l a t e d  unde r  t h i s  p l a n  would need  t o  b e  
p rov ided .  

T h i s  t u n n e l  d i v e r s i o n  p l a n  would r e q u i r e  a s e r i e s  of t u n n e l s  
t o t a l i n g  140 m i l e s  i n  l e n g t h  f rom San  J o a q u i n  R i v e r  t o  I s a b e l l a  
R e s e r v o i r  on t h e  Kern R i v e r .  A s s o c i a t e d  w i t h  t h e s e  t u n n e l s  would 
be  1 1  d i v e r s i o n  dams f o r  d i v e r t i n g  w a t e r  f rom e a c h  of t h e  streams. 
From I s a b e l l a  R e s e r v o i r  a 3 4 - m i l e  t u n n e l  would convey t h e  w a t e r  
s o u t h e a s t e r l y  t h r o u g h  t h e  S i e r r a  Nevadas t o  Cottonwood C r e e k ,  a b o u t  
20 m i l e s  n o r t h  of t h e  town of Mojave. From t h i s  l o c a t i o n  t h e  w a t e r  
would be  l i f t e d  650 f e e t  and  conveyed by a  7 5 - m i l e ,  2 ,000  c .  f .  s .  
c a n a l  t o  j o i n  t h e  C a l i f o r n i a  Aqueduct  below t h e  Cottonwood Powerp lan t  
nea r  F a i r m o n t ,  Los  Ange le s  County.  The aqueduc t  would be  i n c r e a s e d  
2 ,000 c .  f .  s. t o  convey t h e  water t o  P e r r i s  R e s e r v o i r .  The  c a p i t a l  
c o s t  of t h e  S i e r r a  d i v e r s i o n  t u n n e l s  and conveyance  f a c i l i t i e s  t o  
s o u t h e r n  C a l i f o r n i a  ( e x c l u s i v e  of exchange  and s t o r a g e  f a c i l i t i e s )  
i s  e s t i m a t e d  on a r e c o n n a i s s a n c e  b a s i s  t o  b e  $ 1 , 0 1 0 , 0 0 0 , 0 0 0 ,  and  t h e  
annua l  OMhR $ 2 , 1 0 0 , 0 0 0 ,  n o t  i n c l u d i n g  c o s t  of pumping e n e r g y .  The 
n e t  c o s t  of pumping i s  e s t i m a t e d  t o  b e  z e r o .  

Exchange w a t e r  f o r  t h e  a r e a s  now s e r v e d  be low t h e  p o i n t s  of 
d i v e r s i o n  on t h e  east s i d e  streams would b e  conveyed t h r o u g h  E a s t  
S i d e  D i v i s i o n  ( e n l a r g e d ) .  A 3 , 0 0 0  c . f . s .  i n c r e m e n t a l  i n c r e a s e  would 
b e  made i n  t h e s e  f a c i l i t i e s  t o  t h e  Kern  R i v e r .  

The e s t i m a t e d  c a p i t a l  c o s t  ( r e c o n n a i s s a n c e )  f o r  t h i s  i n c r e m e n t a l  
en l a rgemen t  f o r  exchange  p u r p o s e s  i s  $200 ,000 ,000 ,  i n c l u d i n g  t h e  e s t i -  
mated amount r e q u i r e d  t o  o f f s e t  t h e  a d v e r s e  e f f e c t  on e x i s t i n g  power- 
p l a n t s  below t h e  t u n n e l  d i v e r s i o n s .  The annua l  OMhR c o s t s  a r e  e s t i m a t e d  
a t  $750,000.  Pumping c o s t s  are  e s t i m a t e d  t o  a p p r o x i m a t e  $5 ,600 ,000  
annua l  1  y. 

The a d d i t i o n a l  water, 1 , 2 0 0 , 0 0 0  a c r e - f e e t ,  r e q u i r e d  f o r  exchange  
pu rposes  would be c o n s e r v e d  i n  two s t o r a g e  r e s e r v o i r s  p roposed  on 
T r i n i t y  R i v e r .  He lena  R e s e r v o i r ,  w i t h  a g r o s s  s t o r a g e  c a p a c i t y  of 
2 ,800 ,000  a c r e - f e e t ,  would be b u i l t  on t h e  main T r i n i t y  R i v e r  down- 
s t r e a m  f rom L e w i s t o n  Dam. T h i s  r e s e r v o i r  would d e v e l o p  a n  annua l  



new w a r e r  y i e l d  of 600,000 a c r e - f  e e t ,  which would b e  d i v e r t e d  t o  t h e  
Sac ramen to  R i v e r .  S u b s e q u e n t l y ,  El tapom R e s e r v o i r ,  w i t h  a g r o s s  
s r o r a g e  c a p a c i t y  of 3 ,100 ,000  a c r e - f e e t ,  would be  c o n s t r u c t e d  on t h e  
Sou th  Fork  of T r i n i t y  R i v e r .  T h i s  r e s e r v o i r  a l s o  would d e v e l o p  a n  
annua l  y i e l d  of 600,000 a c r e - f  e e t  which would be  d i v e r t e d  t o  He lena  
R e s e r v o i r ,  w i t h  subsequen t  d i v e r s i o n  t o  Sac ramen to  R i v e r .  Power 
g e n e r a c i n g  f a c i l i t i e s  would be  i n c o r p o r a t e d  w i t h  t h e s e  proposed  
developments .  E s t i m a t e d  c a p i t a l  c o s t s  of t h e s e  r e s e r v o i r s  and a s s o -  
c i a t e d  f a c i l i t i e s ,  a s  e s t i m a t e d  by t h e  S t a t e  of C a l i f o r n i a ,  a r e  
$540 ,000 ,000 .  Annual OM&R c o s t s  would b e  o f f  set by power r e v e n u e s  
w i t h  a n e t  annua l  amount r e m a i n i n g  of a b o u t  $12 ,300 ,000 .  

The e s t i m a t e d  t o t a l  c a p i t a l  c o s t  f o r  t h i s  p r o s p e c t i v e  p l a n ,  
i n c l u d i n g  t u n n e l  d i v e r s i o n s  and  conveyance  t o  s o u t h e r n  C a l i f o r n i a ,  
exchange  conveyance  f a c i l i t i e s ,  and  s t o r a g e  r e s e r v o i r  sys t ems  i s  
$1 ,750 ,000 ,000  ( r e c o n n a i s s a n c e ) .  The e s t i m a t e d  annua l  OM&R and 
pumping c o s t s  would b e  o f f  set by power r e v e n u e s  w i t h  a n e t  amount 
r e m a i n i n g  of a b o u t  $3 ,900 ,000 ,  

Under t h i s  p r o p o s a l ,  t h e r e f o r e ,  t h e  a d d i t i o n a l  1 , 2 0 0 , 0 0 0  a c r e -  
f e e t  of w a t e r  would b e  s t o r e d  and conveyed t o  s o u t h e r n  C a l i f o r n i a  
a t  a n  e s t i m a t e d  a v e r a g e  annua l  e q u i v a l e n t  c o s t  of $63.00  pe r  a c r e -  
f o o t ,  i n c l u d i n g  i n t e r e s t  a t  3 p e r c e n t  and a m o r t i z a t i o n  of t h e  
f a c i l i t i e s  i n  50 y e a r s .  

The a v e r a g e  a n n u a l  a c r e - f o o t  c o s t  g i v e n  i s  computed by u s i n g  
o n l y  t h e  i n c r e m e n t a l  c o s t s  of e n l a r g e m e n t  of conveyance  f a c i l i t i e s .  
A p p r o p r i a t e  a l l o c a t i o n  of c o s t s  be tween t h e  E a s t  S i d e  D i v i s i o n  
f a c i l i t i e s  and  t h e  proposed  i n c r e m e n t a l  e n l a r g e m e n t  u n d e r  t h i s  
p l a n  may r e f l e c t  some i n c r e a s e  i n  t h i s  a c r e - f o o t  v a l u e .  

T h i s  p l a n  c o n t e m p l a t e s  d i v e r s i o n  of w a t e r  f rom s e v e r a l  e a s t  
s i d e  San  J o a q u i n  V a l l e y  s t r e a m s  by r e l a t i v e l y  h i g h  e l e v a t i o n  
c u n n e l s .  S i n c e  t h i s  w a t e r  i s  now b e i n g  u s e d  downstream, exchange 
f a c i l i t i e s  and w a t e r  s u p p l i e s  w i l l  be  r e q u i r e d .  Approval  of t h e s e  
exchanges  w i l l  r e q u i r e  n e g o t i a t i o n s  w i t h  t h e  downstream w a t e r  u s e r s .  
Sdch n e g o t i a t i o n s  c o u l d  be b o t h  l e n g t h y  and complex. 

The r e s e r v o i r  s t o r a g e  s y s t e m s  and r e l a t e d  d i v e r s i o n s  t o  
Sacramento  R i v e r  p roposed  u n d e r  t h i s  p l a n  s h o u l d  be  a u t h o r i z e d  f o r  
c o n s t r u c t i o n  and o p e r a t i o n  by t h e  Bureau of Rec lama t ion  a s  p a r t  of 
t h e  P a c i f i c  Sou thwes t  Water P l a n ,  even  though t h e y  w i l l  be  i n t e -  
g r a t e d  c l o s e l y  w i t h  e x i s t i n g  and  p roposed  f e a t u r e s  of t h e  F e d e r a l  
C e n t r a l  V a l l e y  P r o j e c t .  

A s s o c i a t e d  w i t h  t h i s  development  would b e  t h e  E a s t  S i d e  Div i -  
s l o n ?  which would p r o v i d e  L,5OO,OOO a c r e - f  e e t  of s e r v i c e  t o  t h a t  
a r e a  w i t h  i t s  r e s u l t i n g  m u l t i p l e - p u r p o s e  b e n e f i t s .  The e s t i m a t e d  
c a p i t a l  c o s t  of t h e  p roposed  f a c i l i t i e s ,  e x c l u s i v e  of d i s t r i b u t i o n  



sys tems,  r e q u i r e d  f o r  E a s t  S i d e  D i v i s i o n  i s  abou t  $600,000,000.  
T h i s  E a s t  S i d e  D i v i s i o n  i s  proposed f o r  a u t h o r i z a t i o n ,  c o n s t r u c -  
t i o n ,  and o p e r a t i o n  a s  a n  i n t e g r a l  p a r t  of t h e  C e n t r a l  V a l l e y  
P r o j e c t .  I n  o r d e r  t o  accompl ish  t h e  conveyance of t h e  a d d i t i o n a l  
1 ,200 ,000  a c r e - f  e e t  t o  s o u t h e r n  C a l i f o r n i a ,  c o n c u r r e n t  a u t h o r i z a -  
 ion and c o n s t r u c t i o n  of t h e  f a c i l i t i e s  would be  r e q u i r e d .  

Two o t h e r  f a c i l i t i e s ,  t h e  D e l t a  P e r i p h e r a l  Canal and t h e  
Ke l log  U n i t ,  a l s o  should  be  a s s o c i a t e d  wi th  t h i s  proposed p l a n  
f o r  a u t h o r i z a t i o n  a s  p a r t  of t h e  C e n t r a l  V a l l e y  P r o j e c t ,  w i t h  
f i n a n c i a l  p a r t i c i p a t i o n  by t h e  S t a t e  and o t h e r  a g e n c i e s  a s  appro-  
p r i a t e ,  These f a c i l i t i e s  w i l l  o f f s e t ,  i n  p a r t i c u l a r ,  a d v e r s e  
e f f e c t s  which may occur t o  wa te r  s u p p l i e s  i n  t h e  D e l t a  a r e a  due 
t o  f u r t h e r  water supply  development i n  t h e  C e n t r a l  V a l l e y  B a s i n  
and i n c r e a s e d  d i v e r s i o n s  from t h e  D e l t a .  The t o t a l  c a p i t a l  c o s t s  
of t h e s e  f e a t u r e s  a r e  e s t i m a t e d  a t  $125,000,000,  w i t h  annual  OMhR 
c o s t s ,  i n c l u d i n g  pumping, of $1,200,000.  
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Plan  7 ( S i e r r a  d i v e r s i o n  t o  Lake Havasu--East  S i d e  D i v i s i o n  
e x c h a n g e s ) - - T h i s  p l a n  p r o p o s e s  t o  d i v e r t  1,200,000 a c r e - f e e t  from 
t h ~  major  e a s t  s i d e  San J o a q u i n  Va l l ey  s t r e a m s ,  above a b o u t  3,000 
f e e t  e l e v a t i o n ,  by a  s e r i e s  o f  t u n n e l s  of  p r o g r e s s i v e l y  l a r g e r  
c a p a c i t y  s t a r t i n g  a t  t h e  San Joaqu in  River  above i t s  j u n c t i o n  w i t h  
Big Creek and i n t e r s e c t i n g t h e  Kings ,  Kaweah, and T u l e  R i v e r s  and 
d i s c h a r g i n g  i n t o  I s a b e l l a  R e s e r v o i r .  From I s a b e l l a  R e s e r v o i r ,  
t h e  w a t e r  would be conveyed by t u n n e l  t o  t h e  e a s t  s i d e  o f  t h e  
S i e r r a  Nevadas t o  a  p o i n t  a b o u t  20 m i l e s  n o r t h  of  Mgjave. From 
t h a t  l o c a t i o n  i t  would be conveyed e a s t  and s o u t h  t o  Lake Havasu 
on t h e  Colorado River .  Exchange wa te r  f o r  t h e  a r e a s  now b e i n g  
se rved  by t h e  e a s t  s i d e  s t r e a m s ,  from which t u n n e l  d i v e r s i o n s  
a r e  contemplated under t h i s  p l a n ,  would need t o  be prov6ded.  

T h i s  t u n n e l  d i v e r s i o n  p l a n  would r e q u i r e  a  s e r i e s  o f  t u n n e l s  
t o t a l i n g  140 m i l e s  i n  l e n g t h  from San Joaqu in  R i v e r  t o  I s a b e l l a  
R e s e r v o i r  on t h e  Kern R i v e r .  Assoc ia ted  w i t h  t h e s e  t u n n e l s  would 
be 11 d i v e r s i o n  dams f o r  d i v e r t i n g  wa te r  from each o f  t h e  s t r eams .  
From I s a b e l l a  R e s e r v o i r  a  34-mi le  t u n n e l  would convey t h e  w a t e r  
s o u t h e a s t e r l y  through t h e  S i e r r a  Nrvadas t o  Cottonwood Creek,  
a b o u t  20 m i l e s  n o r t h  of  t h e  town of  Mojave, From t h i s  l o c a t i o n  t h e  
w a t e r  would be l i f e d  185 f e r t  and conveyed 316 m i l e s  through a 
2,000 c . f , s ,  c a n a l  t o  Lake Havasu on t h e  Colorado R i v e r ,  The a v a i l -  
a b l e  head makes p o s s i b l e  t h r e e  power d r o p s  i n  t h i s  reach--Ncwberry 
Powerplant ,  66,000 kw., 20 m i l e s  e a s t  of Barstow; Bagdad Powerplant ,  
140,000 kw., abou t  80 m i l e s  e a s t  of  Barstow; and Lake Havasu Powgr- 
p l a n t ,  72,000 kw., a t  t h e  t e r m i n a l  p o i n t  on t h e  Colorado R i v e r .  
The c a p i t a l  c o s t  o f  t h e s e  t u n n e l  d i v e r s i o n s ,  i n c l u d i n g  f a c i l i t i e s  
t o  convey t h e  w a t e r  t o  Cdlorado River  ( e x c l u s i v e  o f  exchange and 
s t o r a g e  f a c i l i t i e s ) ,  i s  e s t i m a t e d  t o  be $950,000,000,  on a recon-  
n a i s s a n c e  b a s i s ,  and t h e  a n n u a l  OM&R $2,300,000,  n o t  i n c l u d i n g  
c o s t  of  pumping energy.  The c o s t  of  pumping w i l l  be o f f s e t  by 
power g e n e r a t e d .  The n e t  power g e n e r a t e d  i s  e s t i m a t e d  t o  r e tu rn '  
a n  a n n u a l  revenue o f  $7,400,000.  

Exchange w a t e r  f o r  t h e  a r e a s  now served below t h e  p o i n t s  o f  
d i v e r s i o n  on t h e  e a s t  s i d e  s t r e a m s  would be conveyed through E a s t  
S i d e  D i v i s i o n  ( e n l a r g e d ) .  A 3,000 c . f . s .  i n c r e m e n t a l  i n c r e a s e  would 
be made i n  t h e s e  f a c i l i t i e s  t o  t h e  Kern R i v e r .  

The e s t i m a t e d  r e c o n n a i s s a n c e  c a p i t a l  c o s t  f o r  t h i s  i h c r e m e n t a l  
enlargement  f o r  exchange p u r p o s e s  i s  $200,000,00C, i n c l u d i n g  t h e  
e s t i m a t e d  amount r e q u i r e d  t o  o f f s e t  t h e  a d v e r s e  e f f e c t  on e x i s t i n g  
powerp lan t s  below t h e  t u n n e l  d i v e r s i o n s .  The annua l  OM&R and pumping 
c o s t s  a r e  e s t i m a t e d  t o  approx imate  $5,600,000 a n n u a l l y .  

The a d d i t i o n a l  w a t e r ,  1,200,000 a c r e - f e e t ,  r e q u i r e d  f o r  exchange 
purposes  would be  conserved i n  two s t o r a g e  r e s e r v o i r s  proposed on 
T r i n i t y  R i v e r .  Helena R e s e r v o i r ,  w i t h  a  g r o s s  s t o r a g e  c a p a c i t y  of  



2 ,800 ,000  a c r e - f e e t ,  would be  b u i l t  on t h e  main T r i n i t y  River  
downstream from Lewiston Dam. T h i s  r e s e r v o i r  would deve lop  a n  
a n n u a l  new wate r  y i e l d  of 600,000 a c r e - f e e t  which would be  
d i v e r t e d  t o  t h e  Sacramento R i v e r .  Subsequen t ly ,  Eltapom R e s e r v o i r ,  
w i t h  a g r o s s  s t o r a g e  c a p a c i t y  o f  3 ,100,000 a c r e - f e e t ,  would be 
c o n s t r u c t e d  on t h e  South Fork o f  T h i n i t y  R i v e r .  T h i s  r e s e r v o i r  
a l s o  would deve lop  a n  annual  y i e l d  of  600,000 a c r e - f e e t  which 
would b e  d i v e r t e d  t o  Helena R e s e r v o i r  w i t h  subsequent  d i v e r s i o n  
t o  Sacramento River .  Power g e n e r a t i n g  f a c i l i t i e s  would be i n c o r -  
p o r a t e d  wi th  t h e s e  proposed developments.  Es t ima ted  c a p i t a l  
c o s c s  o f  t h e s e  r e s e r v o i r s  and a s s o c i a t e d  f a c i l i t i e s ,  as e s t i m a -  
t e d  by t h e  S t a t e  o f  C a l i f o r n i a ,  a r e  $540,000,000.  Annual OM&R 
c o s t s  would be  o f f s e t  by power revenues  w i t h  a  n e t  annua l  amount 
remaining of  a b o u t  $12,300,000, 

The e s t i m a t e d  t o t a l  c a p i t a l  c o s t  ( r e c o n n a i s s a n c e )  f o r  t h i s  
p r o s p e c t i v e  p l a n ,  i n c l u d i n g  t u n n e l  conveyance t o  Lake Havasu on 
Colorado River ,  exchange conveyance f a c i l i t i e s ,  and s t o r a g e  r e s e r -  
v o i r  sys tems i s  $1,690,000,000,  The a n n u a l  OM&R and pumping c o s t s  
a r e  o f f s e t  by power g e n e r a t e d ,  w i t h  a n  e s t i m a t e d  annua l  revenue 
remaining of  $11,000,000.  

Under t h i s  p r o p o s a l ,  t h e r e f o r e ,  t h e  a d d i t i o n a l  1 ,200,000 a c r e -  
f e e t  o f  wa te r  would be s t o r e d  and conveyed t o  s o u t h e r n  C a l i f o r n i a  
a t  a n  es t im3ted  annua l  e q u i v a l e n t  c o s t  of  $55 p e r  a c r e - f o o t ,  i n c l u d -  
i n g  i n t e r e s t  a t  3 p e r c e n t  and a m o r t i z a t i o n  o f  t h e  f a c i l i t i e s  i n  
50 y e a r s ,  

The a v e r a g e  annua l  a c r e - f o o t  c o s t  g i v e n  i s  computed by u s i n g  
o n l y  t h e  i n c r e m e n t a l  c o s t s  o f  enlargement  o f  conveyance f a c i l i t i e s .  
A p p r o p r i a t e  a l l o c a t i o n  o f  c o s t s  between t h e  E a s t  S i d e  D i v i s i o n  
f a c i l i t i e s  and t h e  proposed i n c r e m e n t a l  en la rgement  under  t h i s  p l a n  
may r e f l e c t  some i n c r e a s e  i n  t h i s  a c r e - f o o t  v a l u e .  

T h i s  p l a n  c o n t e m p l a t e s  d i v e r s i o n  of w a t e r  from s e v e r a l  e a s t  
s i d e  San Joaqu in  V a l l e y  s t r e a m s  by r e l a t i v e l y  h i g h  e l e v a t i o n  t u n n e l s .  
S i n c e  t h i s  w a t e r  i s  now be ing  used downstream, exchange f a c i l i t i e s  
and w a t e r  s u p p l i e s  w i l l  be r e q u i r e d .  Approval o f  t h e s e  exchanges 
w i l l  r e q u i r e  n e g o t i a t i o n s  w i t h  t h e  downstream w a t e r  u s e r s ,  Such 
n e g o t i a t i o n s  cou ld  be bo th  l e n g t h y  and complex. 

The r e s e r v o i r  s t o r a g e  sys tems  and r e l a t e d  d i v e r s i o n s  t o  
Sacramento River  proposed under  t h i s  p l a n  should  be a u t h o r i z e d  f o r  
c o n s t r u c t i o n  and o p e r a t i o n  by t h e  Bureau o f  Reclamat ion a s  p a r t  of  
t h e  P a c i f i c  Southwest  Water P l a n ,  even though they  w i l l  be i n t e -  
g r a t e d  c l o s e l y  w i t h  e x i s t i n g  and proposed f e a t u r e s  of  t h e  F ~ d e r a l  
C r n t r a l  Va l l ey  P r o j e c t .  



Ascocla ted  wi th  t h i s  devrlopment would be t h e  E a s t  S i d e  
Div l  s l o n ,  vh ich  would p rov ide  1 ,500,000 a c r e - f e e t  o f  s e r v i c e  t o  
t h a t  arca wi th  i t s  r e s u l t i n g  m u l t i p l e - p u r p o s e  b e n e f i t s .  The 
estimated c a p i t a l  c o s t  of  t h e  proposed f a c i l i t i e s ,  e x c l u s i v e  of  
d i s t r l b u t l o n  sys tems r e q u i r e d  f o r  E a s t  S i d e  D i v i s i o n ,  i s  abou t  
$b00,000,000.  T h i s  E a s t  S i d e  D i v i s i o n  i s  proposed f o r  a u t h o r i -  
, , a t i o n ,  c o n s t r u c t i o n ,  and o p e r a t i o n  a s  a n  i n t e g r a l  p a r t  of  t h e  
C ~ n t r a l  Val ley  P r o j e c t ,  I n  o r d e r  t o  accompl i sh  t h e  conveyance 
o f  t h c  additional 1,200,000 a c r e - f e e t  t o  s o u t h e r n  C a l i f o r n i a ,  
c o n c u r r e n t  a u t h o r i z a t i o n  and c o n s t r u c t i o n  o f  t h e  f a c i l i t i e s  
1 o d l d  be r e q u i r e d .  

Two o t h e r  f a c i l i t i e s ,  t h e  D e l t a  P e r i p h e r a l  Canal and t h e  
Ke l log  Uni t ,  a l s o  should  be a s s o c i a t e d  w i t h  t h i s  proposed p l a n  
f o r  a u t h o r i z a t i o n  a s  p a r t  of  t h e  C e n t r a l  Va l l ey  P r o j e c t ,  w i t h  
financial p a r t i c i p a t i o n  by t h e  S t a t e  and o t h e r  a g e n c i e s  a s  
a p p r o p r i a t e ,  These f a c i l i t i e s  w i l l  o f f s e t ,  i n  p a r t i c u l a r ,  a d v e r s e  
e f f e c t s  which may occur  t o  w a t e r  s u p p l i e s  i n  t h e  D e l t a  a r e a  due 
t o  f h r t h e r  wa te r  supply  development i n  t h e  C e n t r a l  V a l l e y  Basin 
and i n c r e a s e d  d i v e r s i o n s  from t h e  D e l t a ,  The t o t a l  c a p i t a l  c o s t s  
of  t h e s e  f e a t u r e s  a r e  e s t i m a t e d  a t  $125,000,000,  w i t h  annua l  OMhR 
c o s t s ,  i n c l u d i n g  pumping, of  $1,200,000.  
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Lower Eel  River S t o r a g e  and Lake Havasu Aqueduct--The s e l e c t e d  
p l a n ,  shown on Drawing No. 65-314-21,  proposes  t o  o b t a i n  t h e  second 
u n i t  of 1 ,200 ,000  a c r e - £  e e t  from t h e  proposed Sequo ia  and B e l l  S p r i n g s  
s t o r a g e  r e s e r v o i r s  on t h e  Lower Eel  R i v e r .  T h i s  sys tem,  i n c l u d i n g  
r a i l r o a d  r e 1  o c a t i o n  and conveyance f a c i l i t i e s  t o  Sacramento  R i v e r ,  
i s  e s t i m a t e d  by t h e  S t a t e  of C a l i f o r n i a  t o  c o s t  $560,000,000.  It i s  
e s t i m a t e d  t h a t  ano the r  $40,000,000 would p robab ly  be  r e q u i r e d  f o r  
a d d i t i o n a l  e l e c t r i c a l  and o t h e r  f a c i l i t i e s .  The y i e l d  from t h i s  
sys tem,  e s t i m a t e d  a t  1 ,200 ,000  a c r e - f e e t ,  would b e  pumped and r o u t e d  
th rough  t h e  Middle Fork Ee l  River  system t o  C l e a r  Lake and M o n t i c e l l o  
R e s e r v o i r ;  t h e n c e  t o  t h e  Sacramento R i v e r .  The Middle Fork E e l  R iver  
P r o j e c t ,  g e n e r a l l y  provided f o r  by t h e  C a l i f o r n i a  S t a t e  Water P l a n ,  
would need t o  be  c o n s t r u c t e d  by t h e  S t a t e  o r  t h e  Bureau of Reclama- 
t i o n  p r i o r  t o  i m p o r t a t i o n  of t h i s  w a t e r .  The S t a t e  now h a s  t h e  
Middle Fork Ee l  River  P r o j e c t  programed f o r  comple t ion  by 1978. 
P l a n s  of t h e  Bureau a r e  w e l l  advanced f o r  t h a t  u n i t ,  a l o n g  w i t h  
o t h e r  f a c i l i t i e s  on t h e  E e l  and Russ ian  R i v e r s .  It i s  e s t i m a t e d  
t h a t  n e t  pumping c o s t s  would be  abou t  $2,000,000 a n n u a l l y .  Net 
o p e r a t i o n ,  maintenance,  and rep lacement  c o s t s  of t h e s e  f a c i l i t i e s  
f o r  t h e  Lower Eel  River  P r o j e c t ,  i n c l u d i n g  pumping, a r e  e s t i m a t e d  
a t  $3,000,000 a n n u a l l y .  

T h i s  p l a n  proposes  t o  add a 2 ,000  c . f . s .  increment  t o  t h e  pro- 
posed E a s t  S i d e  D i v i s i o n  conveyance f a c i l i t i e s  f rom t h e  Sacramento 
River  th rough  t h e  Hood-Clay pump l i f t ,  and t h e n c e  through t h e  E a s t  
S i d e  D i v i s i o n  f a c i l i t i e s  t o  t h e  Kern River .  From t h a t  l o c a t i o n ,  a 
new 2,000 c . f . s .  canal  would be c o n s t r u c t e d  t o  connect  wi th  t h e  
C a l  i f  o r n i a  Aqueduct a t  Wheeler Ridge Pumping P l a n t  No. 1 .  

A d d i t i o n a l  f a c i l i t i e s  r e q u i r e d ,  t h e r e f o r e ,  w i l l  be t h e  e n l a r g e -  
ment of t h e  E a s t  S i d e  D i v i s i o n  conveyance f a c i l i t i e s  and c o n s t r u c t i o n  
of t h e  36-mile  Kern River-Wheeler Ridge Canal w i t h  2,000 c .  f .  s. 
c a p a c i t y .  A new pumping p l a n t  w i t h  a head of abou t  150 f e e t  w i l l  be 
r e q u i r e d  t o  connect  t h i s  proposed sys tem wi th  t h e  C a l i f o r n i a  Aqueduct 
a t  Wheeler Ridge.  The t o t a l  c a p i t a l  c o s t ,  on a r e c o n n a i s s a n c e  b a s i s ,  
i s  e s t i m a t e d  t o  be $145,000,000 f o r  t h e  f a c i l i t i e s  from t h e  D e l t a  
through t h e  e a s t  s i d e  system t o  Wheeler Ridge. Annual o p e r a t i o n ,  
maintenance,  and replacement  c o s t s  f o r  t h e s e  f a c i l i t i e s  a r e  e s t i -  
mated t o  be $1,000,000,  no t  i n c l u d i n g  c o s t  of pumping energy.  The 
annual  c o s t  of pumping i s  e s t i m a t e d  a t  $7,100,000.  

From Wheeler Ridge,  t h e  i n c r e a s e d  water  supp ly  of 1 ,200 ,000  a c r e -  
f e e t  would b e  conveyed th rough  t h e  C a l i f o r n i a  Aqueduct t o  Pearblossom 
Pumping P l a n t .  The e s t i m a t e d  c a p i t a l  c o s t  f o r  inc rementa l  conveyance 
f a c i l i t i e s  from Wheeler Ridge t o  Pearblossom Pumping P l a n t  i s  
$105,000,000.  Annual o p e r a t i o n ,  ma in tenance ,  and replacement  c o s t s  
f o r  t h i s  r each  a r e  e s t i m a t e d  a t  $900,000.  The n e t  power r e q u i r e d  i n  
this reach  f o r  pumping would be 3 ,740 ,000 ,000  k i l o w a t t - h o u r s .  



From Pearblossom Pumping P l a n t ,  a  new c o n d u i t ,  w i t h  a c a p a c i t y  
of 2 ,000 c .  f .  s .  , would be c o n s t r u c t e d  t o  Lake Havasu--a  d i s t a n c e  of 
about  270 m i l e s .  Four power g e n e r a t i n g  p l a n t s  would be i n s t a l l e d  t o  
u s e  t h e  a v a i l a b l e  head a l o n g  t h i s  r o u t e .  Two p l a n t s  would have  a  
head of abou t  475 f e e t  e a c h ;  one would have a  head  of abou t  975 f e e t ,  
and t h e  d r o p  i n t o  Lake Havasu would be  about 515 f e e t .  

The c a p i t a l  c o s t  of t h e  conveyance from t h e  C a l i f o r n i a  Aqueduct 
a t  Pearblossom Pumping P l a n t  t o  Lake Havasu i s  e s t i m a t e d  a t  
$170,000,000,  i n c l u d i n g  t h e  f o u r  powerplants .  The annual  o p e r a t i o n ,  
maintenance,  and rep lacement  c o s t  i s  e s t i m a t e d  a t  $2,150,000.  Approx- 
i m a t e l  y  2 ,400,000,000 k i l o w a t t - h o u r s  would be g e n e r a t e d  i n  t h e  f o u r  
powerplants .  The ne t  c o s t  of pumping between Wheeler Ridge Pumping 
P l a n t  and Lake Havasu i s  e s t i m a t e d  a t  $9,850,000.  

For conveying t h e  1 ,200,000 a c r e -  f  e e t  of a d d i t i o n a l  w a t e r ,  t h e  
c a p i t a l  c o s t  from t h e  D e l t a  t o  Lake Havasu i s  e s t i m a t e d  t o  t o t a l  
$420,000,000.  O p e r a t i o n ,  ma in tenance ,  and rep lacement  c o s t s  a r e  
e s t i m a t e d  a t  $4 ,075 ,000 ,  and annual  c o s t s  of pumping a t  $16,950,000.  

The e s t i m a t e d  t o t a l  c a p i t a l  c o s t  f o r  t h i s  p r o s p e c t i v e  p l a n ,  
i n c l u d i n g  s t o r a g e  r e s e r v o i r  sys tems,  inc rementa l  conveyance through 
t h e  Eas t  S i d e  D i v i s i o n ,  and t h e n c e  th rough  a  p o r t i o n  of t h e  C a l i f o r n i a  
Aqueduct, and a  new c o n d u i t  t o  Lake Havasu i s  $1 ,020 ,000 ,000 .  The 
n e t  annual o p e r a t i o n ,  ma in tenance ,  r ep lacement ,  and pumping c o s t s  
a r e  e s t i m a t e d  t o  be $24,000,000.  T h i s  p l a n  would r e q u i r e  c o n c u r r e n t  
a u t h o r i z a t i o n  of t h e  r e q u i r e d  i n c r e m e n t a l  conveyance c a p a c i t y  and t h e  
E a s t  S i d e  D i v i s i o n ,  C e n t r a l  V a l l e y  P r o j e c t .  The s t o r a g e  sys tems u s e d  
i n  t h i s  p l a n ,  a l o n g  w i t h  t h e  o t h e r  f a c i l i t i e s ,  a r e  i n c l u d e d  f o r  
a n a l y s i s  purposes .  An a l t e r n a t i v e  s t o r a g e  development,  more d e s i r a b l e  
f o r  meet ing t h e  r e q u i r e m e n t s  of o t h e r  a r e a s  a s  w e l l ,  may be  developed 
i n  t h e  f u t u r e .  
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D e s a l t i n g  A l t e r n a t i v e  P l a n  

To supply  1 ,200 ,000  a c r e - f  e e t  a n n u a l l y  f o r  t h e  p r o j e c t e d  
municipal  and i n d u s t r i a l  wa te r  demands i n  C e n t r a l  Ar izona ,  a  
d e s a l t i n g  p l a n t  complex would be  c r e a t e d  i n  t h e  Yuma a r e a  drawing 
upon t h e  Gulf of C a l i f o r n i a  f o r  i t s  b a s i c  s e a - w a t e r  supp ly .  
Coopera t ion  w i t h  Mexico would be  e s s e n t i a l  t o  t h i s  a l t e r n a t i v e .  

The complex b u i l t  by s t a g e s  w i t h  u l t i m a t e  annual  d e l  i v e r i e s  
of 1 ,200 ,000  a c r e - f e e t  would c o s t  about  $900,000,000 f o r  d e s a l t i n g  
p l a n t s  and c o n n e c t i n g  ocean i n t a k e  and r e t u r n  c h a n n e l s  b u t  exc lu -  
s i v e  of a s s o c i a t e d  t h e r m o - e l e c t r i c  g e n e r a t i n g  p l a n t s .  D e s a l t e d  
water  made a v a i l a b l e  a t  I m p e r i a l  Dam would be exchanged,  t o  t h e  
u s e r s  d i v e r t i n g  th rough  t h e  I m p e r i a l  Dam head works,  f o r  Colorado 
River w a t e r s  a t  Lake Havasu. From Lake Havasu a n  aqueduct  system 
p a r a l l e l  t o  t h e  G r a n i t e  Reef Aqueduct would be  c o n s t r u c t e d  t o  
c e n t r a l  Arizona.  T h i s  p a r a l l e l  aqueduct  system would c o s t  about  
$353,000,000.  T h i s  same c a p a c i t y  i f  b u i l t  i n i t i a l l y  i n t o  t h e  
G r a n i t e  Reef Aqueduct would add about  $190,000,000 t o  t h e  Phase  I 
c o n s t r u c t i o n  f o r  a n  o v e r a l l  s a v i n g .  

An a l t e r n a t i v e  aqueduct  f rom Imper ia l  Dam t o  t h e  Phoenix  and 
Tucson m e t r o p o l i t a n  a r e a s  would c o s t  about $400,000,000 t o  t a k e  
t h e  h i g h  q u a l i t y  wa te r  d i r e c t l y  t o  t h e  municipal  and i n d u s t r i a l  u s e  
a r e a .  

The e s t i m a t e d  annual  o p e r a t i n g  c o s t s  f o r  t h i s  a l t e r n a t i v e  supply  
would be $78,400,000 f o r  t h e  d e s a l t i n g  p l a n t s  and $9,630,000 f o r  t h e  
p a r a l l e l  aqueduct  system. The t y p e  of d e s a l t i n g  p l a n t s  c o n s i d e r e d  
i n  t h i s  a l t e r n a t i v e  a r e  summarized below and f u r t h e r  d e s c r i b e d  i n  t h e  
Appendix of t h e  O f f i c e  of S a l i n e  Water. 

The f l a s h - t y p e  d i s t i l l a t i o n  p r o c e s s  h a s  been most e x t e n s i v e l y  
s t u d i e d ,  w i t h  d e s i g n  c o n c e p t s  f o r  v e r y  l a r g e  p l a n t s - - u p  t o  150 n i l -  
l i o n  g a l l o n s  pe r  day. The c u r r e n t  s t a t e  of development l i m i t s  t h e  
s i z e  of p l a n t s  u t i l i z i n g  o t h e r  p r o c e s s e s  t o  abou t  5 - 1 0 - m i l l i o n -  
g a l l o n -  pe r -day  s i z e .  These p r o c e s s e s  may be e f f e c t i v e l y  u t i l i z e d  
t o  supply  h i g h  q u a l i t y  wa te r  t o  meet munic ipal  demands of s m a l l e r  
c i t i e s  t h a t  cannot  be economica l ly  se rved  by conveyance f a c i l i t i e s .  
R e s u l t s  show t h a t  t h e  f l a s h  d i s t i l l a t i o n  p rocess  maximizes t h e  u s e  
of equipment i t e m s  t h a t  have been p r e v i o u s l y  developed i n  l a r g e  
s i z e s  f o r  o t h e r  purposes ,  and can  a1 s o  be r e a d i l y  adap ted  t o  u s e  
steam from a  t o p p i n g  t u r b i n e ,  r e s u l t i n g  i n  a cheaper  source  of 
steam. 

A combinat ion s t e a m - e l e c t r i c  and water  p l a n t  u s i n g  t h e  f l a s h  
d i s t i l l a t i o n  p r o c e s s  h a s  been i n v e s t i g a t e d  u s i n g  bo th  c o a l  and g a s  
a s  a  f u e l  source .  Based on p r e s e n t  t echno logy  a  u n i t  of 1 5 0 - m i l l i o n -  
g a l l o n - p e r - d a y  f r e s h  wa te r  c a p a c i t y ,  c o n s t r u c t e d  i n  combinat ion w i t h  



a  417 megawatt thermal  e l e c t r i c  g e n e r a t i n g  s t a t i o n ,  i s  c o n s i d e r e d  t h e  
most economic i n s t a l l a t i o n .  The c a p i t a l  c o s t  of t h e  w a t e r  u n i t  i s  
e s t i m a t e d  t o  be $86,000,000.  The powerplant  c o s t s  which may be  pro- 
v i d e d  by p r i v a t e  power companies a r e  $53,500,000 f o r  a  g a s - f i r e d  u n i t  
and $65,000,000 f o r  a c o a l - f i r e d  u n i t .  For  t h e  purpose  of a n a l y s i s ,  
t h e  u n i t  c o s t  of w a t e r  was determined f o r  p l a n t s  l o c a t e d  on t h e  
C a l i f o r n i a  c o a s t .  The g a s - f  i r e d  p l a n t  produced w a t e r  a t  a  p l a n t s i d e  
c o s t  of about  $105 per  a c r e - f o o t ,  and t h e  c o a l - f i r e d  p l a n t  produced 
water  a t  a  p l a n t s i d e  c o s t  of abou t  $90 per  a c r e - £  o o t .  

The e x p e r i e n c e  ga ined  by c o n s t r u c t i n g  and o p e r a t i n g  i n t e r m e d i a t e  
s i z e  p l a n t s  should  s e r v e  t o  d e c r e a s e  t h e s e  u n i t  c o s t  v a l u e s .  Techno- 
l o g i c a l  advances  a s  a  r e s u l t  of t h e  b a s i c  and a p p l i e d  r e s e a r c h  pro- 
grams of t h e  Off i c e  of S a l i n e  Water a r e  a l s o  p r e d i c t e d  t o  f u r t h e r  
d e c r e a s e  t h e s e  c o s t s .  



Payout A n a l y s i s  

The f o l l o w i n g  t a b u l a t i o n  p r e s e n t s  a c o n s o l i d a t e d  summary of  
t h e  payout a n a l y s e s  used i n  d e t e r m i n i n g  t h e  f i n a n c i a l  f e a s i b i l i t y  
o f  t h e  p lan .  The t a b u l a t i o n  i n d i c a t e s  t h e  subs idy  a s s i s t a n c e  
r e q u i r e d  f o r  i r r i g a t i o n  and m u n i c i p a l  and i n d u s t r i a l  water. The 
a c c u m u l a t i v e  development,  as shown, r e f l e c t s  t h e  n e t  revenue by 
t h e  y e a r  2044 a f t e r  i r r i g a t i o n  and m u n i c i p a l  and i n d u s t r i a l  
a s s i s t a n c e  h a s  been p rov ided .  

The t a b u l a t i o n s  r e f l e c t  b u i l d u p  i n  revenfie due  t o  i n c r e a s e d  
d e l i v e r i e s  of  i r r i g a t i o n  and m u n i c i p a l  and i n d u s t r i a l  w a t e r .  The 
payout  e x t e n d s  from 1967 th rough  2044, a p e r i o d  o f  78 y e a r s .  T h i s  
p e r i o d  r e f l e c t s  a  f u l l  50-year  p e r i o d  a f t e r  t h e  l a s t  f a c i l i t y  h a s  
been placed i n  s e r v i c e .  Under t h i s  method o f  payout a n a l y s i s ,  
a f a c i l i t y  c o n t i n u e s  t o  c o n t r i b u t e  r evenue  t o  t h e  development fund 
a f t e r  c o s t s  a l l o c a t e d  t o  t h e  f a c i l i t y  have been r e p a i d .  



Consolidated Payout Study--Pacific Southwest Water Plan ( I n  thousands of do l l a r s )  

MUNICPA' & INDUSTRIAL WATER 
Net P l an t  Balance Allowable 

- 
RECAPITULATION DEVELOPMENT FUND - 

Power M&I I r r i g a t i o n  Total  

- 
- 

-- 

- 
- 

A l l  i r r i g a t i o n  water s o l d  @10.00/a.f. except Dixie P ro jec t  
i r r i g a t i o n  water which conforms with tne  Dixie r epor t .  There 
were no investment c o s t s  o r  revenues included f o r  Coachella 
a?d All-Anerican canal l i n i n g .  

lJ Hoover cower @+ m i l l s ;  Sr idge 9; Marble @6 a i l i s ;  
Parker-Davis a . 7  mills. 

-- 

POWER 
Net P l an t  Balance 

- 

2 ?&I -water r a t e s :  Centra l  Arizona P ro jec t  $4 O O / ~  f . C A P Increment w ?avas ' Aaueduct $65.oo/a. ?. P ; l d  Desal in izat ion P I h t  &-'60 4. E .  1 So. Nevada &'.OOY 
a-f .  a s  p e r  r eoo r t ;  a l ~ f o r n i a  Aqueduct Increment d . 0 6  a . f .  ; Tr ibu ta ry  P ro jec t s  
$45.00 a . f . ;  ~ l x i e  a s  p e r  r epo r t .  

IRRIGATION 
Net P l an t  Balance Allowable 

I n  t o  be  Assistance Unpaid Earned %z:% Service  Repaid Requirelrent Balance Surplus 
Study F i sca l  I n t e r e s t  I n  t o  be  Earned 
Year year  2 %  @ 3$ Service  Repaid S u r p l u s  

I n t e r e s t  I n  t o  5, Aqsistance Unpaid Earned 
Service Repaid Requirement Balance Surplus 

2044 45,662 
i 
, ,6r 

TOTAL 3,139,606 326,673 2,184,575 
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A PROQiAM I1( 'I'KE PACIFIC SOVllIWEST 

For purposes of this program statement, the ?acific Southwest 
comgrises the lower basin of the Colorado River (below Lee Perry, 
Arizona) and i t 8  water-service area to the west. Included are part8 
of five States -- Arizona, California, Nevada, Hew Mexico and Utah. 
Certain international complications involve parts of the adJoining 
Mexican States of Sonora and Baja California. 

Having a very mild winter climate, the ?acific Southwest is 
attrawtive both to intensive agriculture and to light industry of 
diverse kinds. Its current rate of population increase is the 
nation's greatest. A t  the same time it is a water-short region in 
whichcompetitionfor local water sources, including the Colorado 
River, is relatively more severe than in any other part of the a n -  
land Uhited States. 

Manis successfWL use of an environment of such extremes calle 
fop keen w i t s  and full knowledge of both the opportunities and the 
limitations of that environment. Developing such knowledge is a 
basic responsibility of the Geological Survey -- knowledge of the 
availability and magnitude of the water resource, and of principles 
for its conservation and management; also, of the occurrence and 
potential productivity of mineral and fuel resources, which are actual 
or prospective industrial c o d t i e s ,  locally or nationally. Related 
reqmnsibilities include production of topographic maps -- universal 
tools in appraising natural resources and planning their development 
or management; also, classification of Federal mine- lands to foster 
their effective conservation. These several responsibilities are 
inseparably and deeply interwoven in the Pacific Southwest. 



!PEE WATIER-SUPPLY SITUIlTIOlsl BRIEF 

With f a c i l i t i e s  i n  existence and under c o n s t ~ c t i o n ,  regulation 
of the main-stem Colorado River in the Pacific Southwest soon will be 
close t o  the  optimum. To the w e s t ,  in southern California, streams 
have slPalP perennial flows o r  are intermittent; they have been developed 
about to  the maximum. Ground-water bodies are  drafted heavily i n  the 
areas of greatest population density; locally, especially 3.n central 
Arizona, they are being overdrawn currently. 

I n  the aggregate, use of water within the region now approacheta 
the perennial capacity of local  sources. With increasing population, 
total rewrement  of water w i l l  surpass t h a t  perennial loca l  capacity. 
Further, domestic and industrial  uses take a steadily increasing 
percentage of tow water supply. Agricultural use, principally f o r  
irrigation, doubtless w i l l  continue t o  diminish a s  a percentage of the 
total ;  it may diminish as  a volume. Thus, the pattern of water require- 
ments within the region i s  not stable as  t o  ei ther  place of use o r  
seasonal distribution of use. 

W e r  the recent decision of the Supreme Court of t h e  United 
States, i n  Arizona v, California, more main-stem water of the Colorado 
River prospectively w i l l  be used i n  central Arizona and l e s s  w i l l  be 
used i n  southern California. This geographic s h i f t  in use aggravates 
the unstable use pattern just noted. Eventually, this prospective 
s h i f t  of Colorado River water to Arizona w i l l  be compensated under 
the California Water Plan, which w i l l  convey surplus water of the north 
to the water-deficient south, within the State. However, such compenm- 
tion cannot be accomplished quickly, 

Fbr i t 8  economic ' integrity,  the region must wring maximum 
productivity from all  local  water sources. A comprehensive region-wide 
plan to t h a t  end i s  essential .  Alternative sources--such a s  desalted 
ocean water i n  the coastal area or  imports from remote streams-would 
be substantially more costly and would not be just i f ied wbolly by the 
truism tha t  the day of low-cost water i s  gone. 

Beyond optimum regulation of the Colorado River main stem, which 
is imminent, ,all sources of water within the region, surface and under- 
ground, must be managed Jointly f o r  optimum perennial yield. The cost 
of developing water supplies undoubtedly will r i s e  and will force Igore 
intensive use and re-use of water. Probably mst c r i t i c a l ,  means must 
be devised fo r  effective management and disposal of wastes--municipal, 
industrial, and agricultural--so tha t  current and prospective depre- 
ciation of water quaZity can be held t o  the pract ical  minimum. The need 
for resolving these and related matters i n  the Pacific Southweat i s  
urgent. Equal urgency i n  other regions of the nation may wel l  be at 
leas t  a generation i n  the  future. 



Tbvard the end of mximum productivity of water, information at 
hand suffices for planning some early measures. F'ar =re @xacting, 
however, will be the requirements for data and iaformation on which 
to base contirming project operation and over-all management of the 
water resource under conditions of full development, including sound 
administrative decision and compromise among mutually exclusive uses 
of rater. For such decision and compromise the region is ill prepared. 

The Geological W v e y  has done, and is doing, much toyard 
acquiring such knowledge. Scope of this past and present accomplish- 
ment will be summarized. Yecessary in regard to the lover Colorado 
region, however, is much mre intensive and particularized investiga- 
tion, much of it pioneer in character. This particularized effort 
will be outlined in a following list of program obJectives. 

Past and Current Programs 

Records of streamflow in the lower Colorado River basin and 
service areas began with the measurement of the Colorado River at Y~818 
in 1902. Now, records are maintained on all principal streams and 
many of the minor stream, mainly in cooperation with the States of 
Arizona tind California. In Arizona alone some 150 stations were active 
during 1963. These records, spanning some 4,500 station-yeas, form 
the hydmlogic basis for development and operation of river-management 
projects. 

An8lyses of river-wakes quality are plade at regular intervals at 
about 40 stations in the region, Thousands of analyses have been made 
during the past 20 years to define the chemical quality of gmund 
waters. As wells are drilled in areas under study, additional samples 
are analyzed. 6n critical areas wells are re-sampled at intervals to 
define quality c hanges. 

Ground water has been studied in numerous areas, especially those 
where substaatial ground-water deveaapment has taken place. (see fig,  1). 
In Arizona, studies have been made in the Gila River and Salt River 
valleye near Phoenix, the Navajo and Papago Indian reservations, and 
the lower Santa Cruz River and Safford Valley areas. In southern 
California, studies are in progress in the Imperial Valley and in the 
Joshua Tree aational Wnument. 



!The current program of investigations is summarized by figure 
2 and a following table; the active areal projects are identified in 
a following list. 

Water-resource investigations in the Pacific Southwest 
by the Geological Survey, fiscal 1963 

(~housands of dollars ) 

I Source of funds 

Activity 
I ,Other Cooperating 
Federal State 
'Agencies Agencies 11 

I 

Streamf'law records 1l.l 478 75 
Chdcal-quality records 15 35 9 
SeWnent  records I 24 2 12 
Ground-water appraisals I 190 351 8 
Hydrologic regimen, lower / 

Colorado River basin I O 0 336 
Arid-zone research I 0 0 412 

Totals 

I/ Wltching funds f r m  OeologicaJ Survey included. 



Active areal projects shown on figure 2 

AA . 
BB. 
CC. 
m. 
EE. 
PP. 
w. 
m. 
11. 

Ground-water appraisal, Point Mugu area. 
Ground-water appraisal, Indian Wells Valley. 
Grotmd-water appraisal, Edlwards Air Fbrce Base. 
Seepage ra tes  in southern California stream channels. 
Natural water loss  i n  southern California. 
Hydrologic data and geologic mapping, MoJave V m e y  ares. 
Ground-water appraisal, Twentynine 1DdLms Marine Corps Base. 
Geologic and hydrologic reconnaissance, Joshua Tree Rational 

Monument. 
Hydrologic regimen of bwer Colorado River basin. 
Ground-waher conditions-in Sarcobatus Flat,  me County. 
Regional hydmlogy of the Nevada Test S i t e  and adjacent careas. 
Ground-water conditions i n  1 a Valley, Clark and Ifye Countlee. 
E$drology of the Las Vegas gmund-water basin. 
Qeology and ground-water resources of the Ute Mountain Indian 

Resenration. 
Geology and ground-water resources, Big Sand Valley. 
Change i n  water yield by remval  of riparian vegetation, ( l o t t o r n d l  

Wash. 
Feasibi l i ty  ~f developing ground-water supplies, city of Flagst&'%. 
Ground-water resources and geology, Verde Valley area, 
Ground-water study, Agua R i a  River Valley. 
Water supply fo r  Luke Air Force Base. 
Study of deep aquifers, Sa l t  River Valley, 
Potential water yield of Sycamore Creek basin. 
Subsurface geohydrologic studies, northwestern Pinal County. 
Availability of ground water, Papago Indian Reservation. 
Geology and hydrology, Tucson basin. 
Geology and water resources, Fbrt Huachuca. 

Geohydmlogy and u t i l iza t ion  of water, Willcox basin. 
Electr ical  analog analysis, San Simon basin. 
Arid lands study, Srtfford Valley. 
J?ydrslsgic effect of vegetation remval  on s-1 watershed. 
Geology and ground-water resources, Navajo and Hopi Indian Reservations, 
Ground-water resources, Apache County. 
Geology'and ground-water resources in t h e  Gallup area, McKinley Oounty, 
Ground-water occurrences and geology of southeastern McKinley County, 
!The petrology and chemistry of t h e  San Andres Limestone and thCir 

relation to t h e  qua l i ty  or water i n  the Acoma-Laguna area, 
Valencia County. 

Geology and ground-rater conditions i n  Grant County. 



Special emphasis i s  placed on two of the current-program items: 
the bydrologlc regimen of the lower Colorado River basin and the aria- 
zone research. lhese two include investigations of the intensive, 
particularized -type needed as  the basis for  Arture wa te r -m~fement  
dscisions . 

Work on the regimen of the lower Colorado River basin (fig.  2, 
area I) began i n  1960; it i s  scheduled t o  continue a t  l e a s t  t h r o w  
1965. Included are the drainage area of the main-stem r iver  belaw 
Dsvie Dam and the Imperial Valley (salton sea); excluded are the 
tr ibutary valleys of the B i l l  Wi l l i ams  and Gila rivers.  Particular 
attention i s  being paid t o  (1) the balance among precip%tation, 
evaporation Bsld cons'lmrptive use, and runoff; (2)  storage, movement, 
and chemical character of ground water, including international aspects; 
(3) extent and properties of the ground-water aquifers, and the i r  
relat ion t o  the river;  and (4) water budget of the Salton Sea, including 
accurate measurements of inflow and independent measurements of evapora- 
tion. Ihe consumptive-use studies include evapotranspirmeter tanks 
near Yuma, Artzona, operated i n  cooperation with the Bureau of Reclams- 
Lion. Reports on certain early phases of the work are  i n  preparation. 
A general purpose of the work i s  t o  define al ternat ive water-managumcnt 
steps tha t  are possible and t o  appraise the potential  e f fec ts  of each 
such step. 

Ihe arid-zone research concerns (1) water conswmption by 
phreatophytes, chiefly saltcedar, a s  measured i n  evapotranspirmeter 
t a d 8  a t  Buckeye, Arizona ( in  collaboration between the Geological 
Survey and the Bureau of ~eclamation),  (2) potential  f o r  water salvage 
by eradicating riparian vegetation i n  the Gila River valley above 
San Carlos Reservoir; (3) hydrologic effects  of replacing juniper an8 
pinym pine with grasses i n  the m r r i z o  and Corduroy Creels basins near 
Showlow, Arizona; (4) soil-moisture chemistry and energy relationships 
In  an area of riparian vegetation; (5 )  theory and measurement of 
evapotranspiration; (6) mass transfer  of moisture i n  the atmo~phere, 
mnessured by airborne equipment; and (7) thunderstorm patterns and rain- 
f a l l  i n  relat ion t o  -off on the a r i d  plains of southern Arizona, i n  
part measured by radar. Digital-punch recording equipment and an 
unique electric-analog crmrputer a re  used as  appropriate. 



Outlined below are principal categories of additional irnvestiga- 
tians proposed by the Geological Swrmy t o  foster  and austaia full 
development of water resources i n  the Pacific Southwest. Costs, abwe 
tbose of tlhe current program that has been sanrmRriza8, would be about 
$l,000,OOW in the first year trnd about $2,000,000 yearly from the 
second thrm the f i f t h  year. After f ive yeare, scope and cost 
would be reconsidered a c c o r m  to experience. 

Work for  aPrly Cc~npletion 

The m a t  prodect on hydrologic regimen of the B a r e s  C o l o W ~  
ItLver basin and those constituting the program of arid-zone? research 
would be eamgleted as  now scheduled, Two additional progects wotihdl 
ut i l i ze  the WdroPogIc informatian now available, both published and 
in the f i l e s  aP f i e ld  offices; these two an?: 

Regional water-resource appraZsa1.-- An up-to-&ate apprafsal of 
water resources i n  the region would identify ugccemnitted stream suppliers 
and wdevelolped ground-water storage. Lfmited new reconnaiesance data 
would be collected as necessary. A two-year proJect; t o m  cost, 
abaut $200,000. 

Stat is t ica l  analysis of streamf'lm records.-- ahe ult imate 
regulation andmanagement of the region's streasls w i l l  be based on the 
observed frequency of hy&ologic events of various magnitudes. Ta 
that  end, apprupriste region-wide s ta t i s t i ca l  analyses of streamflow 
records are proposed t o  be made over an U i t i a l  period of two years, 
and t o  be updated, a t  ten-year intervals thereafter. Machine computation 
techniques would be used. Cost of two-year project, about $145,OQO. 

Ground-water Sources 

Potential-yield appraisals.-- For certain ground-water basins in 
the regian, which have been develcrped extensively and aver many years, 
general dimensions and characteristics have been detemnined. C a a n m w ,  
however, information i s  lacking on amounts of water that  could be w i t h -  
drawn perennially, and on volumes i n  storage that  might be withdrawn 
( "mined" ) within econmic l i f t s  . Reasonably dependable values of ei ther  
perennial or "one-time" yields of all such sources will becgne in- 
creasingly necessary. It i s  proposed that  appraisals of potential 
ground-water yields be accelers'bed several fold within f ive years, held 
a t  that  high level w e r  a second five-year period and then diminished 
progressively as proves t o  be appropriate. Estimated cost, f i r s t  year 
$100,000, second t o  f i f t h  year $250,Oo per year. 



Reconacaisaance appmi.sala.-- Reconnaissance apprafsa3.s are 
proposed for those grouna-water basins that  have not been developed or - 

Investigated, t o  errtimate or detemnine extent afld properties of the 
aquifers and ch&cal qual ie  of the water, t o  define sources of 
recharge, and t o  estimate storage eapabilitg° and yield. Some su& 
baaiarr doubtlese cmtain  water of good quality and appreciable qatantiw. 
Other 'basim known to ,  or may, contain brackish water that  would 
be unusable Wesa  diluted. To W e  f u l l  advantage of new bmlcrg- 
lmelsts in the technology of desalinaticm, the brackish-water b&es 
would be delineate8 so far as  i s  feasible. 9he recannaiasmce 
appraisals must be based on extensive knowledge of the areal  geology; 
readily available hydrologic i n f o ~ t i o n  would be gathered also. 
They are proposed t o  be 1a;rgely completed wPthin ten years. Esti- 
mated cost, firs% year $L00,000, second t o  f i f t h  year $2$0,008 per 
year. 

Managed storage.-- In certain pound-water r e s e m I r 8 ,  storage 
space can be evacuated by withdrawing water seassnally or during a 
successf on of drought ye-, and then ref i l led  f ram surplus stmamfllow 
either naturally or ar t i f ic ia l ly .  Under favorable cireermstaplces, k t  
should be practical t o  manage undergrotnnd storage so that perennial 
water yield would be increased. Oversimpltfied, th i s  i s  a lpsincipa4. 
method by which surface- and ground-water sources may be managed Jointly. 
Determining potentials for  such management would be an integral part 
of the potential-yield a d  reconnaissance appraisals described a b m .  

Major appon*tpZgPties fo r  managed underground stwage appear -&o 
e%is tbeneaa  the valley plain along t h e  =in stem of %he Colorado 
Rbver. In partictiler, a terminal-storage fac i l i ty  of thEs kind in  
the vicinity of Yuma, wtth manageable storage capacity of 500,000 
t o  1,000,000 acre-feet, m a y  prwe feasible and practical,  Appmifsal 
of the physical afld hlydrologic features relate3 t o  t h i s  potential Ps 
one objective of the, Lower Colorado River investigation currently under 
w - 

Gaging-station network.-- Ovep most of the Pacific Sau-khmst, 
the network of primary gaging stations on principal streams i s  maeonerbv 
adequate. Ultimately, h m v e r ,  a moderate number of r o v i q ,  secondary 
stations wQ2. be useful. to: (I) dLscriminate ucmmmitted supplies -that 
may prove t o  be develupable in  the Lit t le  Colorado and B i l l  Williams 
river basins and elsewhere a t  scattered places; and (2) tletemine 
xusgnitude and frequency of ephemeral discharge into numerous desert 
basins, discharge which i s  a principal source sf pound-water recharge. 
It i s  proposed that,  in each year af an i n i t i a l  five-year period, $0 
secondary stations be established; also tbat each year thereafter, 50 
such stations be relocated t o  new si tes.  Cost, f i r s t  yeas $50,~00, 
secand t o  f i f t h  year $l4O,CKM per year, 



Water-quality and Waste Management 

I m n t o f i e s  of 8alt loads .-- Bere  ase propose&: (1) 
initial five-yew period, a reconnaissance estimate of the ~~~ 
salt loads carried by streams of the region and of the  chsnges i n  Iad 
(usu%Uy increases) caused currently by irr igst ian,  by indwtrfes,  a9d 
by xmxnicipalities; (2) thereafter, by successive s u b - ~ ~ s s r  d e m l g -  
ment areas, recurrent specific determinations of the man-cawed ePnaqpar 
in the  salt loads of streams. %is would entai l  about 10 l p r ~  
chemical-quality stations and perhaps 50 roving stfltions maintained 
f o r  five-year intervals a% each particular s i te .  Coet, f i r s t  year 
$90,000, second to f i f t h  year $ 2 5 0 , ~  per year. 

Means for  water-quality management.-- A most crucial g m l  of' 
water management in  the region should be t o  seek out all possible mans-- 
chemical or physical-- t o  counter the depreciation i n  water qwlit;ll. 
%hat results inevitably fran water use. Sought here would be a means 
gar t icukly  adaptable t o  depreciated waters which, i f  improvedl bu* 
moderately i n  quality, could be reused wkthout restriction. For emmpPhp 
means for  precipitating sane part  of the dissolved solids, or for  
segregating a relatively large f r a c t i ~ n  of the waste products fn a 
relatively ,mall fraction of the water that  then could be disposed of 
separately. 'Ibis would involve intensive research in to  fw&tmen-kl 
water chemistry, including neutron activrztion of contaminated waters 
and of base-exchange materials. Difficulties admittedly are serious 
but the stakes me great and a practical method woula be applicable 
d v e r s a l l y ,  From five t o  ten years of intensive effort; is  conkmphledl. 
Cost, excluding possible tests a t  pilot-plant scale, f i r s t  year 
$25,000, second t o  f i f t h  year possibly t o  as  much as $150,CUQ per year. 

Water Salvage 

Scone of the hottest and most ar id  areas in  the W t e d  Sta tes  
Pie within the Pacific Southwest. Ihe growing ecason is  nearly contin- 
uous and the s a - t r o p i c a l  climate i s  favorable t o  luxuriant grQwt;t). 
where water i s  available. Evaporation and tranmiraticm rates are 
extreme and, w e r  the region as  a whole, probably dissipate a t  least 
9 percent of the sparse precipitation. Under present technology 
th i s  dissipation of water cannot be diminished ecmcenicw.  If an 
econonnic means can be found by izk ensive study, however, the amount 
of usable water locally migbt be increased several fol8. 



Non-benef i c i a l  consumptive use. -- Salvage of water throuQP 
eradication of phreatophytes and other riparian vegetation i s  believed 
t o  be practicable and econanical i n  certain parts of the region. 
However, few reliable data are available rn the amounts of water 
consumed by various plant species over the range of environments 
found in the region. In consequence, the potential fo r  salvage of 
water by diminishing the cansmptive use can be estimated anly 
crudely. It i s  proposed, therefore, that (1) the present program 
of tank ewerben ts  a t  Buckeye and a t  Yuma be extended t o  bther 
plant species and to  environments typical of other parts of the region, 
that (2) suitable local i t ies  be saught for testing the eradication 
of vegetation by luwering the ground-water level, and that  (3) the 
frequency of channel werfluw be ascertained in relation t o  the 
extent and permanence 09 riparian vegetation. Cost, f i r s t  year about 
$225,000, next four years about $275,000 yearly. 

Channel losses.-- Evaporation losses from the wet channels of 
ephemeral streams follaring flood flows are known t o  be great. !Chis 
is  attested by the observed decrease i n  unit runoff as  drainage erea 
increases. The practicability of increasing recharge t o  ground water 
by ephemeral streams depends t o  a great extent upon the hydrologic 
regimen of the stream channel8 under various environmental ccmditiona. 
It i s  proposed t o  measure the evaporation losses, ground-water recharge, 
and stresmflar of typical ephemeral channels t o  the possible end of 
increasing the available water supply by manipulating the channels. 
stimsted cost, f i r s t  year about $100,000, next four years about 

yearly 0 

General Hydrologic Research 

General research i n  hydrologic processes, i n  techniques of 
investigations, and i n  fundamental interrelationships between water an8 
its environment are proposed t o  support development and maPagement 
practices. Present knowledge and experience are deficient i n  several 
respects, especially a s  the limit of the available water supply i e  
approached. An lmprwed understanding of the factors governing the 
movement of gr~tmd water, with the conplicaticas of varying permeability 
and hydrostatic pressures is  needed for  effective management of ground- 
water storage. Evaporation fm the land surface involves the flaw of 
moisture through unsaturated soil ,  about which l i t t l e  i s  known. A 
better undgrstanding of the factors influencing infi l t rat ion,  also a 
problem in  f l o w  of water through unsaturated media, n q  lead to means 
f o r  increasing recharge. Hydraulic dharactcriatics of al luvial  cheumele 
must be explored in considerable deta i l  i f  effective measures fo r  
channel stabilization are t o  be developed. 



Otber examples d d  include the influence of' land-use practices 
and of vegetation modification on the hydrologic reginen; %he drought 
tolerance of various species of phreatophy-tes; the relat ion between 
depth of m t e r  table and cmstanptive use by vegetation; eurd the processes 
involved in natural ground-water recharge from ephemeral stream chsnnele. 

Costs are estimated t o  be $150,000 the first yeax and $380,000 
a year over the next four years. 

acll Arizona, the Sltate wbich would c m b i n  the most extensive 
l~anagemepft works conteqbated under the Pacific Southwst Water Plan, 
U e  Geological, Survey proposes t o  accelerate its classif icat ion of 
Federal mineral lands. Classification mxtldl e o n s a m  useful mineral 
deposits under confimed withdrawals and would release barren lands. 
"ihus, weas  of possible conflict  between managemant programs f o r  
water and fo r  minerals would be minimized. 

Bmolved in Arizona are about 3,480,060 acms prospectively 
valuable f o r  scdim a d  140,000 acres for coal. These larids can be 
mapped &it cBss i f i sd  a s  t o  t h e i r  mineral potential  f o r  about 
$2,500,8Q0; a PO-yea9 program a t  a tfnPform yearly rate of $250, CQO 
should p r w l l b  needed inf'ormatfon in pace w%%h orderly development 
of a w  mineral, mineral-fuel, and mineral-ferti l izer r e s m e s s .  

m e  following proposal f o r  topographic mapping i s  paced t o  
f a c i l i t a t e  general studies involved i n  the Pacific Southwest Water 
Plan. It yould supply Federal agencies and the general public w i t h  
advance 
control 

snap materials  including aerial phologmpby and g e e t i c -  
lists, as well a s  w i t h  ptiblished maps. 



kpping Completed and Currently in  Progress 

Of the 180,000 square miles i n  the Pacific Southwest as  here 
def bed,  about ll3,500 square miles or 63 percent i s  covered by 
topographic maps of standard accuracy. (see f ig .  3). Most of these 
maps are published, but a few are available in  advance capy only. 
In addition, mapping i s  in early stages over about 7 percent of the 
area. 

lhis catrpleted mapping covers most of the areas of the Central 
Arizona Aqueduct, Charleston Dam and Reservoir, and Marble Caqyon 
Dam and Reservoir units understood t o  be proposed by the Bureau of 
Reclamation. With work in  progress, it also cwers parts  of the 
Granite Reef Aqueduct, Maxwell Dam and Reservoir, and Buttes Dam 
and Reservoir units. 

Short-range Schedule 

?here i s  proposed a short-range or six-year schedule of 
tupographic mapping t o  ccmplete work now in  progress and t o  make 
certain new starts in  1965-1967. Latest of the new atar ts  would 
produce advance copy by 1969 and published maps by 1970. m e  praposea 
schedule i s  based on the construction pr ior i t ies  understood t o  have 
been se t  by the Bureau of Reclaraation, also on Survey praposals fo r  
hydrologic and geologic investigatims. In to ta l ,  the six-year 
mapping schedule would cover about 14,500 square miles i n  s ix  project 
areas, a s  follows: 

Project Square 
Miles 

Year t o  
Start 

Reserve north 740 
Granite Reef Aqueduct and other 

1965 

a n t r a l  Arizona Project work 2,400 1965 
Hooker Dam and Reservoir un i t  1,450 1965 
Bridge Caqyon 1,950 1966-1967 
Kaiparuwits Plateau and Kanab 

coal f i e ld  950 1966-1967 
other mapping 7,000 1966-1967 

Comp+etion af the Bridge w o n  project tmder t h i s  schedule w i l l  
pmvlde topographic coverage, i n  ei ther  the 72- or  the 15-minute seriets, 
of all the reach of the Colomdo River f ram the Utah-Colorado baundarJr t o  
the United States-Mexico boundary. (see f i g ,  3). 



Cost of th i s  short-range schedule in the Pacific Southwest 
i s  estimated as about $3,000,000 t o  canplete maps i n  progress, plue 
about $4,000,000 for  the maps t o  be started through 1967. 

Long-range Schedule 

FoUuwing the six-year schedule just outlined, a long-range 
schedule will cover the larger unmapped blocks in the headwater parts 
of the L i t t l e  Colorado, Gila, and Salt river basins; i n  the areas 
immediately north and south of the Bridge Canyon -it; and in  the 
Muddy Creek and White River basins i n  Nevada. Ihe long-range 
schedule i n  the Pacific Southwest would extend through 1976; i t s  
coat i s  estimated t o  be about $9,000,000 i n  addition t o  that  of the 
short-range schedule. 

'Ihia long-range scheaule fo r  the Pacific Southwest conforms 
t o  an ear l ier  proposal by the Geological Survey for  an orderly 
expansion of mapping capability t o  complete once-over tapographic 
coverage of a l l  the nation by 1976, i n  either the 73- or the 15- 
minute aeries. During the ensuing five years, 1977-1981, the 
areas previously published only in the 15-minute series would be 
resurveyed as necessary for  covering the entire nation, except 
Alaska, in to  the 7&minute series. 

GEOLOGIC AND ~ ~ O U R C E  I15VESTIGATtONS 

Ihe ecmcPnic growth of the Pacific Southwest depends on , 

dqrelopment and vise use of not only water resources but also of 
mineral resources. Industrial development hinges i n  very large 
measure on the amount and uses made of minerals and fuels both i n  
and near the region. 

!two programs of geologic and mineral-resource investigations 
i n  the Pacific Southwest are outlined here: (1) a short-range program 
that i a  related immediately t o  development and management of the water 
resource, and that can be accoanplished within f ive years a t  an 
estimated to ta l  cost of $8,700,000; and (2) a long-range program tha t  
W d  caper all the region cclnprehensively within a 35-year tern 
a t  an estimated total  cost of about $108,000,000. 



Short-range Program 

Recomraissance studies.-- Although reconnaissance geologic maps 
are available fo r  all Arizona a t  the 1:375,000 scale, much of the 
information i s  out-dated and incaqle te .  Proposed f o r  immediate 
remapping a t  scale l:25O,OOO are the Williams, Prescott, Phoenix, and 
AJo 2-degree sheets (see f ig .  4). 

In California, the Mvision of Mines i s  preparing geologic maps 
a t  the 1:250,000 scale. In the part of the State here of concern, 
mapping i s  yet pending an the Needles, San Bernardino, Los Angeles, 
Sltlton Sea, Santa Am, and Long Beach 2-degree sheets. It i s  proposed 
that the Geological Survey accelerate these pafiicular maps by studying 
the amas not w e l l k n m .  Cost of these reconnaissance studies i s  
eetimated a t  $190,000 yearly wer the five-year period. 2hey would 
anticipate unusual diff icult ies thatmight be encountered in  constructing 1 

water-management works, and provide a necessary background for  general 
planning of more actailed studies. Further, geologic reconnaissance 
constittrtes the f i r s t  appraisal of the crust of the earth and the 
characteristics and resources that  will affect man's activities thereon. 

General-purpose mapping.-- Geologic mapping and related studies, 
a t  scales of 1:62,500 and 1:24,000, would provide immediate background 
information for  s i t e  planning of proposed water-development and 
engineering prodects and for  areas of urban develalpment. Ihe following 
are proposed: 

1. 'Ihirtiy 15-minute quadrangles that  include the general aline- 
ment of the Central Arizona Aqueduct. Among these, four quadranglee 
a t  and near Phoenix, also four a t  and near Tucson would serve 
multipurpose planning related both t o  the aqueduct and t o  urban 
expansion, water storage, and waste disposal. 

2. !0irQr-one 15-minute quadrangles that  include the s i t e s  of 
pruposed dams, reservoirs, and tunnels of the Marble Canyon- 
Kanab, Coconino, Bridge Canyon, Alamo, Sentinel, Buttes, and 
EilcDarell projects and the Salt River above Roosevelt Reservoir, 
a l l  i n  Arizona; the Mxie proJect i n  Utah, and the Las Vegas 
project i n  Nevada. Priority among these 31 quadrangles would 
be arranged with the Bureau of Reclamation. IVo background 
geologic studies of these are available. 

t 

3. Iri  urban areas, four 15-minute quadrangles near Phoenix and 
four near Tucson, as  noted already; also, near Lo8 Angeles, three 
7 ~ m i n u t e  quadrangles in  addition t o  those currently in progress. 

Estimated cost of t h i s  general-purpose mapping would increase f r a  
$335,000 in  the f i r s t  year t o  $1,105,000 in  the third,  fourth, and fifth 
yews. 



Appraisal of known mineral resources,-- In para l le l  with the 
general appraisal of water resources outlined on page 7, it I s  
proposed t o  assemble and summ~rize available informatian au geologic 
environmental features and mineral resources of the Pacific Southwest. 
lhis would be acccunplished i n  the first two years a t  a t o t a l  coat 
of $1go,000. 

Geophysical reconnaissance.-- Gravity, aeromagnetic, and 
a e i d c  surveys are proposed t o  afford a quick, first approxLmation 
of extent and bedrock configuration of the numerous sedimentary 
basins i n  the reeon.  Such geophysical reconnaissance of all the 
region would fac i l i t a t e  the ground-water appraisals outlined else- 
where. It can be ccanpleted within five years a t  an estimated cost 
of $2,100,000. 

Coal investigations.-- Eight main coal-bearing areas potentially 
can sqpply fue l  f o r  developing power i n  the F'acific Southwest. lhese 
are the Henry Mountains, Kolob, Kanab, and Kaipararits f i e lds  i n  
southern Utah; the Black Mesa f i e l d  i n  northeastern Arizona; and 
the Gtallug, and Zuni f i e lds  a s  well a s  the Elan Juan River r e g l a  i n  
northwestern New Mexico. (see f ig .  4) .  

Among these, the Kaiparowlts f i e l d  i s  one of the most extensive 
and l eas t  explored; present inforination i s  fragmentary. Mining i n  
t h i s  f i e l d  has became active recently. Here a very modest program 
of quadrangle geologic mapping has been star ted t o  delineate grade, 
extent, and thickness of coal beds a s  a basis f o r  estimating reserves 
and c l a s s i e i n g  the land. A t  the present pace, however, several 
decades would elapse before mapping and classification are complete. 
It i s  proposed that the present pace be quickened several fold, and 
that mpping of the f i f ty  ?$-minute quadrangles i n  the Kaiparowits 
f i e l d  be acccmplished within the f ive  years. Total cost i s  estimated 
a t  $1,175,000; from $120,000 i n  the first year t o  a maximum of 
$310,000 i n  the fourth year. 

A conparable appraisal i s  proposed t o  determine the coal 
reaaurces of the Black Mesa f ie ld ,  Arizona, and of the several f i e lds  
i n  northwestern New Mexico. Total cost of t h i s  work i s  estimated t o  
be $2,400,000. 



I he  long-range, 35-year program of geologic and mineral- 
resource investigatims proposed by the Geological Survey xauld go 
f a r  beyond immediate aspects of water-resource management. Its 
purpose would be knowledge sufficient fo r  intel l igent  management 
and use of' all. resources derivable from the earth's c a s t  uithin 
the Pacific Southwest. 

It would include three phases: (1) reconnaissance, chiefly 
by aerc~nagnetic and p v i t y  surveys, t o  discriminate and outline 
gross geologic features; (2) general-purpose geologic analysis and 
mapping, most ccmxuonly a t  scales of 1:62,500 or 1:24,000, chiefly 
t o  guide immediate search fo r  minerals and mineral fuels ,  and t o  
fac i l i t a te  s i t e  selection for  highways and other engineering works 
of diverse kinds; and (3) topical studies continually extending the 
frontiers of geologic knowledge t o  win new advantages fram the 
earth's crust. 

A substantial amount of geologic knowledge has been and i s  
being gathered i n  the Pacific Southwest (see f ig .  5). However, a t  
the current rate of about 25 man-years of professional effort  per 
day (by the Geologic Division of the Geological Survey), more than 
a century would elapse before all  the region would be covered 
adequately. Current knowledge i s  distributed most unequally, so 
that sane parts of the region ca l l  for  mch more future attention 
a a n  other parts, as i s  shown by the following table and by figures 
6 and 7. 



Proposed 35-year program of geologic investigations 
(In man-years of professimal effort) 

Sub-area artlined 
on figure 8 ' 

Reconn- General- Topical 
ai ssance purpose studies Total 

=pping 

California Coastal basins 
Owens Valley 
Mojave Desert 
Colorado Desert and southern 

Mojave Desert 
Southeastern Nevada 
Colorado Plateau 
Northwestern Arizona 
Central Arizona and adjacent 

New Mexico 
Southwestern Arizona 
Southeastern Arizona and adjacent 

New Mexico 

Pacific Southwest 306 2,680 1,720 4,706 

Assuming a current average of $23,000 per professional man-year 
(technical, administrative, and logistic surpport included), estimated 
cost of this ccs~prehensive 35-year p r o m  is about $108,000,000. 
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PUBLIC LANDS AND RELATED RESOURCES--LOWER COLORADO RIVER 
BASIN--BUREAU O F  LAND MANAGEMENT --JULY 1963 

PART I--GENERAL 

A. Authority 

The authority for  the public land management and development activit ies 

of the Bureau of  Land Management a r e  contained in  a s e r i e s  of laws: including 

the Taylor Grazing Act of  June 28, 1934 (48 Stat. l269) ,  a s  amended; the Soil: 

Conservation and Domestic Act of April  27, 1935 (49 Stat. 163), a s  amended by 

Reorganization Plan Number IV (54 Stat. 1234), effective June 30, 1940; and 

the Halogeton Glomeratus Control Act of July l4$ 1952 (66 Stat. 597). In addi- 

tion, the Bureau cooperates with the Soil Conservation Service of the Depart-  

ment  of Agriculture in carrying out the provisions of the Watershed Protection 

and Flood Prevention Act of August 4, 1954 (68 Stat, 666), insofar a s  i t  

per tains  to lands under the jurisdiction of the Bureau. 

B. Scope 

This report  i s  the Bureau of Land Management 's  portion of the appendix of 

the Pacific Southwest Water and Related Land Resources P lan  and covers  all 

aspec ts  of the Bureau ' s  work in the a r e a .  It i s  based on the limited and widely 

dispersed data presently available both within and out side the Bureau. P repa -  

ration of the repor t  has  sharply indicated the need fo r  more  detailed and bet ter  

integrated planning of the Bureau 's  var ious programs.  In a la rge  part ,  the 

limitations of the report  a r e  due to fai lure  to provide adequate staff and financing 

for  planning. Additional attention ts. and more  adequate financing of planning 

would have maae possible a more  detailed and comprehensive report .  



C. Lands involved 

The a r e a  considered in this report  i s  the Lower Colorado River basin; a s  

delineated by the Colorado River Compact signed a t  Santa Fe ,  New Mexico, on 

November 24, 1922, Roughly, it contains those portions of the States of Arizona, 

California, Nevada, New Mexico, and Utah, from which water actually drains 

into the Colorado River below Lees  F e r r y  and more specifically below the 

mouth of the Paria  River, a s  shown on map No. 1. 

The coastal plain a r e a  of California lying south of the t ransverse  ranges 

and west of the peninsular ranges, which i s  served by Colorado River water, 

i s  not considered in this report, a s  the management practices ow the public 

lands under jurisdiction of the Bureau of Land Management within the a r e a  

have little effect on total water yields within the region. 

D. Relationships to other agency plans 

The comprehensive plan f o r  the development of the Lower Colorado Rives 

basin i s  a joint effort of interested Interior agencies to plan for the orderly 

and proper development of the resources  under the jurisdiction of the  

Department of the Interior. 

The public domain lands a r e  administered by the Bureau of Land Manage. 

ment. Under appropriate conditions, they may be classified for disposition 

and title transferred, o r  withdrawn and t ransfer red  to the jurisdiction of 

another Federal agency for a specific purpose, such a s  a wildlife refuge o r  

a national park. 



The Bureau of Land Management manages the public lands to a s su re  that 

full use potentials a r e  realized. This  demands that t he re  be continuous coop- 

erat ion with local, county, State, and Federa l  agencies so that multiple use 

management 'will be achieved to the grea tes t  possible extent. 

The BLM and the Bureau of Indian Affairs have ser ious problems in com- 

mon on the management of public lands i n  and adjacent to Indian reservations.  

A grea t  deal of t r e spass  i s  encountered which has  resulted in t e r r i f i c  over -  

grazing of some a reas .  A ser ious overgrazing situation exis ts  on the with- 

drawal created by Executive Order  5889, which withdrew land in New Mexico 

to aid the San Carlos  Indian Irrigation project. in Arizona. Since there i s  

doubt about the land ever  being used in connection with the San Carlos  Indian 

Irrigation project,  consideration should be given to placing it under multniple 

use management again. 

The Geqlogical Survey collects and publishes data on water  uses,  quantity, 

and quality. While there i s  a great  deal of information available, much m o r e  

is needed on groundwater and 9n sedimentation to facilitate proper  management 

of the public domain lands. F o r  instance, little information i s  available on 

sedimentation and the part icular  charac ter  and location of the grazing land 

which contributes to  the tremendous load of si l t  ca r r i ed  by the Colorado River 

and i t s  t r ibutar ies .  It i s  estimated that 147 million tons of sediment a r e  t r ans -  

ported through the Grand Canyon each year  by the Colorado River. Erosion 

cont roh through proper  management and construction of sedlmentation b a r r i e r  ~l 



will become one of the most  important management jobs of the BLM. Much of 

the information and data needed to approach the problem intelligently will have 

tc be furni shed by  the Geological Survey. 

The BLM and the National P a r k  Service work closely together to determine 

the recreat ion potentials and needs of the public domain lands. There  i s  room 

fo r  disagreement on the size of withdrawals for  national recreat ion a r e a s .  The 

BLM i s  now staffed to properly administer lands under the multiple use concept 

and p re fe r s  to have withdrawals no l a rge r  than necessary .  

There  i s  need for close cooperation between the BLM and the Bureau of 

Reclamation in that too many smal l  water  developments in  the uplands of a 

watershed can have adverse effects on downstream flow, The BLM, through 

proper  management, can insure the water flow and contribute toward s tem-  

ming the flow pf sediment. A Solicitor 's  opinion prevents the BLM from corn.- 

puting downstream benefits in  cost ratio benefits. This makes i t  difficult to 

justify some of the very  important soil and moisture  projects which will have 

valuable downstream benefits due to sedimentation control and increased  flows 

of be t te r  quality water .  

The United States Fish and Wildlife Service cooperates with the BLM ir, 

wildlife management problems on public domain lands, It is interested in 

proper  management of the lands and water  to insure the necessary  environ- 

ment for  an  abundance of healthy fish and wildlife. Large a r e a s  of public 

domain lands a r e  withdrawn fo r  wildlife refuges and game ranges,  The 
A .  



BLM i s  highly interested in  seeing that withdrawals a r e  not too large for  the 

intended purpose, and when lands a r e  definitely suited for multiple use man- 

agement, they should remain under the jurisdiction of the BLM. A portion of 

the Desert  Game Range in Nevada, f o r  instance, might well be under mutliple 

use management. 

The Bureau of h4ine.s i s  interested in the management of the lands in 

such a manner that mineral resources can be developed consistent with other 

valuable land uses  and management practices.  

E. Summary 

In view of the limited water resources  within the Lower Colorado River 

basin, the cr i t ical  shortages in many sections, and the mount in g demands 

for  water, i t  is imperative that al l  interested Federa l  agencies direct  their  

efforts toward obtaining the maximum development and efficient utilization 

of a l l  poasible water resources.  Research in a l l  facets of this problem 

must be greatly accelerated and expanded in scope. It will be necessary 

that close cooperation exist among Federal,  State, and county agencies, 

and private interests ,  

The Bureau of Land Management administers  a high percentage of the 

land a rea .  All planning ehould be baaed on the aeeumption that there will be 

a n  ever-increasing demand from c ~ m p e t i n g  groups, such a s  induetrialiste, 

etockmen, miners ,  and recseationists.  Thie lsituation indicates the multiple 

uee of the land muet be the guiding factor in  planning. Multiple ure is defined 



a s  the optimum mixture of various uses  (or  the single use )  of land based upon 

relative values and potentials of various resources ,  a s  well a s  the compatibility 

of their  uses .  

The grea tes t  contribution of BLM toward bet ter  water  management will 

be to manage the vegetative r e sources  in a manner  that will maximize water 

yields and minimize sedimentation and pollution. To this  end 66 community 

water  sheds have been delineated to facilitate planning and development. Sub- 

stantial p rogress  has  been made in two watersheds involving a n  expenditure of 

$300, 000 by BLM. Planning has  been undertaken, along with a small  amount 

of development work, in  5 watersheds,  which will, when the program is im-  

plemented, involve a total cost on BLM lands of about $8, 000, 000. 

PART 11--STUDY AREA 

A .  Topography and vegetation 

The vast  a r e a  which constitutes that portion of the Lower Colorado River  

watershed below Lees  F e r r y  m a y  be broadly categorized into three  distinct 

physical a reas- -each  with i t s  own m o r e  o r  l e s s  individual climate, f lora ,  and 

fauna, 

The northern section, which includes portions of the Colorado Plateau 

and Basin and Range Provinces,  i s  character ized by lofty plateaus incised by 

spectacular canyons with remnants  of hil ls ,  buttes, and mesas .  The plateaus 

differ f rom one another in tempera ture ,  rainfall, and vegetation. The average 

elevation of the a r e a  is 5, 000 to 7, O Q O  feet, Much of the a r e a  is wooded, with 



yellow pine o r  aspen at the highest elevations and pi<on-juniper a t  the lower alti-  

tudes. Sagebrush, bunchgrasses, and deser t  shrubs a r e  found in  the lower, 

d r i e r  sections. 

In the central section, high mountain ranges extend in a general northwest- 

southeast direction, The mountain tops generally r i se  4, 000 to 6, 000 feet above 

the valley f loors  and several peaks exceed 11, 000 feet above sea level. The 

vegetative cover in the central section i s  s imilar  to that of the northern plateau 

a rea ,  but with a greater  proportion sf deser t  types a s  a result  sf the generally 

lower average elevation of the region. 

The southern section i s  sometimes refer red  to  a s  the desert ,  o r  plains 

region. It consists  largely of vast s t retches of deser t  plains broken by short 

mnuntain chains from 1, 000 to 3,000 feet in  elevation, The mountains a r e  

seldom forested and the plains o r  broad level valley support typical deser t  

flora,  o r  a r e  devoid of vegetation. Portions of the a r e a  a r e  extensively 

irrigated, particularly in the Gila and Salt Rives Valleys. 

B. Geology 

That portion of the study a r e a  within the Colorado Plateau Province i s  dis-  

tinguished primari ly by the horizontality of i t s  rock formations in contrast to 

the folded formations in adjoining provinces. Stratigraphically, the Colorado 

Plateau Province is characterized by massive sandstone formations with 

some shale interbeds. A s  the formations have been subjected to extensive 

erosion in a n  a r id  climate, mesas,  cuestas,  escarpments,  canyons, and dry  



washes a r e  prominent features  of the landscape. In some places volcanic necks, 

buttes, and lava flows a r e  abundant. 

The basins and low mountain ranges a r e  distinctive f o r  their  uniformity and 

roughly paral le l  one another. The i r  bulk i s  fa ir ly  continuous and the c res t s  a r e  

quite uniform. The slopes a r e  fa i r ly  straight and do not tend to flatten a t  the 

base.  The abrupt meeting of the valley floor and mountain side and the uniform 

slope of the la t ter  a r e  charac ter i s t ic  of the Basin and Range Provinces.  

C. Climate 

The important determinants of climate within the study a r e a  a r e  elevation 

and the pattern of mountain ranges and distances from large  bodies of water.  

In general, rainfall i s  light and hum'idity low.. The percentage of possible 

sunshine received i s  high, a s  i s  the diurnal variation in temperature.  

As would be expected, the southernmost a r e a s  experience the leas t  rain- 

fa l l  and the  highest tempera ture  s .  At Yuma, Arizona, the average annual rs in-  

fa l l  i s  l e s s  than 3 inches, while a s  much a s  30 inches p e r  year  i s  received in 

sQme sections of the mountains. The average annual precipitation for  the State 

of Arizona i s  12 112 inches, The seasonal distribution of precipitation differs,  

The re  i s  no marked seasonality a t  Yuma and o ther  extremely a r id  sections, 

The mountain a r e a s  experience summer  thundershowers and winter snows wbj ci.; 

resul t  in summer  and /o r  winter precipitation highs. Over most  of the region 

there  a r e  two general periods of rainfall: December to Februa ry  and July to 

September,  As i s  t rue  in most  semiar id  regions, ex t reme departur:.& from 



annual t laverages ' l  6f precipitation a r e  character is t ic .  One year  may bring many 

t l m e s  the ra in  of the next and in the d r i e r  regions la rge  a r e a s  m a y  be pract ical ly  

skipped for  one o r  more  seasons. Along with this fitful character  of the seasonal 

rainfall goes a tendency toward br ief  and violent showers o r  cloudbursts. This  

has  a pronounced effect on runoff, infiltration, and erosion rate .  

The difference between daytime and nighttime temperature i s  typically 30 

to 40 degrees Fahrenheit. In the high plateaus o r  mountains, summer  tempera-  

t u r e s  seldom exceed 90 degrees,  while tempera tures  well over 100 degrees  a r e  

usual in the lower and more southerly region. Winter tempera tures  a r e  mild 

over  most  of the a rea ,  although tempera tures  well below freezing a r e  typical i n  

the higher elevations and northern portions of the basin. The growing season 

va r i e s  f rom 204 days a t  St. George, Utah, t o  348 days a t  Yuma, Arizona. 

D. Population 

The Lower Colorado River basin a r e a  ranks among the Natiants fastest  

growing regions. The population increases ,  however, a r e  largeby confined to a 

few restr ic ted a r e a s  within the basin, such a s  Maricopa and Pima Counties, 

Arizona, and Clark County, Nevada, More than one-half of Arizona'e popula- 

tion, fo r  example, resides  in Maricopa County. The population of Maricopa 

County surged from 332, 000 in  1950 to 664, 000 in 1960, P ima County, with 20  

percent  of Arizona 's  population, went f rom 141, 000 to 266, 000 in  1960, In 

both cases  the population virtually doubted in a decade, During the next decade 

(it has  been predicted) Arizona's population will grow a t  three t imes  the national 
- 1  

ra te  for an expansion of 7 3  percent over the 1960 figure. 
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E. Access  

An adequate network of major  highways s e r v e s  the principal populated 

valleys, These  highways a r e  pr imar i ly  designed for  through inter-State t ra f -  

fi:. In addition to the principal highways, the major  urban and agricul tural  

a r e a s  a r e  laced by adequate road ne ts .  Traffic beyond the l imi ts  of the urban 

and agricul tural  a r e a  i s  light with the local roads poor and generally unpaved. 

The  large remote a r e a s  of back country which constitute a g rea t  deal of the 

public domain lands have many a c c e s s  problems. Public land is often without 

roads o r  public access .  Many mi les  of new roads a r e  needed to open up these 

lands to meet  the demands from the increasing number of people who a r e  d is -  

covering the recreational potential of the public lands. Roads to facilitate 

- multiple use management a r e  a l so  needed. 

F.' History of the general a r e a  

F o r  the purposes of this report ,  the archaeological data concerning ea r ly  

m a n s s  occupancy of the a rea ,  the southwestern culture complex, the initial 

exploratory expeditions, and Spanish mission sett lement a r e  necessar i ly  

ignored. 

Substantial non-Indian settlement in the study a r e a  was accomplished in 

the la t ter  half of the nineteenth century. The discovery of gold in California 

and subsequently in Arizona led to the establishment of numerous minera l  

enterprises .  Mining activit ies continued a t  an increasing tempo until the 

drop in s i lver  pr ices  jn 1893. The level of minera l  activity has  fluctuated 
- .  
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since that t ime.  Cu,rrently, cer tain segments of the industry a r e  i n  some d is -  

t r e s s ,  but general ly  the industry i s  healthy and a n  important component of the 

economy. 

Farming and ranching activit ies expanded concurrently with &he growth of 

the minera l  industry,  The location of f a r m s  and ear ly  sett lements was usually 

determined by the availability of water, i r r igable  land, and accessibil i ty or . 

routes of transportation. Lands were  initially i r r igated by the s implest  of 

rock o r  b rush  diversion s t ructures ,  and ditches and canals,  As &Be economy 

matured and higher and l e s s  accessible  land was developed, more  complicated 

and permanent i r r igat ion s t ruc tures  were installed. The grea ter  portion of 

the report  a r e a  i s  devoted to the production s f  native forage for livestock, 

in te rspersed  with a r e a s  of i r r igated f a rms .  The range a r e a s  a r e  essentially 

wild lands valued chiefly for  range livestock, wildlife, recreation, and as 

watersheds.  The economy of the a r e a  has, of course,  become m o r e  complex 

a s  it has  expanded. Today, major  industrial, commercial ,  busiune ss, and 

mil i tary establishments contribute to the diversification of the a real s economy, 

Ranching was one of the ear l ies t  economic activit ies in  the basin. It ex- 

panded rapidly from 1830 to 1900. By the t u r n  of the century virtually al l  of 

the lands adjacent o r  accessible to surface water supplies were appropriated, 

Stockmen began developing wells and fencing the ranges they sought to control, 

Range use of public lands during that period was uncontrolled by the Federa l  

Government, In 1906 the F o r e s t  Service began to establish recognized grazing 
- A 
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rights on specified a r e a s  under i t s  jurisdiction, Lands acquired by the States 

upon admission to the Union were  generally leased t o  stockmen. The enactmerit 

of the Taylor Grazing Act in 1934 finally provided the means to establish control 

over  the public domain lands. It authorized the regulation of use and'the initia- 

t ion of rehabilitation measures .  This  la t te r  was necessa ry  a s  most  of the lands 

had badly deteriorated from many years  of misuse.  y ~ x c e s s i v e  stocking of the 

range had resulted in the diminution of the better forage plants and permitted 

the establishment, o r  spread, of l e s s  desirable  plant species. 

G .  Present  economic development 

The economic growth rate  of the repor t  a r e a  i s  one s f  the highest in  the 

country. The growth i s  accompanied by an  increasing diversification of the 

economy, The p ~ i n c i p a l  sources  of income for the a r e a  a r e  current ly derived 

f rom manufacf uring, mining, tourism,  crops,  and live stock in that o r d e r ,  

Manufacturing is the economic activity which has achieved the grea tes t  

gains in recent years .  The manufacturing activit ies include ele*ctronics, 

aerospace industries,  clothing, chemicals,  metal  processing, food processing, 

printing and publishing, machinery, lumber,  and a host of other  light 

manufact w ing  enterprises .  

The mining activity i s  based upon a wide variety of minerals ,  most  i m -  

portant of which is copper. Asbestos,  molybdenum, manganese, barite,  lime, 

gypsum, and perli te a r e  among the long l i s t  of minera ls  whizh have become 

substantial fac tors  in  the economy. . . 



F o r e s t  products within the basin a r e  derived pr imar i ly  from the mountain 

a reas .  Roughly 300 million board feet of lumber a r e  harvested annually. The 

chief sawmill operations a r e  located in Flagstaff, Williams, Winslow, 

Fredonia, Springe rville, Hebe r, and McNary. 

Although l e s s  than 2 percent of the basin is under cultivation, the prsduc- 

tion of crops,  virtually al l  by irrigation, i s  a vital segment of the region's 

economy. Yields p e r  a c r e  a r e  among the highest in the Nation in both quantity 

and value. Crops produced include cotton, lettuce and other  vegetable crops,  

melons, commercial  hay and seed, dairy products, poultry, c i t rus  frui ts ,  and 

many others ,  Major dams, such a s  Roosevelt, Morse Mesa, Mormon Flat ,  

Stewart Mountain, and Granite Reef on the Salt River, Horseshoe and BaPelett 

on the Verde, Coolidge on the Gila, Lyman on the Little Colorado, and Hoover, 

Davis, Parker ,  Laguna, and Imperial  on the main s t r eam of the Colorado River 

provided the means  for the development in  the las t  50 yea r s  of an  intensive and 

great ly  expanded i rr igat ion agriculture.  Development of the gromdwaker sukppEy 

has occurred  throughout the basin, but the developments in  the Safford Valley 

and in Pinal County on the Gila River  a r e  par t icular ly dependent on pumped 

water. This  agricul tural  use, coupled with increasing demands on groundwater 

for  industrial, commercial ,  and urban residential  uses, has  resulted in  a 

general lowering of groundwater tables. The situation is cr i t ical  i n  many 

a reas .  The means to acquire additional water  must  be identified, as well a s  

techniques to make optimum use of existing supplies if present  requirements  

a r e  to be met  and fur ther  economic growth is to be achieved, 



The vast ma jo r i ty  of the lands in the region a r e  devoted to  the production 

of range livestock. The Lower Colorado River basin supports '1,963 cattle 

opera tors  and 750 sheepmen, who graze  about 360, 000 cattle and approximately 

205, 000 sheep, par t  of the year  on public domain lands. 

The poor condition of the range indicates that overgrazing is sti l l  taking 

place,  Complete adjudication of the range privileges i s  a must  before good 

management pract ices  can be instituted. - Almost 800 range u s e r s '  privileges 

have yet to be adjudicated. Many of these a r e  smal l  opera tors .  F o r  in- 

stance, 594 a r e  in New Mexico, where the land i s  in a deplorable condition; 

578 of the New Mexico opera tors  a r e  running sheep. 

PART I I I- -PRESENT PROGRAMS FOR PUBLIC LANDS 

A, Types of public lands 

The 28,294, 000 a c r e s  of public lands administered exc lus ive~y  by BLM 

in  the basin va ry  from the predominate deser t  shrub-grassland type a t  the 

lower elevations to isolated and scat tered stands of ponderosa pine at the 

higher elevatipns. A moderate belt of pigon-juniper woodland type and SQme 

chapparel occurs  a t  medium elevations. Approximate ac reages  for the 

general vegetation types a r e  shown on tables Nos. 1 and 2. 

B. Management pract ices  and uses  of public lands 

The 28 million a c r e s  of public lands in the a r e a  a r e  used fo r  a multiplicity 

of purposes: 



1. Rangeland fo r  domestic livestock and wildlife. Over 2, 700 grazing per  - 
mittees  and l e s sees  utilize the public lands, Many thousands of big game 

animals,  including deer ,  antelope, bighorn sheep, javelina, and considerable 

bird life a l so  utilize the public lands. Grazing privileges on the public lands 

have been established for  most of the basin on the bas is  of permanent water 

distribution and water  ownership o r  contro8. Nearly a l l  surface waters  a r e  

appropriated by f a r m e r s  o r  livestock u s e r s  under State laws. Fede ra l  range 

privileges a r e  a l so  granted on the basis  of private land ownership, h is tory  

of use, and other  c r i te r ia  in accordance with the provisions 0 4  the Tayl lo~ 

Grazing Act. The Bureau, to increase  the production of forage, employs 

various management practices,  dependent on the needs and potential of the 

particular te r ra in .  Many s f  these a r e  undertaken in cooperation with the 

livestock operators .  These include (but a r e  not l imited to)  fencing, reseed-  

ing, o r  revegetation, soil erosion control, b rush  eradication, noxious weed 

control, f i r e  control, road construction, water deve8opment, regulation of 

numbers, and control of seasons of use. 

2. Recreation. In cooperation with the Bureau of Sport Fi she r i e s  and 

Wildlife and the State game and f i sh  departments,  the Bureau manages the 

public lands for the optimum development and utilization of wildlife and f ish 

consistent with other uses.  This  i s  achieved by developments and allocating 

public land a r e a s  necessary  t o  propagate cer ta in  species.  In addition, a l l  

of the public lands a r e  available to the public fo r  such recreational pursui ts  



a s  camping;, picnicking, riding, hiking, sightseeing, nature study, l , h g r a p h y ,  

boating, hunting, and fishing. Many of the public lands a r e ,  and  will remain, 

in .their natural state because of factors  such a s  tppography, climate, and r e -  

mote location. The Bureau considers public recreat ion values i n  making deci- 

s ions affecting use of the public lands, It cooperates with Federa l ,  State, and 

local recreat ion agencies i n  providing lands and faci l i t ies  to improve the pub- 

lic recreat ion opportunities and i s  present ly inventorying all public lands 

having significant values fo r  public recreat ion.  F o r  example, pract ical ly  all 

of the State, Federal ,  and local parks  have been served  out of the  public land8 

and the Arizona State Highway Department maintains over  400 r e s t  stops lo- 

cated largely on public lands, State and local recreat ion agencies  plans in- 

clude many thousands of a c r e s  of public domain for future recreat ional  

. . developments. In cer tain a reas ,  such a s  Lincoln County, Nevada, where a 

6-unit campground has  been installed, recreat ion s i t e s  on public lands a r e  

being developed by the Bureau under the Accelerated Public Works Program.  

3. Mining, This a r e a  has  a significant mineral  industry based upon the 

production of copper, lead, zinc, gold, and silver.  In a d d i t i ~ n  to these, 

many other metall ic and nonmetallic minera ls  such a s  lime, gypsum, etc.  , 

a r e  produced on the public lands. The Bureau adminis te rs  these  r e sources  

under the provisions of the general  mining laws, the mineral  leasing acts ,  

and the mineral matqrials  ac t ,  The public lands provide the grea tes t  
I A 

source  of road building mater ia l  in the a r e a .  Decorative and building stone 



is a lso  a n  important mineral  resource ,  At p e a e a t ,  the Bureau i s  conductitbg 

a n  inventory of the mineral  resources  and activit ies on public lands and making 
\ 

economic s tudies  to facilitate identification of proper  land tenure a r rangements  

and land management pract ices  on mineral ized lands. - 

4. Watershed protection. The public lands a r e  managed to achieve opti- 

mum production of forage and water  and to control erosion,  Land t reatment  

measures  such a s  b rush  control, seeding, and contouring a r e  being accom- 

plished a t  a ra te  commensurate with available manpower and-funds. In addi- 

tion to these pract ices ,  the Bureau rehabili tates b u r n e d - o v e ~  a r e a s ;  develops 

water facil i t ies,  including wells, springs,  reservoi rs ,  and pipelines; builds 

water control s t ruc tures  ranging f rom small  gully plugs to  large water -  

spreading sys tems using detention dams, diversions,  dikes, and water  - 
spreaders ;  constructs  range use facil i t ies such a s  fencing, cattleguards, 

stocktrails,  and t ruck t ra i l s ;  controls o r  e radica tes  noxious o r  poisonous 

plants and reseeds  the land to usable forage. The Bureau a lso  cooperates 

with other  conservation agencies in  watershed protection activit ies.  

5. F o r e s t  and woodland management. T imber  lands in the a r e a  a r e  

pr imar i ly  administered by the F o r e s t  Service. However, the public lands 

contain some acreage  of ponderosa pine with commercial  value, a s  well a s  

la rge  a r e a s  of pif;on-juniper woo"d1ands. The woodland a r e a s  produce 

Chris tmas t r ees ,  fence posts, and pfFi*on nuts. There  i s  current ly some 

commercial  harvesting of p s o n  nuts; this  product i s  a source of livelihood 



for  a portion of the Indian population. The f o r e s t s  and woodlands of the public 

lands a r e  managed on a multiple use baais,  with recognition of the highest and 

b e s t  uses  o r  productive capabilities, Among these  a r e  l imited commerc ia l  

production of fores t  products, recreation, wildlife habitat, grazing, and 

water  shed protection. 

6 .  Other beneficial purposes. A s  the bulk of the lands in  the region a r e  

under Federa l  jurisdiction, the public lands have been the object of demand 

b y  governmental agencies, nonprofit organizations, and individuals, to be  

used f o r  homesites,  business  sites, industrial  s i tes ;  rights-of-way and ease-  

ments  for roads, microwave stations, and various utilities, public purposes, 

such as parks,  schools, recreat ion facil i t ies,  churches,  hoepitale, and 

refuse disposal s i tes ;  a s  well a s  for  such purposes as  national defense in- 

s tallations, wildlife refuge s, a i r  navigation facilitie s, e tc ,  Accommodating 

these requests for  lands is a major  function of the Bureau, The Bureau 

maintains the bas ic  land t i t le  and survey  records  for the Fede ra l  Government., 

a s  well a s  being responsible for  the survey and monumentation of the public: 

lands s o  that they might be identified and described to facil i tate management 

o r  t i t le t ransfer .  

To bet ter  fulfill i t s  functions, the Bureau cooperates with appropriate 

Federal ,  State, and local agencies.  In i t s  management of the public lands, 

the Bureau also is involved i n  protecting the lands f rom f i re ,  elimination of 

unauthorized use, visitor protection; ' and  insect, disease,  and pest control, 
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C. S-ignificance of znanagement pract ices and uaes of pwblic land 

1. P r e s e n t  water problems and needs. Settlement in  the area has  been 

directly related to water availability. In many instances, efforts to  obtain 

additional water  for.. the expamilon of cities and towns, o r  for  agricultural 

use, have been in vain, o r  curtailed by pr ior  appropriative rights. In 

a r e a s  having high potential f o r  agricultural development, laws based on 

the doctrine sf beneficial use have often inhibited other development, Agri- 

cultural developments have, in some instances, resulted in  the depletion of 

underground water upon which urban settbements were dependent. Public 

lands, on which the highest and best  use i s  for  the development of ses i -  

dential, commercial, o r  industrial uses, a r e  subject to th i s  risk. Many 

areas with potential for  development a r e  limited because good quality 

water is unavailable. 

The lack of adequate water developments for  livestock and wildlife 

on public landa resul ts  in improper distribution of grazing animals. Addi- 

tional wella, spring developments, stockponds, and rese rvo i r s  a r e  needed 

in order  to diminish overgrazing around existing walerholes, thereby mini- 

miaing ppoblems with respect to erosion, runoff, and sediment damages. 

Additional detention dams would a lso  provide water for  livestock and wild- 

life, a s  well a s  alleviate erosion. These practices,  together with comple- 

hion of the adjudicatian of range privileges, would promote more efficient 

utilization of existing range forage a n d  improve watershed conditions. 
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Cooperative ventures between the Bureau and local  range u s e r s  will 

continue and probably increase,  thereby adding t o  the number of cooperative 

range and soil and moisture  conservation projects. More condition and 

t rend surveya of the public range a r e  require& to determine proper  stocking 

r a t e s  and identify needed adjustments in the use bf the range and management 

practice s. 

Complete hydrologic data such a s  precipitation records,  groundwater 

recharge rates ,  infiltration ra tes ,  and soil moisture  etoring capacities a r e  

needed. Such data would facilitate the groper  handling of groundwater 

systems, land classification, and development of range improvements,  such 

a s  spring and well developments, The data would a l s o  minimize the tendency 

to overdesign water s t ructures ,  a t  the same t ime insuring that s t ruc ture  

specifications a r e  adequate fo r  the hydrologic conditions likely to  be 

encountered. 

2 .  Effects of public land disposition and use on the water problems and 

needs. The previously descr ibed public land uses  and pract ices  all,  in aome 

way, involve the need for more  efficient water  utilization. The vast  utiliza- 

tion of the public lands i s  a lmost  ent i rely dependent on local groundwater 

sources and a s  the uses  intensify on the public lands, t h e  water  situation 

will become more  and more  crit ical .  Expanding range, wildlife, recreation, 

and agricultural  uses,  a s  well a s  urban development, will deplete local water  

sources on the public lands, As  l a i d  uses  a r e  intensified, be t te r  management 

of existing water sources  will be  required. 
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Certain high uses of the public lands have been curtailed because of 

pr ior  appropriation of available water for  a specific use, e. g., recreation 

use is sometimes precluded because of existing livestock o r  agricultural 

use. In many instances, the sale o r  t ransfer  of public lands brings the 

lands into a high water-consuming use, Fo r  example, the sale o r  t ransfer  

of public lands may result  in their development a s  i rr igated farmland, thus 

further  depleting the overdrawn underground water source a. Large public 

sale, recreation and public purpose, and tswnsite programs a r e  contem- 

plated within the basin, particularly near the Lower Colorado River, The 

possible sale ob large t rac ts  of land a t  Eldorado Valley and For t  Mohave to 

the State of Nevada, authorized by special legislation, and similar special 

ac ts  authorizing transfer  0 4  public lands t~ Lincoln County and the city of 
I 

Henderson, in Nevada, all  contemplate intensive development with high 

water requirements, These developments will doubtless intensify 

gpoundwater problems, 

3. Colorado River tributary projects. Bureau of Land Management 

projects on Colorado River tributaries consist sf community water shed 

areas,  some of which a r e  planned in  detail for management, conservation, 

and improvement practices (see  attached map No. 2 for community water-  

ehed boundaries). There  a r e  66 community watersheds in the basin. Im- 

provements within two watersheds have been substantially completed, 
- x 
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Detailed planning has  been completed and some work installed within 5 other 

watersheds, The community watersheds which have been partially developed, 

o r  for which detailed plans have been completed, a r e  tabulated below by name, 

acreage, cost, and benefits, . 

a .  Existing projects daubstantially complete): 

(1  ) Railroad Wash Community Wate rshed, Arizona. 

BLM adminiote red. acreage 90,000 

Other 

Total a c r e s  136, 000 

Cost--Federal funds (approx. 1 $250,000 

Contributed funds (approx. ) 92, 000 

Total cost (approximately) $342, 000 

Tangible benefits include soil stabilization, increased live stock 

forage production, improved wildlife habitat, and control of floode 

and sediment for protection of downstream improvements, 

(2) Upper Meadow Valley Wash Watershed, Nevada. 

BLM administered acreage 169,400 

Othe r 

Total ac res  

Cost--Public Law 566 funds $ 00,000 

BLM funds ' 

Other - .  

Total cost 



Upper Meadow Valley Wash Watershed (continued). 

Annual direct and indirect damages from floodwaters, sedi- 

meatation, and erosion a r e  estimated a t  $10, 000. After  a l l  

project features a r e  installed, reductiod in qarnages, pluo 

restoration of productivity will result  in monetary benefits 

of $4, 000 annually. 

b,, -Planned projects f small  amount of work e ~ m p l e t e d ) ;  

(1)  For t  P ierce  Community Watershed, ArYzona. 
, 

BLM administered acreage 799 ,  000 

Other 174,000 

Total a c r e s  973,000 

Cost- -Federal funds (approx. ) $1,550,000 

Contributed funds (approx, ) 180, 000 

Total cost (approximately) $1,730,000 

Benefits--see statement fo r  Railroad Wash Community 

Watershed above. 

(2) San Simon Community Water shed, Arizona. 

BLM administered acreage 496, 000 

Othe s 917, 008 

Total a c r e s  1,413,000 

Cost- -Federal  funds (approx. ) $4,000,000 

Contributed fund; '(approx. ) 685, 000 

Total cost (approximately) $4,685, 000 
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(2 ) San Simon Community Water shed (continuedb 

Benefits --see statement for  Railroad Wash Community 

Watershed above, 

(3) Vekol- Waterman Community Watershed, Arizona. 

BLM administered acreage  660,000 

Other 

Total acreage 

Cost- -Federal  funds (approx. ) $600,000 

Contributed funds (approx, ) 150,000 

Total cost (approximately) $750,000 

Benefits--see statement for  Railroad Wash Community 

Watershed above, 

(4) Bouse-Tyson Cqmmunity Watershed, Arizona, 

BLM administered acreage 1,650,000 

Other 

Total acreage 

Cost--Federal funds (approx, ) $1,850,000 

Contributed funds (approx, ) 140,000 

Total funds (approximately) $1,990,000 

Benefits-- see  statement for  Railroad Wash Community 

Watershed above. 



(5)  Interaatioaal 33oPder Community. Water shed, California. 

BLM administered acreage 90,000 a c r e s  

Cost--Federal funds (approx. ) $202, 000 

(a) Double carrying capacity from 6 ,  000 to 12, 000 AUMf s 

(b)  Increase groundwater yield 

( c )  Decrease existing soil erosion 

A tabulation, table No, 3, of existing and proposed conservation and 

improvement practices i s  attached. The tabulation show4 the units of 

significant pract ices involved in project developrn ent, 

4, Groundwater developments. Groundwater developments on public 
I I 

lands, include extraction developments and conservation developrn ents. 

Water extraction developments a r e  largely required by livestock and wildlife, 

These developments include stockponds, pipelinesb and spring and well 
I 

1 / 
I 
develdgments, The developments a r e  constructed by BLM range users  under 

permit  o r  cooperatively with the Bureau. Conservation developments a r e  

designed to improve watershed conditions and promote groundwater ertorage 

capacities,  The developments consist of reseeding, brush control, check 

dams, diversions, and spreading works, 

5. Present  water uses. Generally, all  known waters  have been appso- 

priated and a r e  being used. The principal uses of water on the public lands 

a r e  for  livestock and wildlife. a 
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6, Research programs. The Bureau cooperatee withStatg universities in 

research projects, such a s  ecological and range-use studies in  Nevada, brush 

eradication in California and Arizona. Cooperation with State f ish and game 

departments in various wildlife projects involving introduction of new species 

and propagation of species, such a s  bighorn sheep, is also taking place, 

In Nevada two 2,000-acre pastures near  Panaca and Crystal Springs 

have been segregated and actual grazing use and erosion data acquired. The 

project, supervised by the Soil Conservation Service, has resulted in the 

development of a record of use in excess s f  20 years.  Currently, a r range-  

ments a r e  being negotiated whereby these a r ea s  will be returned to BLM 

jurisdiction and the study continued by the Bureau in  cooperation with the 

University of Nevada. 

A cooperative study to identify management a l t e~na t i ve s  for picon- 

juniper woodlands i s  being conducted by the Bureau of Land Management and 

the Utah State University. Four s i tes  for this study have been designated 

within the basin, 

Because of the critical water shortages in many par ts  of the basin, 

several agencies a r e  devoting considerable research t~ water problems. 

The Bureau will continue to exchange information with these agencies apd 

rely upon them to furnish research findings, BLM will cooperate with them 

in providing funds and personnel where the public lands will benefit directly 

and where such efforts a r e  necessary  to implement amuch-needed program, 



PART I V--FUTURE PROGRAMS FOR PUBLIC LANDS 

Tha Bureau of Land-Marragement long r ange  program (1968- 1980) i s  based 

on a n  expected t r ans fe r  of some 1.8 million a c r e s  to private owner ship and 

other public administration, Many of these lands will be acquired by State and 

local governmental agencies for  public purposes and by individuals for private 

needs. The balance will be t ransfer red  to other Federal  agencies o r  managed 

by BLM to meet the requirements of resource needs. Table No. 2 reflects 

adjusted acreages  in ,BLM administered lands expected t~ result from title 

t ransfers ,  withdrawal sl etc. 

A. Future management practices and uses of public land 

The public lands will be come increasingly important for many puspo se s 

and will play a grea ter  role in the economic structure of the States. Many 

present uses will become subordinate to uses created o r  influenced by popula- 

tion growth, new technological developments, improved access  and transpor- 

tation, more leisure time, increased wagea, efc,. Natupally, management 

programs will have to be respopsive to emerging needs and the changing pat- 

te rns  of uee and demands. Inventories, studies, and plans being made today 

anticipate the maximum balanced use of the public lands in the future. Con- 

struction projects, rehabilitation projects, etc. ,  a r e  al l  based on long term 

benefits. Greater emphasis i s  being placed on combinations of uses rather 

than single o r  special purpose use of the public larrds. F o r  example, r ec re -  

ation development i s  occurring on approximately 90, 000 a c r e s  of p b l i d  laqds 



under lease $0 Maricopa County in Ar iwna. -  Debar us- on-theae Landa, however, 

a r e  being administered by BLM. In the future, 100, 000 a c r e s  in  California will 

he txansferred for  recreat ion a reaa ,  sites,  and parks. Most recreat ion will be 

provided for  in conjunction with other land uses on specified a r e a s  with multiple 

use values, 

Live stock grazing i s  expected to increase, but through better manage - 
anent and technological advancements, the amount of range will diminish and be 

more clearly defined, and almost totally confined to designated multiple use 

a reas .  Urbanization will expand and create the need for  m o r e  and more  public 

land. In the California portion of the basin alone, these will be sold o r  t r ans -  

f e r r e d  into private ownership a t  least  180,000 acres,  The expanded urbanized 

a r e a s  a r e  expected to grow from existing towns such a s  Eas Vegas; however, 

some locations, pr imari ly in proximity to the Colorado River, will experience 

the need fo r  new townsites. Another example of the changing management 

picture i s  in the increasing heavy demand for  rights-of-way acquisition. 

B. Plans in t e r m s  of use, 

1, Future water problems and needs. All Bong range programs for  the 

management of the public lands will encounter the problem sf supplying the 

needed waters.  Without transported water from the Colorado River, o r  other 

sources,  public lands cannot be utilized to their f u l l  potential, In many areae ,  

groundwater is currently being mined. This  t rend will intensify through 1980, 



By the year  2010, the demands f o r  water will probably be  ten t i m e s  grea ter  

than at present.  

Continued improvement of 'range and watershed lands will ac)d im- 

measurably to the efficient utilization of all water  sources.  However, in- 

tensification of urban, industrial, and recreat ion uses  will eventually 

c rea te  water  needs beyond the water  yield capacities of many public lands 

and thereby curtai l  optimum utilization of those lands. The development 

of new water sources  will be highly necessary.  

2 .  Future effects of public land use and d i s p o s i t i ~ n  on water  problems 

and needs. The demands for public lands will continue to grow a t  an  in- 

creasing rate,  A grea t  deal of cooperation will be necessary  from the 

various agencies to avoid the disposition of the public lands where such 

action would have a detrimental effect upon water  supplies and crea te  

public problems. Demand for  lands will continue to be met  to the maximum 

extent possible, but only a f t e r  studies indicate that public intere  stre will be 

served, 

3. Colorado River t r ibutary projects  (long range-- 1968- 1980). The 

Bureau of Land Management long range program includes project develop- 

ment  i n  community watersheds containing public lands, Those watershede 

containing large,  solid blocks of BLM administered-land will be planned for  

intensive development, while those containing little public land will be plan- 
- .  

ned for  l e s s e r  development, o r  such development a s  is appropriate to  



present OF proposed land tenure arrangements-. Pr ior i ty  of plapniug and develop- 
1 

ment will depend on justifiable multiple purpose needs for  the public lands within 

the various watersheds, a s  well a s  the land pattern of such public lands. 

Projects  will be developed to prdvide for  the needs associated with multiple use 

i 

land management. I 

4. Groundwater developments (1968 - 198 Q). Included in the Bureau! s long 

range plans (1968-1980) for  project development will be groundwater develop- 

ment to provide water for  such uses a s  recreation, livestock, wildlife, etc. 

These developments will consist of approximately 335 wells and 417 springs, 

and will be developed by the Bureau, often in cooperation with public land 

users .  (See attached table No. 3. ) 

5, Planned water uses. Water use i s  expected to increase proportion- 

ately with population growth of the area ;  however, uses will be primari ly for  

public consumption, industrial expansion, and related to supporting enter-  

prises.  On the public lands, water use will be largely confined to use by 

live stock, wildlife, and recreationists. 

6.  Research programs (1968 - 1980). Future demands and uses of the 

public lands will dictate the amount and nature of research required for  

maintaining the public lands a t  their optimum productive capacity, It i s  ex- 

pected that the Bureau will develop research projects in outdoor recreation 

and continue to cooperate in certain management research project8 related. 

to such programs a s  range reseeding: Economic studies will be promoted 
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to evaluate multiwuse of the  public lands or rapedfic effects of special use e on 

the public lands (e. g., rightswot-way, easements on values, etc. ), These re -  

search projects will be planned and conducted a t  such.time a a  the needs a r e  

clearly identified. Until then, the program will continue to be 

tion with, and reliance upon, other Federal and State agencies 

i n  research programs. 

one of coopera- 

already involved 

7. Improvements of watershed yields (1968 - 198 0). Long range plans for 

BLM administered public lands call for  approximately 856, 000 ac re s  of wood- 

land and brushland to be converted to graes,  A substantial acreage of conves- 

sion of pGn-juniper to grass  i s  involved; the goal stated here may be subject 

to modification a s  the results of the study of management alternatives for 

pf60n-jupiper become available. Although rather naturally low in water yield, 

thepe lands, when improved, will not only increase the total yield, but will 

also impro-ve the quality of water a s  well, M6re intensive range management 

will insure that forage resources of watershed lands a r e  properly managed, 



Table No, ]I 

Typea of lands under BLM administration 
in Lswer Qolorado River basin, 1963 

(-pressed in thousands of a c r e a )  

Type Arizona California Nevada- NewMex ico  Utah Total 

W o d a a d  2,145 - 1,900 700 600 5,345 
Chaparral 974 254 - - 1,228 
Deser t  ahrub 9,969 2, 400 7,769 - 491 2, 171 22,800 

Total 13,088 2,654 9,669 L' 1, 191 2,771 29,373 

Table No. 2 

Types @f lands under BLM administration in 
Lower Colorado River basin, a s  estimated for 198 0 

(expressed in thousands of a c r e a )  

Type Arizona California Nevada New Mexico Utah Total 

Woodland 2,110 - 1,860 640 550 5,160 
Chaparral 950 225 - - - 1,175 
Desert shrub 9,028 2, 129 7,6491_/ 441 2, Q25 - 21,272 

Total 12, 088 2, 354 9, 509 L' 1, 08 1 2,575 27,607 

1 /  Includes 1,079,000 a c r e s  within the Deser t  Game Range - 
jointly adminjstered by the BLM and the BSF& W 1 
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Table No. 3 Page 1 of 3 
Existing and proposed improvements 

fo r  public lands in Lower Golorado River basin 

Water management 
Spring s 
Wells 
Detention dame 
Dive reion dam s 
Dikes 
Spreaders  
Reservoirs  

Unit Existing Short range- Wrrg range 

Range seeding a c r e s  69,326 58,690 346, 310 
Brush control t f 131,101 222,790 531,210 
Pitting, furrowing I I  52,700 150,000 
Site improvement 
for  refore station I I  

Refore station I I 

Road construction miles  35 1 106 1,926 

C A L I F O R N I A  
Water management 

Springs q0 b 15 4 12 
Wells 18 2 - 4 

Brush control a c r e  s 0 11,000 '1, 000 
Road construction milea 12 100 



Table No, 3 (continued) Page 2 of 3 
I 

Water management 
Springs 
Wells 
Detention dams 
Diversion dams 
Dikes 
Spreaders  
Re servoir  s 

Range seeding 
Brush control 
Pitting, furrowing 
Site improvem ent 
for reforestation 

Refore station 
Road construction 

Water managemedt 
Springs 
Wells 
Detention dams 
Diversion dams 
Reservoirs  

Range seeding 
Brush control 
Pitting, furrowing 
Site improvement 
for reforestation 

Unit: - 
No, 
I I 

D I 

I1 

I t  

I I 

II 

a c r e s  
I I 

II 

I! 

II 

miles 

No, 
I1 

I I 

I 8  

t I 

a c r e s  
II 

I I 

' / 
I I 

J!&EYADA 
19b4-1967 1968-1980 

Existing Short r a q e  

33,000 21,000 130, OOQ 
15,000 3,000 45,000 
2, Qoe 5,000 17, 000 

N E W  M E X I C O  

Refore station 500 



Table No. 3 (continued) Page 3 of 3 

Water managerneat 
Springs 
Wells 
Detention dam s 
Diversion d a m s  
Dikes 
Spreaders  
Rese rvo i r s  

Range seeding 
Brush  control 
Pitting, furrowing 
Site improvement 
fo r  xefore station 

Refore station 
Road construction 

Water management 
Spring s 
Wells 
Detentiyn dams  
Dive rs ion dam s 
Dikes 
Spreaders  
Reservoi rs  

Range seeding 
Brush  control 
Pitting, furrowing 
Site improvement- 
for  reforestation 

Refore station ' 

Road cons t ~ u c t i o n  

Unit 

a c r e s  
I I 

miles  ' 

No. 
t I  

I I 

11 

I I 

I t  

I I 

U T A H  
1964- 1967 1968-1980 

Existing S h o ~ t  range Long range 

15 126 
5 27 
5 108 

20 90 - 25 - 3 

100 450 

T O T A L  









Preliminary Report of the 
Bureau of Outdoor Recreation on the 

Pacific Southwest Water Plan 

The construction of major reservoirs of %he proposed Lower 

Colorado River Project would create areas that would have a 

considerable potential for water-oriented and associated recrea- 

tion, in addition to hunting and fishing, which are discussed 

separately in conjunction with fish and wildlife benefits. 

These reservoirs would attract two major types of recreation use: 

(-1)-'daily and weekend use emanating from the Phoenix and Tucson 

urban complex that would bear on the major reservoirs in that 

locality, and (2) extended weekend and vacation use by visitors 

who would be primarily attracted to the large reservoirs in the 

upstream portion of the Lower Basin. 

Significant outdoor recreation opportunities would be created 

by the reservoirs in the Gila drainage and the Dixie project. 

The other reservoirs would provide some recreation also, although 

they would have adverse effects on the present types of river 

recreation and an important intangible conservation and recreation 

values . 
Recreation Demands in the Phoenix-Tucson Area 

More than 75 percent of Arizona's population is concentrated 

in Maricopa, Pima, and Pinal Counties, wl5hin easy driving distance 

of the four proposed reservoirs in the Gila drainage. The pop- 

ulation of these three counties is expected to increase to more 



than 80 percent of the  S t a t e ' s  population before t he  dams can 

be constructed and t o  more than 90 percent  by the  year 2000. Max- 

we l l  Reservoir, within 25 miles of Phoenix, would be  used t o  

f u l l  capacity, even now, i f  i t s  construction included ample 

f a c i l i t i e s  f o r  outdoor rec rea t ion  a c t i v i t y .  Phoenix is  reputed 

t o  have the  highest  boat ownership per cap i ta  of any c i t y  i n  

i t s  s i z e  group i n  the  United Sta tes ,  bu t  present  boating f a c i l i t i e s  

a r e  not  adequate. 

Exist ing water impoundments i n  t he  extremely a r i d  Phoenix- 

Tucson area  a r e  already overtaxed by rec rea t ion  use. Addit ional  

water-based recreat ion oppor tuni t ies  f o r  fu tu re  population 

expansion w i l l  necessar i ly  be  dependent upon the  four  proposed 

impoundments. 

Recreation opportunit ies t h a t  would be provided by f a c i l -  

i t i e s  a t  the  Maxwell and Buttes impoundments would help t o  

meet a growing demand f o r  d a i l y  and weekend rec rea t ion  i n  the  

Phoenix metropolitan area .  To a somewhat l e s s e r  degree, f a c i l -  

i t i e s  a t  Charleston Reservoir would serve  a s imi la r  purpose 

f o r  Tucson. The Hooker impoundment would serve both  of these  

urban areas but, because of i t s  more remote location,  g r ea t e s t  

use would be on weekends. 

Recreation developments a t  these  four  proposed impoundments 

would consis t  of p icnic  and boating f a c i l i t i e s ,  camping areas,  

nature t r a i l s ,  and the  l i k e .  The Arizona S t a t e  Parks Board has 



plans. f o r  administrat ion of the  recreat ion fea tu res  of t he  pro- 

posed p ro jec t s  . 
The emphasis would be on providing f a c i l i t i e s  with high 

carrying capacity f o r  day use and other short-term v i s i t s .  The 

expected v i s i t o r  use has been estimated on t h e  ba s i s  of f u l l  

u t i l i z a t i o n  of the  recreat ion po ten t ia l s ,  r a t h e r  than i n  terms 

of population projections only. However, t h e  v a l i d i t y  of the  

current  population projections should be restudied,  i n  view of 

the  wide range of projections f o r  Arizona. These vary from a 

low of l e s s  then 3 mil l ion t o  a high of 8 mi l l ion  f o r  the  year 

2000. The projected population f o r  Arizona, used by t he  Out- 

door Recreation Resources Review Commission i n  i t s  study of 

America' s recreat ion resources and needs, is  2,144,000 f o r  

the  year 1976 and 3,859,000 f o r  t he  year 2000. 

Upstream Recreation Demands 

A minimum amount of bas ic  rec rea t ion  f a c i l i t i e s  would be 

required t o  take care of v ' is i tors t o  the  proposed Bridge Canyon 

and Marble Canyon rese rvo i r s .  Studies a r e  needed t o  determine 

what minimum f a c i l i t i e s  a r e  e s s e n t i a l  and what they would cost .  

A reasonable estimate of the monetary bene f i t  of 

e s s en t i a l  f a c i l i t i e s  t o  accommodate the  v i s i t o r s  

a r e  equal t o  the  cos t  of providing them. 

However, water-oriented rec rea t ion  cannot be 

the  primary purposes f o r  constructing the  Bridge 

Canyon dams because l e s s  co s t l y  a l t e rna t i ve s  f o r  

3 
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f a c i l i t i e s  i n  t h i s  a r e a  a r e  a v a i l a b l e .  The types of water-oriented 

r e c r e a t i o n  which could be suppl ied  by t h e  r e s e r v o i r s  a r e  a v a i l a b l e  

a t  Lake Mead and Glen Canyon National  Recreat ion Areas. These 

r ec rea t ion  a r e a s  serve  the  same population centers ,  and f a c i l i t i e s  

could be added as rec rea t ion  demand expands. 

No a d d i t i o n a l  r ec rea t ion  b e n e f i t s  can be  claimed f o r  t h e  

proposed Bridge Canycn Dam because of  the  unusual e x i s t i n g  recrea-  

t i o n  va lues  of t h e  prpposed r e s e r v o i r  a r e a  and t h e  adverse e f f e c t s  

the  d a m  and r e s e r v o i r  would have on these  va lues .  The r e se rvo i r  

a s  p resen t ly  planned would encroach on Grand Canyon National  Park. 

It would f u r t h e r  modify t h e  n a t u r a l  charac ter  of t h e  s tream which 

c rea ted  t h e  Grand Canyon and has been continuing t o  wear down and 

deepen t h e  canyon. The n a t u r a l  fo rces  which c a r r y  s i l t  and debr is  

through the  canyon would be l o s t  and much of t h i s  m a t e r i a l  would 

be deposi ted i n  and along the  s i d e s  of the  r i v e r  bed.  Opportunit ies  

would no longer e x i s t  t o  enjoy the  unique r e c r e a t i o n  va lues  of 

exploring the  a r e a  by r i v e r ,  through the  r a p i d s  and f a l l s ,  an 

experience t h a t  has  a t t r a c t e d  wide i n t e r e s t .  The r e s e r v o i r  a s  

p resen t ly  planned would f lood a por t ion  of Havasu Creek, which 

i s  Q i t h i n  Grand Canyon National  Park and i s  a spring-fed stream of 

unusual beauty, unique i n  t h a t  p a r t  of t h e  counkry. 

Access t o  both  t h e  Bridge Canyon and Marble Canyon impoundments 

w i l l  be severe ly  r e s t r i c t e d  by s t e e p  canyon walls and adjacent  

rugged topography. This  w i l l  l i m i t  t o t a l  v i s i t o r - u s e  p o t e n t i a l .  



The Virgin City and Lower Gunlock reservoirs in the Dixie 

project should be provided with adequate recreation facilities 

for local use. The recreation facilities at the larger reservoir 

(virgin city) should be designed for considerable State, and some 

national, use as well. Its location near Zion National Park makes 

it suitable for supplementing the scenic attractions of the pa*. 

Many of the visitors to the park would use it for picnicking, camping, 

swimming, fishing, and boating. 

Recreation Demands in the Southern California Area 

The State of California has recognized the fact that the 

expected large future population growth, especially in Southern 

California, will present an ever-increasing need for additional 

outdoor recreation areas and facilities. 

The State Park Commission feels that the Colorado River is 

second only to the Sacramento River as a source of water recreation 

opportunities for Californians. Proposals have been made for 

acquiring or leasing land from the Federal Government and estab- 

lishing three major parks and recreation areas along the Colorado 

River in Southern California. In conjunction with Southern Cal- 

ifornia's present water-oriented recreation and the State's pro- 

posed Castaic, Perris, and Cedar Springs Reservoirs, these parks 

would help to meet the pressing needs for such recreation. 

Recreation Benefits 

The primary benefits that will result from the provision of 

recreation facilities at reservoirs included in the Pacific Southwest 

5 



Water Plan were not subjected to the usual methods of measurement 

employed in evaluating other project purposes. Nevertheless, the 

National Park Service has provided a measure of the benefits 

by using "A Method of Evaluating Recreation Benefits of Water 

Control Projects," which it adopted in August 1957 and updated 

in February 1963. This method provides for a monetary evalua- 

tion of the benefits to the individuals visiting the area. 

On a national basis, the evaluation has been determined to 

average 52 cents per visitor day for general public use, 

including picnicking, swimming, and sightseeing; an additional 

55 cents per visitor day for boating and water skiing; and an 

additional 50 cents per visitor day for camping. The method- 

ology assumes that all visitors will pay a general use fee. 

Visitors engaged in boating and water skiing or in camping 

are assumed to pay additional fees for these activities. 

Scenic boating on the Bridge Canyon and Marble Canyon 

reservoirs will be of unusual quality, for reservoir boating. 

This would offset to some degree the encroachment of Bridge 

Canyon Reservoir on Grand Canyon National Park and the inun- 

dation of additional free-flowing streams. 



Estimated annual recreation benefits, exclusive of hunting and 

fishing, have been computed by the National Park Service. The 

estimates of annual visits and benefits for the reservoirs in the 

Pacific Southwest Water Plan, other than Bridge Canyon and Marble 

Canyon, are shown below: 

Maxwell Reservoir - Annual Benefits 
Visitor Value per 

Activities Davs Dav Total 

General Use 175,000 x $0.52 = $~~,ooo 
Boating and Water Skiing 75,000 x .55 = 41,250 
Camping 

This averages $0.90 per visitor day. 

Charleston Reservoir - Annual Benefits 
Visitor Value per 

Activities Days Day Total 

Gen~ral Use 100,000 x $0.52 = $52,000 
Boating and Water Skiing 40,000 x .55 = 22,000 
Camping 15,000 x 

This averages $0.82 per visitor day. 

Hooker Reservoir - Annual Benefits 
Visitor Value per 

Activities Days Day Total 

General Use ~O,OOO x $0.52 = $15,600 
Boating and Water Skiing 10,000 x -55 = 5,500 
Camping 

This averages $0.95 per visitor day. 



Buttes Reservoir - Annual Benefits 
Visitor Value per 

Activities Days Day Total 

This averages $0.70 

Virgin City Reservoir - 

General Use ~ ~ O , O O O  x $0.52 = $78,000 
Boating and Water Skiing 50,000 x -55 = 27,500 

$105,500 
per visitor day. 

Annual Benefits 
Visitor Value per 

Activities Days Day Total 

General Use 150,000 x $0.52 = $78,000 
Boating and Water Skiing 25,000 x .55 = 13,750 
Camping 50,000 x .50 = 25000 

Rounded to - 
This averages $0.78 per visitor day. 

Lower Gunlock Reservoir - Annual Benefits 
Visitor Value per 

Activities Days Day Total 

General Use 20,000 x $0.52 = $10,400 
Boating and Water Skiing 15,000 x -55 = 8,250 
Camping 9,000 x .SO = 4 500 

Rounded to - - 
This averages $1.16 per visitor day. 

Conclusions 

1. If the reservoirs in the Gila drainage are authorized as presentJy 

planned, they will be important in helping to meet the outdoor recrea- 

tion needs of present and future generations, in the Phoenix-Tucson 

urban complex. 

2. Estimates being developed at this time on recreation benefits 

and on cosA allocations to recreation are, of necessity, tenta- 

tive. The growing importance given to recreation as a project 



purposes of Federally-constructed r'eservpirs makes it necessary 

to make thorough appraisals of the extent to which reservoirs can 

help to meet the need for water-oriented recreation, monetary 

measurement of the benefits derived from meeting such needs, and 

the extent of justifiable Federal investment in recreation as a 

project purpose. These aspects of the project reservoirs, and 

the relationship between Federal and other responsibilities 

for paying the costs of recreation, require thorough review in 

the light of Senate Document 97 of the 87th Congress and the 

inter-Departmental policies being developed to implement that 

document. 

3. The Secretary of the Interior should be authorized to take 

all appropriate steps to minimize damage to scenic qualities of 

reservoir areas. 

4. An analysis is needed of the recreation potentials of the 

Bridge Canyon and Marble Canyon projects to determine whether 

they are of national or less than national significance, so that 

responsibility for the administration of the recreation features 

can be assumed at the appropriate level of government. At the other 

reservoirs, the recreation use is expected to consist primarily of 

day use and other short-term visits from the near-by vicinity. 

Administration of the recreation aspects of these reservoirs 

should be the responsibility of suitable State or local agencies. 



5. Legislation should authorize the Secretary of the Interior 

to investigate, plan, and construct public recreation facilities 

at the project reservoirs. 



Reservoirs in Pacific Southvest Water Plan 

Annual Costs and Benefits for Recreation, 
Exclusive of Hunting and Fishing 

Annual Annual Total Annual Annual 
Dam and Reservoir Capital Costs Q & M  Costs Benefits 

Bridge Canyon 

Marble Canyon 

Maxwell 

Charleston 

Hooker 

Buttes 

Virgin City 

Lower Gunlock 

1/ (TO be determined later)- 

1/ (TO be determined later)- 

$69,700 $36,000 $105,700 

48,200 23,300 71, 500 

15,200 6,700 21, goo 

22,600 15,000 37,600 

25,400 30,000 55,400 

13,800 9,000 22,800 

/ Benefits will be limited to the cost of providing minimum basic 
facilities. 

Source: National Park Service. 
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UNITED STATES 
DEPARTMENT OF THE INTERIOR 

FISH AND WILDLIFE SERVICE 

WASHINGTON 25, D. C. 

IN REPLY REFER TO: 

The Secretary 

of the Interior 

Sir : 

Transmitted herewith is the report by the Bureau of Sport Fisheries 
and Wildlife on Fish.pnd Wildlife in Relation to the Pacific 
Southwest Water Plan. !t!his report was prepared by that Bureau with 
the informal cooperation of the State fish and gam departments of 
Arizona, California, Nevada, New Mexico, and Utah. 

I wish to call your attention particularly to the amounts of water 
proposed in the report for use at State fish and game installations. 
I consider the use of water for this purpose to represent one of the 
more economic and desirable uses. However, it would seem appropri- 
ate for you to withhold your decision on the allocation of water to 
these State installations until you have received the comments and 
views of the Governors of Arizona, California, Nevada, New Mexico, 
and Utah. 

I also wlsh to call your attention to the proposal in the report 
that water be supplied to these State fish and wildlife installa- 
tions on a nonreimbursable basis. Since these installations would 
either mitigate project-occasioned losses or would provide widespread 
benefits to the general public, it would seem in accord with -the 
provisions of the Fish and Wildlife Coordination Act that the costs 
of the water supply be considered as nonreimbursable. 

I recommend that you give favorable consideration to the proposal8 
of the Bureau of Sport Fisheries and Wildlife in this report. 

Respectfully, 

Commissioner C) 
Enclosure 



The Paclffc Soutt~west Water Pl%n could provide splendid and significant 
new qqartunitAos for otatdoor recreation based on f i sh  and vildiif'e re- 
sources, The new reservoirs, toge-ther with fscflft%es planned speciii- 
cally for f i sh  and wildlife, md the management techniques proposed, 
carl greatly isscreees the f ish wildlife resources of the region m d  
the oppor%mftfes for  fishing and hunting, The proposal for the Region 
developed by the Burem of' Sport Pisheries and Wildlife in coopera%Son 
with the state f i s h  end  gmae Bepartm~ts, includes the constm~%$on 0% 
fish hatcheries md fi6ZPfng Pees coupled with a scientific fishery manage- 
ment program to insure that thousands more will have a chance to fish-- 
whether f w  ksout ox for bass or for catfish, It provides for the develop- 
rsent a f  wildlife r~fixges md ether areas together with a scientific wild- 
XXfe nn%taagmenf, grogran to insure that people in the future will be able 
to enjoy t h r su& seeing, photograghirig, and hunting the elk, the antelope, 
%he deer, the qui%$lp the ducks9 the geese and other game which character- 
ize the climte, physiography, a i ~ d  ecology sf the Pacific Sov.thwest, 

Hunting and fishing provf ded about 9.5 million days of recreatf ~n BB 1960 
for the present h u m  population of Pl million. With the population sf 
39 million predicted for the area in 2020, opportunities for hunting and 
fishing to supply 3bou-b 61 ~ l i f ~ n  clays of recreation will be needed by 
that year o Money spent in %he region by hunters asad fishemen in comec- 
tisn with their sgoxts mounted to nearly $50 mil l ion  in 1960 and i s 
expected to exceed $300 million by 2020 if the supply sf hunting 
f i ~ h i a i g  opprsstus,f t a e s  is adequate %o meet the demnds, A major ~ o r t i s n  
sf -these recras%ianel expenditures occurs in the smll communities near 
the hunting and f i shfng areas m d  represent% m important segment of 
their ecormmi es , 

The assurance of a? adequate supply sf f i s h  and wildlife resources to 
meet this future demand for outdoor recreation will require the dedica- 
%ion of water for this purpose. 8kee much of this demand is for water- 
related recreation, it %s essential that  future water-devebspnent pro- 
gram include recreation as a. mJsr purpose along with municipal m~& 
industrial ~ a t e r  supply, hydroelectric power, flood control, m d  Lrri- 
gation. Of these, only water for municipal and industrial purposes 
ranks higher in economic: value than water for fishing, hunting and 
other forms of out.door recreation, according to Dr, Nathaniel Wolbgnasa 
of the University ~f New Mexico, an authority on water-resource economics 
in the Southwest 

me measures gropsed for SnclusPcm 9.n the Pacific Southwest Water PIE 
fncorpar@,%e two Federal fish b.%cher%es, one Federal wildlife refuge, 
two state  f ish  l-mtckae~fes, e%gh% state wildlf fe management areas, and 
79 s t a t e  fishing lakes, The annual cowsmptive water needs of these 
new facilities, when combined with the ex%stfng installations, is es- 
timated at 246,659 acre-f eet . Eowever, of this total, 32,720 acre -feet 



represents exis t ing water use at presint  i n s t a l b t i o n s  and 60,339 acre-  
f ee t  represents water reserved fo r  the Imperial and Havasu Lake National 
Wildlife Refuges by the Supreme Court i n  Arizona qs, California.  Thus, 
the  ne t  increase i n  consumptive use of water f o r  f i s h  ard wildlife i n s t a l -  
l a t ions  under t h l s  proposal w i l l  mount t o  153,600 acre-f  ee t  annually. 

The Cibola National Wildlife Refuge represents t%le most important s ingle  
f a c i l i t y  fo r  f i s h  and wi ld l i fe  En the groposal, This refuge would be 
located along both aides of the  Colorado River about 50 miles upatream 
from Xmperial D m ,  It i s  v i t a l  t o  the  preservation of t he  Great Basin 
Canada goose, whose wintering Baabitat has been severely reduced by cbran- 
nel izat ion and diversions i n  %he lower Colorado River va l leyo  It i s  a l s o  
important t o  other waterfowl. TXae new Refuge would provide excellent , 

new f ishing and hunting nppor.t;unities and other outdoor recreation f o r  
thousands of people, 

+ 

The Cibola Refuge would include some 16,200 acres  of land 8%nB would re -  
quire a diversion of about 27,008 acre-feet  s f  water 0% which about 
14,000 acre-feet  would be for  consmptlve use, A11 of t he  water diver- 
sion and use would occur i n  Arizona, The c a p i t a l  costs  of acquiring 
and developing the Refuge, t o t a l i ng  $2,708,000 would be funded a s  
in tegra l  part of the costs  fo r  implementing the o v e ~ s l l  Pac i f ic  South- 
west Water Plan,  

The f i s h  sind wi ld l i fe  progossl includes several  smaller wi ld l i fe  manege- 
ment areas  in both Arizona and. G&lifsrn%a f o r  saMnis%rst;%on by the  s t a t e  
f i s h  and @me agencieso P ~ e s e  developerata a r e  designed t o  provide fn-  
.cre&ed recreat ional  h . u % i ~ g  opportunit ies i n  %hose portions of the two 
s t s t e s  $aa the  region where such opp8rtm$t%e8 a r e  most, needed, 

The proposal includes a lso  mbs tmt fe lmessu res  t o  meet the  needs of 
the  publfe f o r  recreat ional  f i sh ing  opportuni t ieso Chief mong these 
would be the  provisfon of the water supply f o r  50 f i sh ing  lakes, which 
would be constructed by the Arizona G m e  and Fish Department at et cost  
t o  it of $17.5 mill ion,  \%era completed , % h s e  lakes would supply 2 
mill ion mm-days of recreat ional  fiskalng, mos$ly fo r  t rou t ,  each year. 
Benefits t o  the  over -a l l  plan from %his measure a l ~ n e  a r e  estimated a t  
$6 mill ion mnus l lyo  me L e e s  WQQU ayerage 100 acres  i n  s i ze  and 
would be located i n  the  higher elevations of ArizonaG Most would be 
within 100 miles of t he  Phoenix-Tucm polpu2ation center.  Under t h i s  
proposal, water i n  the mount of 40,000 acre-feet  a year f o r  the  lakes 
woad be provided from the  Central Arizona Project ,  e i t h e r  d i r e c t l y  o r  
through water exchanges, on a laon-seimlaursable bas i s  i n  recognition of 
the  widespread benef i t s  and the heavy fnvestaent by the S ta t e  i n  these 
f a c i l i  ti eso  

The proposal a l s o  inc~ludts  14 fishing lakes i n  Cal i fornia  fo r  constmc- 
t i on  a t  Federal cost  to mitigate losses  t o  ex is t ing  f i sh ing  streams from 
channelization, It provides, as noted, f o r  two Federal f i s h  hatcheries,  
two s t a t e  f i s h  h t c h e r i e s ,  a d  es f f  shery management program t o  permit 
re r l iza t ion  of optimum f ishing oppbrtunit ics on the pro jec t  r e ~ e r v o i r e  



and other waters of the Pacific Southwest, One Federal fish hatchery 
would produce trout for stocking in the colder reservoirs and streems, 
while the other would produce bass and channel catfish for stocking 
in the warmer waters, Access facilities and fishery managment measures 
for each of the major reservoirs are also included in the plan. 

It is to be noted that the demand for water in the quantities indicated 
above for state fiqhing lakes and the National Wildlife Refuges would 
be delayed for a substantial number of years, pending construction and 
developnent. The 50 Arizona State fishing lakes, for exaqle, are 
likely to be constructed at the rrsbte of only two a year--the full demaad 
for water would not be realized for 25 years. Moreover, it is anti- 
cipated that development of the Havasu W e  and Imperial National Wild- 
life Refuges, for wbich the Supreme Court reserved 60,339 acre-feet of 
water for consumptive use, may require as much as 15 years. 

The specific fish and wildlife costs for this proposal would total 
$11,126,000. TMS represents an annual equivalent cost of $350,000. m e  
widespread fish and wildlife benefits w h i c h  would occur on project res- 
ervoirs and elsewhere throughout the region as a result of these measures 
mount to $9,702,300 mually. This is a benefit-cost ratio for the fish 
and wildlife aspects of the plan of 27 to 1. In other words, each dollar 
spent for specific fish and wildlife measures would create $27 in benefits. 
In terms' of recreation, these benefits would represent 3,735,300 ma- 
days of incrysed hunting and fishing and an measured but substantial 
increase in othe~ forms of outdoor recreation related to fish and wild- 
life throughout '%he region each year. 

Details of this fish and wildlife pr~posal are contained in the underlying 
report. 
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The heavy use of the  shorelands and water of an 
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FISH hlPlD WILDLIFE IN RETATION 'Dl 
TI3IE PACIFIC SQUTMJEST WATER PLAN 

Chapter I, The Resources --- 
Fish and krPPdbife are kmgorhnt renewable resources of the Pacific South- 
west, a large region of the United States, The area under consideration 
is outlined on the General Map of Fish and Wildlife Features of the 
Pacific Southwest Water Plan found at the end of this report. It covers 
most of Arizona, a substantial part of southern California, and smaller 
sections of southern Hevada, western New Mexico, and southwestern Utah. 

The burgeoning populaeatioa of the region shows great interest in fish an4 
wildlife, especially in the species prized for their sporting attributes, 
By the year 2020, the present population of U,OOO,O00 is expected to 
reach 39,OOO,OOO, In 1960, about 7,000,00Q days were spent by fishermen 
in pursuit of their favorite recreation and hunters spent about 2,500,OOP 
days afield, It iss estimated that by 2020 there will be about 45,000,000 
days of fishing and ~6,000,000 days of hunting. 

Such estimates gauge the magnitude of participation in these outdoor activ- 
ities but measure neither the demands nor the desires of the exploding 
population of the region. For example, the large population of southern 
California finds limited opportunities for fishing and hunting close at 
hand. The consequence is that the people of this heavily-populated area 
do most of their fishing and hunting out~ide at considerable distance, 
Idany coneentrhtte in M o m  and Inyo Counties and along the Lower Colorado 
River but others fan oat into northern California, contiguous states, and 
throughout the West, Still others cross the border into Mexico and. go 
fishing in the GUM of California, Memy also fish the offshore waters 
of the Pacific Oeew. 

While statistics of the kind noted do not measure the entire interest 
of the population st large, they do provlde a significant measure of the 
economic imnportaatx of fishing and hunting in the Pacific Southwesto 
There can be no question of this importance. Such activities contribute 
materially to the economy of the region through the purchases of fishing 
tackle and sporting arms and aniznunition; food, fuel, and other supplies; 
licenses and fees; vehicles and trailers; the hire of services and equipment; 
arid the rentals of motels, cabins, and other hostelries. 

UnderetandarbBy, the interest in fish and wildlife goes beyond #at shown 
by f'isheiaen and hunters, From all walks of life, people of the Pacific 
Southwest find interest in such highly satisfactory activities as observing 
and studying fish and wildlife and especially birde, They belong to 
clubs dedicated to exchanging information on identification and various 
other aspects of avian life histories including the occurrence, migration, 
and numerical ~bmdwnce of birds, to mention but a few facets of bird 



study. Others in turn derive great satisfaction in wlldlife photography, 
taking nature hikes, reading about wildlife, a d  attending lectures and 
movies, Many other e b i l a r  activites could be described. And in one way 
or another, the exercise of this interest contributes to the well-being 
of a large segment of the growing population of the Pacific Southweet and 
to its economic bloodstream. 

It wlll be difficult to meet the future demands of fishermen and hunters 
and of that large seeplent of the population that has other sympathetic inter- 
ests toward fish and wildlife. Present d d s  are not being met, and there 
is little likelihood that those of the future can be met. And yet, because 
of the importance of fish and wildlife to the economy of the region, efforts 
should be renewed to capitalize on all available opportunities to provide 
more and adequate fish and wildlife habitat and, concomitantly, more space 
in which to fish and hunt and study, For these purposes, land is important 
and water even more so in the arid Pacific Southwest. 

M s  tribution 

The Pacific Southwest is a region of great contrasts in physiography, 
climate, and vegetation. !There are vast deserts; mountains that are barren, 
some that are sparsely forested, and still others that are forested; fertile 
agricultural valleys; open foothills and those covered with chaparral; deep 
gorges of the Colorado River; and cold deep-water lakes, many of which are 
man-made. It is a region where precipitation for the most part is extremely 
low and yet contains sections where rain and snow are fairly heavy. With 
such extremes, there is a variety of plant life and habitats and of fish and 
wildlife species. 

Several species of trout occur in the Pacific Southwest. In the high-country 
streams of the cool forests, rainbow, cutthroat, brook, and brown *out are 
commonly caught. And in the cold impounded waters of the Lower Colorado 
River and the cool reaches of the river below the dams, rainbow trout reach 
good size and provfde very attractive fishingo 

For the most part, however, introduced wsnnwater fishes predominate in the 
waters of the Pacific Southwest. Lake Mead, back of Hoover Cam, is justly 
famed for its excellent largemouth bass which are found as well in many 
of the other impoundments and rivers of the area. Smallmouth bass, 00 
highly regarded, are more restricted in range and are limited to such 
locations as the Verde River in Arizona and the lower reaches of the 
Colorado River, 

IRSR glamorous than the basses perhaps, bluegills, crappies, and sunfishes 
abound in the warmwater lakes and streams. They provide much sport to 
thowands of young and adult fishermen alike, Channel and other catfish 
too can be caught in many of the streams and yellow bass are taken locally 
in a few waters. 



The heavy use of the shorelands and water of an 
outstanding fishing reservoir used mainly by 
Southern Californians suggests tremendous 
demands for  future years. Fishing not only w i l l  
be limited by the  supply of available water but 
by the  pressure of competitive recreat ionis ts  . 



Nearly dl of the important f i sher ies  of' the Lower Colorado River and 
i ts  reservoirs and those of the SaPton Sea i n  California have resulted 
from man's e f for t s ,  Reservoirs a d  water regulation have created the 
present favorable envirorxneaats and f i shes  have been introduced md managed 
t o  provide the preseaat productive f i sher ies ,  I n  addition t o  the common 
warmwater fishes,  notable introdu@tiom include rainbow t rou t  i n  sui tably 
cold waters of the Colorado River below Hoover , %Iru.esMirn shad as forage 
for game f i s h  i n  the Lower Colorado River system, w d  srmgemouth corvina and 
smgo i n  the Salton Seao Striped bass have been iwtrduecd i n  the Lower 
Colborado River and have produced catches 0% good-sized f i s h  although proof 
of a sustaining population is  Backing, 

Some forms of wildl i fe  of the Pacific Southwest are migratory, others 
are not, Most are inaigenoars t o  the region, The resident game consists 
of u p l a d  game and big gearme, The wiM turkeyg classed as b ig  game i n  
sgme s ta tes ,  is  a highly regarded species, POP" the most part,  it inhabits 
forested country and furnishes se l ec t  hmt8ng for severalb thousand sports- 
men. 

Unspectacular and often taken f o r  granted, the co t tonta i l  rabbi t  probably 
i s  the most important small-geme animal of dl. It is  found throughout 
the region. Gambells, scaled, Mearm, mountain, and val ley quails provide 
much sport  thoughout portions of the area and squirrels  a re  hunted i n  
some loca l i t i e s ,  Pheasants a l so  w e  hunted on a limited basis  i n  some 
res t r ic ted  areas, notably where planted i n  the Imperial Valley sf 
California. Some foreign $me b i rd  introOauetioaas, such as chukw par t -  
ridge, show promise of adaptation i n  r e s t r i c t ed  weas,  

Mule deer, javeliner, elk, white-tailed deer, deser t  bi orn, antelope, 
black bear, mountain lion, and even bui"falo on a very l imited basis, 
provide hunting. Deer a r e  the most popular a i m k s  and a re  ppesent i n  most 
par ts  of the Pacific Southwest, Javeliaaan, the l i t t l e  wild pigs of the 
desert, provide a unique a t t rac t ion  a%$ sf their om, Within the region, 
they are  fop the most p w t  confined t o  the  southern thin°& of Arizona. Coues 
deer, a l so  called fan-baiPs or Sonorm whitetails,  inhabit  most of the south- 
ern mountains of Arizona and are found as well i n  the northern per t  of the 
s t a t e  don$  the h!ogo1%0n Rime 

Wtenninated at  one time, e l k  have been suceessfdby reintroduced i n  the 
timbered mees of northern Arizona andl western New Mexico, Desert bighorns 
are  staging a c~mebmk i n  &imna and hmt ing  of these prized animals i s  
allowed on a l i m i t &  basis,  SmalB, well-sustained populations of bighorns 
also occur i n  southern California h e r e  they provide celebrated ta rge ts  
f o r  s ta lking w i t h  telescope and camerae Hunting bi@oma is prohibited 
i n  California* 

Dcbve hunting is  very popular throughout much sf the Pacif ic  Southwest. 
Mourning doves and white-winged doves w e  important species* Focal points 
for  dove-hunting include the G i l a  Rives bebow Phoenix, k i z o m ,  along the  
Colorado River between Needles, Galifomia, m d  Y w ,  Arizona, and i n  the 



Irnnperial Valley in California, Southern California provides some band- 
tailed pigeon shooting as well, 

The Pacific Southwest contains wintering areas for ducks, geese, and other 
water-loving birds especially along the Lower Colorado River and in the vi- 
cinity of the Salton Sea where the marshes, lakes, reservoirs, and other 
water areas provide good habitat, Much reduced in comparison w i t h  historical 
times, available waterfowl habitat in recent years has taken on significance 
because of its present limited extent. Hunting ducks and geese remains 
in high favor in the Pacific Southwest. 

Fur m i m h s  of the region do not have the economic importance they have 
in other sections of the United States but are of interest to s l-ge 
eeepnent of the human population and erdd variety to the wildlife of the 
region, Muskrats, beavers, raccoons, opossums, bobcats, coyotes, and ring- 
tail.& cats are  part of the larger and more commonly recognized fauna of 
the Pacific Southwest, and coati-mundi are found in the extreme southern 
part sf' Arizona and possibly the southwestern part of the region in New 
Meyrioo. Minks arc not uncommon in some localities while badgers and 
skunks m e  common in most of the region, The ubiquitous gray foxes and 
the desert-dwelling kit foxes also occur in the Pacific Southwest. 

Rec~gnizing the g~eat interest in fish and wildlife resources, the 
W e a u  of Sport Fisheries and Wildlife and the several ftate fish and 
game departments have expended much effort and money to meet the increasing 
demands for fishing and hunting in the Pacific Southwest, 

Broadly viewed, the programs of these agencies fall into several categories: 
regulation, habitat management and improvement, introduction and stocking, 
and research, The chief concern here is that adequate land and water be 
allocated and maintained to meet the human wants related to fish and wild- 
life, Because of its scarcity, water is of critical importance to fish and 
wildlife of the Pacific Southwest, yet the increasing attrition of the 
habitat of such natural resources for the so-called higher uses of man must 
be reckoned w i t h  here as elsewhem, 

Toward the end that land and water may produce more fish and wildlife, the 
Bureau of Sport Fisheries and Wildlife and its state counterpmts have shown 
great interest in the habitst, the physical plant on which fish and wildlife 
a m  so dependent, Lands have been purchased and leased and agreements enter- 
ed into with the objective of producing more of these resources and, re- 
lstedly, space in which the public may fish and hunt and otherwise enJoy 
f i sh ernd wildlif'e, 



Some of the f a c i l i t i e s  and ins ta l la t ions  developed and managed are  
single-purpose i n  nature, expressly designed fo r  be t te r ing  part icular  
f i sh  and wildl i fe  environments, Many more are  related t o  other purgoses 
wherein f i s h  and wildl i fe  habi tats  a r e  important but essent ia l ly  b3:products 
of projects b u i l t  for such other purposes. In  the  f i r s t  category a re  f i s h -  
ing lakes developed with dtate f i s h  agd game funds primarily for  fishing. 
I n  the second a re  Federal wildlife refuges which were made possible by 
reservoirs impounded for the primary purposes of providing municipal and 
i r r iga t ion  water, generating hydroelectric power, regulating r iver  regimens, 
and controll ing floods. Additional examples could be given, 

Augmenting the e f for t s  at  developing and improving habi tat  fo r  f i sh  and 
wildl i fe  a re  such f a c i l i t i e s  as Federal and s t a t e  f i s h  hatcheries and 
s t a t e  game farms. The output of such ins ta l la t ions  serves the propagative 
needs for  stocking and replenishing developed areas  fo r  f i s h  and wi ld l i fe ,  

To date, these complenentary Federal-state programs have not kept pace i n  
supplying the wants of the public they serve. Additional water and lands 
a re  needed, as indicated i n  succeeding pages. 

The location of these existing ins ta l la t ions  i s  shown on the  map at the  end 
~f t h i s  report. 



Chapter 11, Water - Present Uses and Future Needs 

The scarcity of water in much of the arid Pacific Southwest presents grave 
problems for the agencies concerned with fish and wildlife conservation. 
Programs to better fish and wildlife environments are severely hampered by 
lack of water, 

Because of its scarcity in much of the arid Pacific Southwest, water for 
fish and wildlife takes on special significance, Its ImpoP-tbmce and rela- 
tionships to such resources are sharp and distinct and it is axiomatic to 
think of these resources in terms of the location of water, its availakil- 
ity, and its quality. 

Fort~tely, m y  multiple-purpose projects designed and operated for such 
puqoses as domestic water, irrigation, hydropower generation, flood control, 
and other uses provide much suitable habitat and hence many fish a d  did- 
life benefits, Many of these benefits, however, could be materially 
increased by taking proper measures in the interest of wise fish a d  
wildlife use. 

Some of these measures include the establishment of basic conservation 
(minimum) pools of adequate size, releasing flows at appropriate tfmes, 
and the opening to fishing ~f reservoirs presently closed, The restor- 
ation of badly depleted streams offers other possibilities, and provisions 
for access should be incorporated into project plans wherever possible. 

The maintenance of fish conservation pools in numerous reservoirs primar- 
ily used for other purposes can largely be accomplished by coordinated 
operation during most years, Storage and withdrawals can be managed to 
mimize the fishery use of the reservoirs. Extreme drawdowns in crit- 
ically dry years will still occur in some reservoirs, but even they can 
be synchronized to same extent with rough-fish control measures. 

The required allocations of storage for fish conservation under coordin- 
ated operation of a large group of reservoirs are small* The water 
requirements for evaporation from such storage also are -11. On the 
other hand, in the case of uncoordinated operations sf individual reser- 
voirs operated by various individual agencies, the mintenance of minimum 
fish conservation pools may require substantial quantities with specific 
allocations in the reservoirs. 

While the larger multiple-purpose prodects of the Pacific Southwest offer 
good possibilities for creating fish and wildlife benefits, the smaller 
single-purpose facilities and installations as a rule do not. In the 
broad spectrum of current water use in the arid Pacific Southwest, such 
fish and wildlife facilities and installations are supported by a slender 
thread indeed, Altogether too often the water they use is not comensur- 
ate with their importance, 



t t  inimy t h e  Jjixrcau of S&,oS"t Ff ~her i t : t j  and t h e  state 2ish and 6t3xne dcpartrmnta 
have going proglv.ms and glans covering the acquisition, development, and 
management of areas as fishing lakes, wildlife refuges and management areas, 
and facilities like fish hatcheries* In the Pacific Southwest, the present 
and future areas with wliich they are concerned are taking on more and 
more significance as foci of faunal life and of recreational interest. 
They will become increasingly important as the human population of the 
Pacific Southwest continues to expand. 

Except for the raising of agricultural crops to feed wildlife on refuges 
and management areas and evapo-transpiration on ponds, lakes, and marshea, 
consumptive use of water by the installations designed araund bettering 
the environment for fish and wildlife generally is minor, On fish and 
wildlife areas, the use of water is often but little in excess of natural 
evapo-transpimtion losses. In fact, it is not unlikely that, in m y  
cases, development has decreased such losses throu& manipulation of plant 
cover and elimination of water-wasting plants having low value to wildlife, 
Fish hatcheries need firm supplies of water of the right quantity, quality, 
and temperature, but the amounts so needed while imn$or.t;ant aye 1~c2at3 ve3.y 
negligible in quantity and in the main, non-consumpti~t. Ae for the 
aggregate amount of water currently used on all installations, the total 
is low and does not reflect the role and importance of fish and wildlife 
resources to the economy of the Pacific Southwest. 

An analysis of the present water uses and f'uture water needs for fish and 
wildlife facilities and installations in the Pacific Southwest is presented 
below, 

Lower Colorado River - 
The Willow Beach National Fish Hatchery is located in Arizona. 14 mflea below 
Hoover D m  on the eastern shore of Le&e Mohave. It has a productigol of 
about 250,000 pounds of rainbow trout per year, the output being used for 
the most part in stocking the cooler waters of the Lower Colorado River. 
Its water requirement of 35 second-feet of water, a non-consumptive use, 
is met adequately by pumping from the river, 

A national fish hatchery with an annual production of 250,000 pounds of 
trout should be established along the Lower Colorado River. Its output 
would meet the need for stocking waters affected by water-resource develop- 
ment proposals planned for central and southern Arizona and the Lower 
Colorado River itself* A non-consumptive use of 25 second-feet of water 
of good quality with a temperature range of 50-650 would be required, 

Another new national fish hatchery, for warmwater species, is needed to 
produce 100,000 pounds of channel catfish and 5,000 pounds of bass for 
stocking in areas bordering the Colorado River, mainly in Arizona, An 
annual diversion of 2,000 acre-feet with a conswqttive use of 1,000 acre- 
feet annually would be needed for this facility. 



The Havasu Lake National Wildlife Refuge is a 44,430-acre ares along the 
ColoraBQ River extending 55 miles from Parker Dam to the upper end of 
T~pock &ampe This important installation was established in 1941 cm 
Wsasu Lakee, the Reclmmtion reservoir back of Parker Dan, as a winter- 
ing rebge for waterfowl and other migratory birds traveling %he Pacific 
flmy, It is of special value to the Great Basin Canada goose, C m -  
patfble public uses are fishing and hunting, pictafcklng, s-ng, 
boating, end water-skiing. Hqting is permitted at speciflea locations 
on the refuge, Currently U s  refige makes little or no consrrmptfve use 
of Colorado River water. There is as agreement signed by the Secretaq 
of the I&zior permitting a 35-second-foot diversion only. Water is 
needed on the Havasu Lake Refuge for ponding and the raising of agricul- 
tural food crops to feed waterfml. For these purposes there is m annual 
need of 41,839 acre-feet of Colorado River diversion or 37,339 acre-feet 
for consumptive use, whichever is lesso These cuno~~]~ts were recognized in 
the Supreme Court Decision of dune 3, 1963, kizonca la. Caufornia, at ale 

!The Imperial National Wildlife Refuge is a 43,382-acre unit also along 
the Colorado River, It extends from below Imperial Dam upstream approx- 
bnately 36 miles. It serves the sane purposes as the Havasu W e  Refuge 
and permits similar compatible uses. Like the Havasu Lake Refuge, it was 
established in 1941 on a Reclamation impombent, in this instance on the 
Imperial reservoir. There is no current consunptfve use of water on this 
refhge, Needed is an annual diversion of 28,000 acre-feet of Color& 
Rfver mainstream flow or 23,000 acre-feet for consumptive use, whichever 
is less, These mounts also were recogpized in the Supreme Court Decision 
noted above. 

Tbe Salton Sea National Wildlife Refuge, a, 36,507-acre area, is located at 
the southern tip of the Salton Sea in California's W'perial Valley. It 
was established in 1930 primarily as a wintering ares. for an important 
segment of the birds of the Pacific Flyway. Over the years, the inflow of 
agricultural spillw&ter has raised the sea level, gradually inmbting 
all of the original refuge area, At present, 4,097 acres are leased from 
the merial Prrigation Districto Portions of the refuge have been opened 
some years to waterfowl hunting. The Salton Sea Refuge consmptively 
uses 3,000 acre-feet of water ~ ~ l l y  under olperations that have been 
restricted by enproadanent of the Sea onto areas managed previously. The 
water is purclhased from the irrigation dAstrict. For more intensive water- 
fowl development and management, the refuge will require a consmpt%ve use 
of 6,000 acre-feet a year to produce the required waterfowl foodsa 

A new unit in the national a y s t ~  of wilufe refuges, s 16,~20-acre 
wintering reage for waterfowl and migrating birds to be known as the 
Cibola Hatioral Wildlife Ref'uge, is proposed along the Colorado Rfver 
just above the Imperial National Wildlife Refuge, Optbm operation of 
the proposed unit w i l l  require an estimated 27,000 acre-feet of water per 
i?taum diverted frcm the Colorado River and requ%r%ng a consumptive use 
of 14,000 acre-feet a year for the growing of waterfowl food crop, 



A t  %Be present t4ae, the Arfzona W e  md Fish. Dap~rtmen$ 'has %bee  water- 
fowl management areas along the Colorado mvar, Totaling k, lbl %eres, 
they are called the Mittry Lake, Ciboiba Valley, and Topscb Wxtcrfawl and 
Hamgenzent Areas. The Cibola ares. has a crop-raiafng coaswaptfve use of 
about 4,000 acre-feet a year, the other $WQ areas, none, To develop arnd 
p r ~ p e r l y  manage these areas, there is a need for a &ivers%~n of l j l O O O O  
acre-fee% annually, of which &a% 8,000 acre-feet would be used conslamp- 
t fve ly  t o  raise agrfcultur~11 mterf"QW1 food crops, flooding marshes, and 
&ntafm%ng water levels, especially in Hittry L a l ~ 6 3 ~  

The California Pieh md W e  Department has its 11,893-acre Imperial Water- 
fowl Wsgcs~en t  Area wkefeh is sdjocenn% t o  the $sl$on Sea, The cwrent  
consumptive use i s  &bout 9,800 acre-feet &r888ualyo To develop aarnd gaanage 
%he area ful ly,  a consmptive use sf 20,080 acre-feet &mm.mBly i s  needed, 

Lower Colorado R f  ver Tributarf es 



The Alchesay Natioual Fish Hatchery is located about 5 miles from White- 
river, Arizona, also on the Fort Apache Indian Reservation. It, too, 
produces trout, with an average production of 150,000 pounds per year. 
This hatchery operates under a water agreement similar to the one for the 
Williams Creek Hatchery. Alchesay uses a flow averaging about 12 second- 
feet, The supply is adequate and non-cou,s:~piive. The fish are dis- 
tributed as are those produced at the Williams Creek Hatcheryo 

The Arizona Geme and Fish Department maintains three trout hatcheries, 
the Sterling Springs, Page Springs, and Tonto installations, all located 
in the north-central part of the State. These units produce a total of 
235,000 pounds of trout per year. Throughout much of the year, the 
Sterling Springs Fish Hatchery uses a constant flow of 1 second-foot; 
the Tonto Fish Hatchery, 2 second-feet; and the Page Springs Hatchery, 
20 secqnd-feet. Water supplies for these hatcheries are non-consrrmptive 
and adequate. 

On the tributary waters of the Txrwer Colorado River, Arizona has developed 
15 fishing lakes totalling 1,734 surface acree. On these lakes, some of 
which were planned in conjunction with Larger multiple-purpose reservoirs, 
there is a consumptive use, due to evapo-transpiration, of 8,700 acre-feet 
a year. These fishing Uses have reasonably adequate supplies of water. 

The Arizona Game and Fish Department plans on developing 50 additional 
lakes with a total surface acreage of 5,000, For these lakes an initial 
diversion of 60,000 acre-feet would be needed. Thereafter, 40,000 acre- 
feet a year would be used consumptively. 

Arizona also operates seven wildlife management areas, chiefly for water- 
fowl, totalling 2,140 acres, having an annual consumptive use of 5,400 
acre-feet. A need exists for an annual consumptive use of 11,000 acre- 
feet, largely for growing agricultural food crops, ponding, and stabilizing 
water levels. 

The New Mexico Gane and Fish Department operates the Glenwood Fish Hatch- 
ery near Glenwood, New Mexico. A redistribution center for trout, it uses 
a non-consumptive flow up to 2 second-feet to maintain its annual output 
of 15,000 pounds. Needed is an appropriate flow of 10 second-feet. 

The Hew Mexico Department also has developed two fishing lakes, one of 
22 acres and another of 70 acres. Consumptive use is around 500 acre- 
feet a year. Water supplies appear to be adequate. 

Mew Mexico sees the need for five additional fishing lakes with a total 
surface acreage of 500 acres. The estimated water need is a total diver- 
sion of 6,000 acre-feet with a consumptive use of 4,000 acre-feet annually* 

The I'kd Rock Public Hunting Ground, a 2,269-acre area, lies in Hidalgo 
County, New Mexico. Recently aciuired by the New Mexico Game and Fish 
Dqartment, it provides public hunting for chukar paltridge and scaled 
q u a i l ,  It is expected that the installation will be used in the near 
f'uture as a holding area for exotic big-game species with which New Mexico 



hopes to ex2eriment. A paskure of 40 acres will be developed using a 
water right for I26 scre-feet per year. The supply is adequate for this 
unit. 

The New Mexico Department also would like to develop a 300-acre water- 
fowl mragciraent area at the upper end of Booker Reservoir. This unit 
would require an annual aonsumptive use of 1,800 acre-feet. 

Southern California 

CaliforniaPs Fillmore and Mojave Fish Fiatcheries near U s  Angeles derive 
7 arid 14 second-feet sf flow, respectively, from wells. The water is 
returned to drains from which it is divested for other uses. The State's 
Chino Fisheries Base, a cabination fish distribution and manage2nent re- 
search station, uses up to 1 second-foot from welle, w i t h  little consump- 
tion. The Fillmore and Mojave trout-rearing installations each will 
require a doubling of capacity and water use, raising their water demands 
to 14 and 28 second-feet, respectively. The operations will continue to 
be mainly non-consumptive. The Fillmore and Mojave units produce a totab 
of 265,000 pounds of trout a year. 

The C&lifornia Department anticipates it may need new hatcheries in con- 
nection with the California aqueduct system reservoirs. A trout hatchery 
would require 25 second-feet of water of high quality but essenteslly would 
have no consumpitive use. A wanawster fish hatchery also may be needed, 
Xt would require about 6,000 acre-feet of water annually most of which 
would be consumed. 

The California Fish and Game Departanent has developed nine small fishing 
Uses totalling 333 acres, on wMch it has provided fishing access and 
public facilities, The annual consumption is about 2,000 acre-feet a 
year. Water supplies for these lakes appear to be adequate. 

It is anticipated that the California Department wi l l  create 10 additional 
small fishing lakes totalling 500 surface acres in southern California 
outside the Colorado River drainage, These lakes will require annual 
consumption of about 2,000 acre -feet 

A sumanary of present water apses arnd future water needs for Federalaad 
State fish and wildlife installations appears in Table 1. This summary 
does not include all of the Federal and state fish and wildlife installations 
in the service area of the Pacific Southwest Water Plan. The units listed 
are limited to those related to water resource development. 

The overall estimate of consumptive water use in the amount of about 246,659 
acre-feet is an estimate of the total amount of water needed by the various 
fish and wildlife installations listed. The 2l2 second-feet is a non- 
consumptive requireaent. 



the total indicated consumptive use requirement of 246,659 acre-feet 
the W l e ,  32,720 acre-feet specifled as present use representer valid 
.sting uses. In addition, the Supreme Court Decision of June 3, 1963, 

~rizona-..t. Cafifornia, et al, vests 60,339 acre-feet for consumptive 
use for the Havasu Lake and bperial National Wildlife Refuges. The 
32,720 acre-feet added to the 60,339 acre-feet specified in the Supreme 
Court Decision totals 93,059 acre-feet already in -lid and existing 
rights for fish and wildlife installations. This flgure subtracted frau 
the 246,659 acre-feet shown in the table leaves 153,600 acre-feet as a 
net new requirement of water for consumptive use for needed fish and 
wildlife installations in connection with the Pacific Southwest Water 
Plan. 

Much of the anticipated consumptive use is represented by waters f r m  
fishing lakes and other instalhtions which through seepage and percola- 
tion return to the ground water supply of the Pacific Southwest. Addi- 
tionally, a substantial amount of the consumptive use is represented by 
evapo-trauspiration losses which will occur on managed niarshee, pools, 
and croplands to be developed on Federal wildlife refuges and state wild- 
life maaagement areas, but which will represent no net increase in the 
evapo-transpiration which exists in the absence of such developerits at 
the planned sites. In some instances, the evapo-transpiration at these 
developed sites will be less than that which occurs under natural conditions, 



Table 1. Water - Present Uses and Future Meeds 
of Fish and Wildlife Installations 

Pacific Southwest Water Plan 

Installations Present Annual Water Uses F'uture Annual Water ~eedsg 
No o Acre -ft , Set* -ft, No, , Acre-ft, Set,-ft, 

Units Acreage (Conswp. @on-consump . Udts ~crea~el/ (consump. @on-consump. 
Use ) Use ) usel 

bwer Colorado River 

Federal fish hatcheries 
Federal ref'uges 
State fishing lakes 
State wildlife mgt, 
areas 

mwer Colorado Re Tribs. 

Federal fish hatcheries 
State fish hatcheries 
State fishing lakes 
State wildlife mgt. 
areas 

Southern California 

State fish hatcheries 
State fishing lakes 

1 
'Present annual water uses included. 

'If water is available, some units may increase in acreage, as &n the case of state wildlife management areas. 



Table la. Water - Present Uses and Future Meeds 
of Fish and Wildlife Xnstallations 

Pacific Southwest Water Plan 
(BY States)  

Instal lat ions Present Annual Water Uses Puture Annual Water Meeds1/ 
No. Acre-ft . Sec. - f t .  No. Acre-ft Sec. -ft. 

Units Acreage (ConsumPo  on-consump, Units ~ c r e a ~ e g  ( Consump. (Mon-consump. 

Lower Colorado River 
A r i  zona 

Federal d 559337 - - 70 a 68,337 759 339 9 5 
- - State 3 4,141 4,000 3 4,141 8,000 - - 

California 
Federal 
State  

Nevada 
State  

Lower Colorado Re Tribs. 
A r i  zona 

Federal 2 - - - - 16 2 - - - - 16 
State  25 3,874 14,100 23 75 8 9  874 59,700 23 

Mew Mexico 
State  4 2,361 620 2 10 3 9  161 5,620 10 

Southern California 
State 12 333 2,000 22 24 833 lo9 000 68 - 

~ o t a l s  5 2 9  156,726 32 9 720 133 1 4 4 g  2059526 246,659 212 

upresen t  a n n u l  watec uses  included. 
91f water i s  available, some uni ts  may increase i n  acreage, as i n  the case of s t a t e  wildlife management areas. 

d ~ a r t s  of two units  a re  i n  both California and Arizona. 
' 

u p a r t s  of a proposed unit  a re  i n  both California and Arizona. 

d u n i t s  both i n  Arizona and California counted once only. 



Planning fo r  t h e  resources of the Pacif ic  Southwest 
should consider, among other things, the  needs of 
t h i s  boy and boys of future generations. 



Chapter 111. Plan of Development 

Dmediate Action Program 

The immediate action program of the Pacific Southwest Water Plan would: 
(1) create nine reservoirs which because of their locations, intended 
operations, and generally high minimum pools will support substantial 
fisheries without important loss of stream fisheries or wildlife, (2) 
distribute waters into areas germltting improvements of fishing in 
existing reservoirs and providing opportunities for establishing new 
fishing lakes and wildlife areas, and (3) present problems of potential 
W a g e  to essential habitats of fish and wildlife through water reclama- 
tion and salvage. 

A brief analysis of the effects of the major project units follows: 

Central Arizona Project 

Maxwell Reservoir 

The reaches of the Verde and Salt Rivers to be inundated by this proposed 
reservoir are intensively used for family-type fishing in conjunction 
with picnicking and cmping, Largemouth bass, channel catfish, sunfishes, 
and several species of nongame fish such as suckers and carp comprise the 
catch, The proposed reservoir should provide good fishing for largemouth 
bass, white crappies, sunfishes, and catfishes. Located at the edge of 
the Phoenix metropolitan area, the impoundment should receive heavy ffsh- 
ing. Eelatively minor losses of hunting will occur. Some Ganbel's quail, 
mourning dove, and white-winged dove hunting will be lost. No signifi- 
cant waterfowl hunting is expected to occur on the reservoir. 

Buttes Reservoir 

Fishing today in the reach of the Gila River to be inundated is insig- 
nificant. The water is muddy and productive for the most part of non- 
game species. The reservoir should receive extensive use by fishermen 
from the Florence-Coolidge area as well as Tucson, -el's quail, msurn- 
ing doves, and white-winged doves are hunted to same extent in the res- 
ervoir area and this huntf ng will be lost. Some waterfowl will undoubtedly 
use the reservoir but no hunting of consequence is expected. 

Hooker Reservoir 

Some channel catfish m d  other fishing takes place in the Gila River with- 
in the reservoir site. But its loss will be more than compensated by the 
largemouth bass, channel catfish, and other warmwater fishing on the pro- 
posed reservoir, Fishing waters are scarce in this section 6f Arizona 
and fishermen should make good use of the reservoir, Some scaled quail, 
cottontail, and mourning dove hunting takes place within the reservoir site. 
6t will be lost by inundation, No extensive waterfowl hunting is expected, 



Charleston Reservoir 

The Sari Pedro River i s  muddy and often dry i n  t h i s  reach, There i s  
v i r tua l ly  no fishing. Om the other hand, the reservoir should provide 
good fishing for  largemouth baas, white crappies, a d  chamel catf ish.  
Located i n  the  southeastern corner of Arizona where there i s  l i t t l e  
good fishing, the reservoir should be $%shed intensively,  Sme hunt- 
ing  of jsvelfna, deer, @%.&el's quail, murniag doves, white-winged 
doves, md cot tontai ls  w i l l  be l o s t o  No Bunting of s i g n l f i c ~ n c e  i s  
attached t o  the reservoir, 

Bridge Canyon 

This reach of the Colorado f l y e r  has extremely l imited access and very 
l i t t l e  f ishing takes place todayo With hpoudment, the reservoir and 
ta i lwater  w i l l  be stocked w%%h ranbow t rout  and f ishfag should be good. 
m e r e  i s  v i r tua l ly  no hmt%ng i n  this s tretch s f  t he  Colorado River and 
l % t t l e  or none i s  e q e s t e d  w%$h the reservoir,  

Dixie Project 

A few t rout  a r e  present in $be S m t a  Clare River within the progect area. 
FisMng f s &.nor although commercial f ishing fo r  b a i t  dnnows i s  impor- 
tant, bvfmg a m r k e t  value of $10,000 ~mnually,  Two reservoirs a re  pro- 
posed, the Lower C U o c k  a d  %he V L r  n City, Co l l ec t f~e ly ,  they should 
provide some good ffshfng but the b a f t  f ishery w i l l  suffer with &out 
one-half being I s s t ,  A t  the present t ine ,  pheasants, G a b ~ l ' s  q m i l ,  a d  
w&ter%owl o f fe r  &attrsc&ive hunting, With more irrigat%on, gme-bird fnabltat 
w i l l  increase and hunting should inprove, 

Southern Nevada Water Supply --- 

The offstkern River Mom-fns Reservoir should support a put-and-take 
t rou t  fishery vhere no fishing ex i s t s  a t  the present tfme, Bunting i s  
v i r tua l ly  nsn-existent i n  $he affected a r e s  and no si i f icant  c-ge i s  
expected w i t h  %he grojec%, 

To real ize the benaefi$s l%ated in. Table 2 , ' ce r t a i e  means a d  measures should 
be taken during the h e U a % e  action phase of the Pacific Southwest Water 
Plan. Fish ha%cher%es should be b u i l t  $0 stock bpotended waters, coarse 
f i shes  should be @oaatro11ed thsoaa& careful  a d  select ive netbBodsp and 
access guad public-use f ae i  l%t%es  should be provided, In addition, f i shery  
~lanebgenent iravestfgatfons of reservoir waters md those on Indian lands 
will be necessary t o  chart the course for  ing the f i sher ies  sf these 
new waters. Wildlife managemen% areas sh e developed m d  maintained 
and other comparable Baeasures taken, A new Federal refuge should be b u i l t  
along the Lower Colorado River t o  compensate fo r  the wintering M i t a t  
l o s t  along the r iver  and f~ves t fga t%ons  should be ins t i tu t ed  so that pkre- 
atophytes may be cm.&rolled without ge %o wi ld l i fe  b b f t a % .  



Benefits 

m e  annual f i s h  and wildl i fe  benefi ts  associated with t h i s  Plan a re  indi -  
cated i n  Table 2. They are  contingent on the inclusion of the par t icular  
f i s h  and wildl i fe  measures l i s t e d  i n  Wble 3, Specific Fish and Wildlife 
Costs, Immediate Action Program. 

Table 2. Annual Fish aad Wildlife Benefits 

Project Fishing & Bunting Annual 
@=-days Benefits 

Central Arizona 
Maxwell Reservoir 
Buttes Reservoir 
Hooker Reservoir 
Charleston Reservoir 
Bzidge Canyon Reservoir 
Arizona Fishing Lakes 

Marble Canyon 

B i  xie - 68,300 68,300 

Southern Nevada Water Supply 
River Mountains Reservoir 

California and Arizona . - - -  - -  ---. ~ 

W i l a i f e  management areas 

yCovers hunting use; other f igures  i n  column cover f i sh ing  use. 

S ~ e c i f i c  Fish and Wildlife Costs 

The specif ic  costs of' f i s h  and wildl i fe  measures a r e  indicated i n  !Fable 3 
and explained. i n  the  t ex t  following the tab le ,  They were developed co- 
operatively by the Bureau o% Sport Fisheries a d .  Wildlife and the f i s h  
and game departments of the States  of Arizona, California, New Mexico, 
Mevah, and U t a h ,  



Table 3o Specific Fish an& Wildlife Costs, Immediate Action Program 

Project ma Measure Amount 

Central kizom Project 
Central Arizona fishing lakes 

Maxwell Reservoir 
Access and facilities 
Fishery management investigations 

Fishery management investigations 
. Hooker ~ e s e ~ v o i ~  

Access &d facilities 
Fishery ement investigations 

Charleston Reservoir 
Access am3 facilities 
Fishery mswaagement investigations 
Rough-f i sh e&di cation 

Bridge Canyon 
Access am3 facilities 
Fishery management investigations 

W b l e  Canyon 
Access ant3 facilities 
Fishery management investigations 

Dixie - 
Rough-fish eradication 
Gm-bird wateri- devices 

Southern Nevada Water Supply 
Fish screen 

Other fish and wildlife measures 
National fish hatchery, warmfates 
National fish hatchery, trout 
CiboPa National Wiflllife Refuge 
Arizona State Wi%dli fe ement Areas 
California State Wildlife Management Areas 
Rough-fish eradi~ation~ general 
Fishery management stu&ies, Indian reservations 
Bhrea%ophy%e fnvestigatis'as 

1,400,000 
LOO, 000 

B a 9 b l d  Equivalent $ 352,000 

y ~ h i s  cost is a non-add i t e m .  It will be borne by the Arizona Game and Fish 
Departmerrt out sf funds avafPable to it if the Central Arizona Project will 
make avaibable the needed k0,000 acre-feet of water on a non-reimbursable basis. 
Y~ornputed at 3 percent, 100 years. 



Arizona Fishing W e s  

The i n i t i a l ,  immediate action phase of f i s h  and development f o r  
the Pacific Southwest Water Plan includes 50 f i sh ing  lakes t o  be conetruc- 
ted by the Arizona Game and Fish BpwtBaeaat in eomeetion with the Central 
Arizona P11"oJect3 %bae~e 5Q lakes, to be pseleetad from a Pie t  of 89 which 
has been prepwed by the & i m m  llepmbent, muld provide 2,000,000 man- 
days of fishing, mostly fo r  t rout ,  h e e d  on %he interim schedule f o r  eval- 
wtimg benefi ts  @opted by the Inter-Agency Cornittee on Water Resources, 
these 50 f i e h i  ng ressmoi  r e  wopaP& produce m m a B  benefi ts  of $ 6 9 ~ ~ ~ , ~ ~ ~ *  

These reservoirs woad be b u i l t  by the Arizona Game and Fish Department 
with funds available t o  it, The cost  f o r  the dms  and reservoirs would 
be about $350,008 each f o r  a t o t a l  sf $ l ~ , ~ 0 0 , 0 8 8 ~  I n  addition, $50,000 
t o  $75,008 would be required a t  each one for roads, access f a c i l i t i e s ,  
parking weas, a& the l ike ,  These cost8 likewise woiuPd be borne by the 
&i zsm Dep~tmerat, 

The lakes would average 100 acres i n  s ize*  !They would be located i n  the 
higher elevations of' central  k f z o n s  mostly i n  t h e  yellow-pine fores ts  of 
that areao None mdd. be far from go& roadso fil would be within 200 
miles of the fioen%x-Tucsoan population center and most would be within 
PO0 miles, 9!ky wodM be managed and stocked d t h  t rou t  by the Arizona 
Game a d  Fish kpgb~tment~ 

Water t o  f iPf  and maintain these f ishing Bakes would be supplied by the 
Central Ar iz~na  BroJeet, It is proposed t o  a l loca te  60,808 acre-feet 
the f irst  year for fiPBing a d  then 40,CQO acre-feet annually from project  
waster sources fo r  t h i s  purpose on a noa-reimbursable basis. That is, the 
cost of water muld be borne by the Federal Government and the water would 
be delivered wfthsaat charge t o  the Arizona Game and Fish Department. This 
i s  i n  recognition of the wide-spsew3 outcl~or recreation benefi ts  of the 
lakes m d  a lso  in recs i t i o n  of the heavy investment by the State  i n  
these faciff i t icso 

Most of the Bake s i t e s  a re  beyond reach of the new water-conveyance system 
planned f o r  the Central Arizona Project, In C ~ F C U I ~ ~ ~ ~ C ~ S  where the ln- 
tended use of water for the f i sh ing  Bake8 m i  t be in conf l ic t  with estab- 
Piahed water rights, exelhangas of water would be effectuated t o  provide, 
i n  effect ,  fo r  Central &fzom PYoJ@c% water t o  supply these %ekes. De- 
t a i led  engineerfw suas~erys, cwren%t$y underway, w i l l  W e  possible select ion 
of the s i t e s  f o r  the 56 fishing; lakes, 

The access and f a c i l i t i e s  associated with the par t icu lar  reservoirs indicated 
i n  Table 3 are needed t o  raaPise the f ishing benefi ts  associated with such 
impou~pdments~ Maxwell Reservoir, f o r  example, w i l l  receive intensive f i sh -  
ing ease, Developing at  l e a s t  10 access psirats wtth car-parking, boat-lerunch- 
in$, and sanitary f sc%l i t%es  w i l l  be needed, These f a c i l i t i e s  would be i n  
addition t o  those developed st other s i t e s  fo r  recreation i n  general* Costs 
of eons truetion of the 10 units i s ecstimatsd a t  an average of $4,500 per 
unit, including road csnstruction sf 2 miles per uni t ,  



Buttes Reservoir will need road construction and some fishermen-use 
facilities similar to those for Maxwell Reservoir. Hooker Reservoir lies 
largely within a canyon. It, too, will require road construction to- 
gether with car-parking and boat-launching items. Charleston Reservoir 
will need similar improvements to capitalize on the fishery benefits. 

Marble Canyon Reservoir and its tailwater, lying within the inner gorge 
of the Colorado River, will be virtually w e a b l e  by fishermen unless 
access roads are developed together with appropriate boat-launching 
facilities including modification of the power-plant elevator to the 
tailwater below the dame 

Bridge Canyon Xeservoir and tailwater, also in the main gorge of the 
Colorado River, will be relatively inaccessible unless a good road is 
built and maintained into the reservoir and an elevator provided to 
reach the tailwater. Docking and launching of boats as well as car- 
parking also will be needed at this reservoir, 

Fishery Management Investigations 

The impact of impounding waters in the reservoirs of the Pacific South- 
west Water Plan will create problems in fishery management. There is a 
need for Federal-state cooperation in developing information needed for 
managing the extensive new waters to be developed with Federal financing. 
Without studies to develop such ihformation, the state fish and game 
departments concerned will not be able to manage the new waters properly, 
Such studies should be conducted over the first five years for each im- 
poundment. They will assist materially in bringing about the eqected 
benefits, 

Rough-f ish Eradication 

Virtually all of the new waters will need stocking with fish. But before 
the fish planting is done, the rough fishes frequenting particular streams 
or sections thereof shotl3.d be removed so that the newly stocked fish may 
be given an opportunity to get a fresh start in new waters without having 
to compete for food or be preyed upon. Same areas are identifiable st 
this tjne but others are not, 

Fbrti%cpl81: care will be utilized in undertaking this program to prevent 
damaging side effects. Full canpliance with the Department's carefU 
policies and standards will be scrupulously required. 

Game-bird Watering Devices 

Largely intended for quail an8 other upland birds, these devices catch 
precipitation and store it for use by such birds. Very successful in 
arid areas, even though storage capacities of individual units is usually 
limited to less than 1,000 gallons, these quail guzzlers, as they are 
often called, are designed to make water available by runways as the water 
evaporates. Evaporation itself is reduced since the devices axe sheltered. 



Fish Screen 

This fish screen would be locate& on the inlet-outbet of Rfver Mountains 
Reservoir of the Southem Bevab Water Supgly BroJect. I$ would prevent 
the escape of planted %ish from the reservoir during drawdownso 

National Fish Eatcherg, WamwAer - 
To stock suitable prsJect waters with  tar species of fish, s suit- 
able hatchery at an approprisbe site yqt to be determined would be neces- 
sary to realize the expected fishing benefits, m e  unit would annually 
produce 100,000 p o w b  of c el ca%f%sh a d  5,OOQ poun8s of bass for 
stocking %la areas boraering the Colorado River, mPmly in Arizona, 

The excellent bass fishsy of M e  Mead liaP%s been noted here, People 
from all over the Southwes% md frcm m y  other parts of the Nation have 
been attracted to $ry their mgung  hck and skill there, Lake Mead pro- 
vi des &out ~QQ, QQO ram-days of fishing a year, ma purpose of the new 
warmwater hatchery wor~ld be %o help create sM1arl.y a%trac%ive condi- 
tions in new reservoik and other waters of the Pacific $ou%kwest Water 
Plan, The estab1isben-b of balanced populatioms sf desirable species of 
fish in large bodies of' water which are crested by the ,construction of 
reservoirs, requires the initial stocking sf tremendous numbers of fish 
during early stages sf reservoir filling, In -mum water lakes subsequent 
management to &ntsfn a suitable level sf gspeala%%ons of those species 
most sought by sportsmen,my require additional stoclsfags, 

cost of such s hatchery Es eat ed st $800,000, to be firmaced with 
s appropriat~d~for the hplementation oithe Pacific Soutlawest Water 

Plan, The location &nd o%Ber physic %a%ls of the new warmwater hatch- 
ery would be determined during %he ng stage fsPBowing ~~.uthorizatisn 
and preceding the cons$mct%sn phase of the Pac%fic Southwest Water Plano 

To stock $he colaer reeervsfss @ad stre s w % B  %rou%, a suitable htchery 
at a site yet to be detem%aaed would be required t9 realize the f%sMag 
benefits iadic&ted, Its  groauctfsn% of 250,000 pounds of trout a year 
would meet. the need %or s%sck%png m t e r ~  affected by water-res~urce develop- 
ments planned for central md sou%hem Arizona and the bwes Colorado River 
itself, 

Fish hatcheries are i m p o r t ~ ~ t  elmentis in %be nd~atenaace of groductivetrouti 
fisheries in units 09 %%a% where fisMaag pressure exceeds the matural 
grot3uctivity or where e n d s e  prsduc%ivce sraea lack $be spamai~g COB%&- 
%ions essential %s filbfilhent of %ha compls$e Ufe cycle of the fish, 
Man-made lakes, such ss same of' the reservoirs to be constructed in the 
Pacific Souihwes$ Water B w i l l  develop waters of a temperature suitable 
for the gr~%s$h sf trout, Releases f r m  the bower BeptBs of reservoirs w i l l  
create flows ~f cool water in the streas below dams wMch m8.y be %deal 
for growth sf cold water species, Bowever, these waters m y  lack the con&- 
.%ions necessary for natural reproduction by these stream spawning species, 



I n  :uch ins t ances  high qua l i ty  t rou t  fisherie,.; may be a t ta inable  through 
t h ~  s t c c k i n g  u f  young f i sh  from a hatchery 01 whem exceptionally heavy 
f f  shing pressure i s  t o  be encountered, f i s h  of CstchEiole s ize ,  

Exceptional1.y f ine  t rou t  f i she r i e s  now e x i s t  i n  the  Colorado River below 
Lake Mead and below Lake Mohave, The cold waters released from Lake 
Mead flow as a density current below the surface i n  upper reaches of Lake 
Nohave but r i s e  t o  the surface about midway i n  the  reservoir ,  making pos- 
s i b l e  a f ine  t rou t  f i shery  i n  the  lower reaches of t h i s  lake. These 
f i she r i e s  a r e  heavily u t i l i z e d  where accessible but  could not be nearly 
so productive without hatcheries as a s ~ u r c e . ~ o f  young f i sh .  

!l%e new cold water f i s h  hatchery i s  designed t o  help maximize opportunit ies 
fo r  good t rou t  f ishing i n  the areas  of sui table  waters created by the 
Pac i f ic  Southwest Water Plan. The recommended cold water hatchery would 
a l so  be funded as an in t eg ra l  pa r t  of the Fttcific Southwest Water Plan 
with appropriations made for  the i r ry t tu tn t a t ion  of t h a t  Plan. I t s  e s t i -  
mated cost  i s  $1,200,000, Here, too, the  l m c i s e  location and other 
Mys ica l  characteris-tics would be determined following authorization of 
t he  Plan and pr ior  t o  construction, 

Cibola National Wildlife Refuge 

The most important single f a c i l i t y  i n  the  Pacif ic  Southwest Water Plan 
f o r  f i s h  and wi ld l i fe  i s  the  progosed Cibola National Wildlife Refuge 
along the lower Colorado River. The s i t e  i s  located along both s ides  
of the  mfnstem about 50 miles up the  r iver  from Imperial Dam. 

The Lower Colorado River Valley h i s t o r i c a l l y  has been a most impor- 
t a n t  wintering ground fo r  waterfowl. Ducks and geese produced i n  
eleven western States  and three provinces of Canada contribute t o  
t he  waterfowl populations wintering there ,  Such species a s  t he  canvas- 
back and redhead, the p i n t a i l ,  the green-dnged t e a l ,  the gadwall, and 
s the r s  were formerly abundant. A large portion of the  Great Basin 
C m a b  goose population, which breeds in the  vast i n t e r i o r  basin  area 
sf Western United States,  winters there ,  During recent years, there  
has been a dras t i c  r e d u c t i ~ n  i n  the  waterfowl populations of t h i s  
a rea  



The reduction goes with the loss of such wintering habitat as overflow 
lakes, lagoons, m a  mrshlmds, due to lower flows in the river re- 
sul%ing from mdge complete development of the water resources in the 
Unite& States and the requirement %or full deliveries under the Water 
Tre8t;gr with Mexico of bg4bbo 

The Bureau of Sport Fisheries land Wildlife has long been cognizant of 
the value of the Pa.10 Verde-Cibola Valley portion of the Lower Colorado 
Wfver for waterfowl and has considered it as having sutstfuading poten- 
tial for establishment of a national wildUfe refbge for the preser- 
vation and development of waterfowl resources. It is now proposed 
to establish s refuge bbere in connection with the implementation of 
%he Pacific Southwest Water Plan, 

Establishment of $he refuge is vital to the main%enance and conserva- 
%ion sf the Great Basin C goose, whose very existence is threatened 
By the continued loss of ssential wintering grounds. The ref'uge 

needed to mitigate %be losses to waterfowl and their habitat which 
ve resulted from water development m d  water conservation projects 
ong the river, Most hnedh%ely, the water program with the princi- 

pal effect is the c el%za%%on prodect for the Lower Colorado, past 
a d  ck~wt~la%ed~ 

The C i b o b  Refuge woulti include some 16,200 acres sf It would re- 
qufse a dive~sfcm of about 27,QQQ acr~~feet of water of w h i c h  about 
14,000 would be for consump%ive use, All of the water aversf on and 
use would occur in Arizona, Under the doctrine embraced by the 

in- the necessary water rights 
lisbedbx a Secretarirl decision to establish the 

Cbboh Refuge ant3 to Gthdraw the public land wi%hin its proposed 
botarabries, TMs water rf would beer the date sf such decision. 

The cofseu11p~t%ve use of water would be primarily for wa%erfowl food 
production through agricultural practices on some 3,500 acres of 
the lam3 devoted to =s,1falfaB srm.11 grains, hag, and sore;tp~~~s, The 
rem8,aaLsg water is seeded to replace evapo-transpiration losses from 
some 1,200 acres of managed marsh a d  rest ponds to be provided for 
waterfowl on the refuge, 



maer  %he proposed plan for  the Cibolab Refuge, a new perameat body of 
water would be created i n  the old rives e l ,  sad the level  of water 
i n  one existing lake locally referred t o  as Ciboh W e  would be con- 
%rolle&, There would bq a controlled ou-bflow s%pucture for  fiah manage- 
meat purposes and f res  e r  i n l e t s  %o preven% stagnation i a  the two 
bodhs  of water; adJus of levee location am3 a controljt%ke near 
the upper end of Cgbola W e  t o  $om a new M e  fm s presesrt slough; a 
fresh water i n l e t  for  W e e  Fingers Lake; and boa% r a p s  en the r iver  
and M e s i d e  levees a t  Ciboh and Three Fingers lakesO 

It f s estimate that the new refuge wml& provide earp expected 8,800,000 
!I wa&erfml-day8 of use i n  %Us s%ra%egfc w%n%erfng area, Peak waterfowl 

population oa the area Wfl lbe  as m a y  as l50,OOO ducks and geese. This 
m%erfowl use w i l l  W e  a vital contribution t o  the maintenance of water- 
fowl populatfons f~ far-f1-g sections of" the Pacific and Central Flyways, 
t o  t h e  beaef%t sf thousaaxde of waterfowl hunters $a may parts of the West. 

s of %he 16,200 acres prg?gosed for the Cibela Refuge 
$6 $iB f@BPms: 

Acres 
rn 

It i s  estimated %he lam3 scquf ~ f t f  on cost would be $l,b600,000~ The 
cost of develop% l%%ies would be aa additional 
$1,300, p00, s l so  ds approprf ated t o  5.mplt%nent the 
Pacific SQU%%%WBS% Wat 1 of $2,700,000 for 
i&%fsl  capi%al %wee s source, 1 sgen%l-t;fo?a m d  main- 
$emace costs of $110,QBQ woarrBd be borne by the Bureau of Sport F%sheries 
a d  Wildlife out. of approprf&&ms made $0 it. for  tht p q ~ s e ; ; ~  

The Ciboh Reage i s  not only i n ~ s p e n s a b b e  in da$&%aing an adequate 
%he Great B a s h  6r game, but rbss w i l l  provf de a 

t ~f m%;erf'owl hun long the lower Coborado River for  
the benefit  of residents of the Pac s% , Add3 ti o m 1  div%deq8s 
fsm the establishment of" the r e f i  -bed above, w i 1 1  be %he pro- 
vision of subs+iantfp31B fishlag md general oa%&or recreatioa opportmitfes 
for the public. Facil%tfes on %he refuge are  %o be planned and developed 
with that seconhry obJective Pa dna, 
1 JA waterfowl-&y i s  a uni t  cmmoxaly used i n  expressing the value or  cap- 
c i t y  o% a waterfowl area, It. %s equfvalen% to occupancy o% an a r e s  by one 
bfrd for one dayo This messure is well adapted t o  expressing tbe value of 
m area for wa%arfowl because of %he migra;t;sry habits of these bf rds, 



The k%~oaggi Gant ant3 Fish Department hopes t o  de~e lop  t h e e  areas dong  
the Lower Colorado Biver, namely M i t t r y  W e ,  1,536 acres; Cibola Valley, 

5 acres; Tcqock , 320 acres, for waterfowl anad upland game. 
A to ta l  of $325,008 is needed rn f01Pow: Mittry Lake, $200,000 for  
deveBopment only; Cibola VdLey, $50,000 for  land acquisition and $50,000 
for  development; %pock Swamp, $25,000 for development od.y, The water 
requirements of these areas, outlined i n  t e r  11, Water - Present Uses 
d Future Needs, should be prcsv%8ed under the M e d i a t e  aretlon prog~am, 



problem ts the neies ~ ~ n e e r n e d  wfth fish w i l d l i  fe consemtion. 
f i t m e  water nee tar IIo To m e t  i n  eone 
measure the needs of" f i s h  and wiWQ.ffe .am3 hence of the people of the 

Sc 80uthspost, mter 8hou.U be pmvfded by the fmnediste action 
am whcpever psssibLe as indicated i n  the chapter. 



and water spcarte 
W - d l s  distant 

-acre bow fe fea by waste auad return irri- 
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i a ,  fnckeabefngg about 0;4 
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terfowP, are en- 

e ~ t l y  be aaggkamted 



should be provided in the Fedpral legislation enabling integration 
of the project with the Pacific Southwest Water Plan, 

Intermediate and L o n g - m e  Program 

In fomrrlerting the intermediate srad long-range program of the Pacific 
80utbawest Water Plan, the fish and wildPife of the water source areas 
must be protected snd benefited, Open canals should be provided with 
faeflfties to pelPgtit public fishing at selected loccsitions adapted to 
such use* Along the conveyance routes and on the service areas all 
opportunities for improving both fish asd wildlife hibitat an4 fishing 
a d  hunting should be fully implemented, 

Exchanges of water should be barranged so as to effect -tpmrovements 
outaide planned direct-service areas, Water salvage and drainage units 
and mter recluglntion units of' the Plan ahodd be coordinated with fish 
and wildlife program to presem, restore, and c~eate essential habitats 
and provide fUUY for anticipated fishing and hunting demeulds. An 
appropriate share of waters developed with the Plan must be devoted to 
the critical needs of wildlife. Pollution abatenent, water quality control, 
and salvage of sewap effluents must be planned with due regard for the 
requirements of fish and wildlife, 

Blbl phases of the Pacific Southwest Water Plaa will have great impact on 
the national waterd'owl program. Thus, w i t h  the intermediate and the 
long-range prog~sm of the Plan, as with the features for Immediate con- 
struction, key waterfowl areas must be retained or provided so that the 
resource c m  be built up commaGurate with the ever-increasing human 
wants 0 

Bdividtlial features an8 units of the intenaedirte and long-range ppor 
gpam w 5 l l  be considered fully in detailed hture reports, A few cspe- 
ciffc cornmonte on this prowam will seme to highlight the more apparent 
Eiret3.s of concern. 

It is likely that the establishment of another national wildlife refuge 
in southwestern Arizona will be needed, to alleviate ag~icultural crop 
depredations by wintering w a t ~ ~ f o ~ l e  It is also likely that a new state- 
operated fish hatchery in southern Arizona m y  be necessary. Long-rqe 
planning might well include additional fishing lakes as well. 

Calf fornf a 

Ektremefy important wildlife habitat exists in Owens Valley, and the 
California Fish and Game DGpa~tmnt has several trout hatchery and rearing 
imialhtions in the Mono-Inyo ares and on the Kern River which are con- 
cerned almost entirely w i t h  meeting the needs of southern California 
residents. Future development of water reso~~ces in this valley must 



maintain the wildlife habitat  and provide a d e q u t t  water supplies f o r  
the production sf" t rout  'both i n  the f i s h  hatcheries and rewing  ponds 
and i n  the natural watersomcesl, Restoration of groundwater levels 
wuld solve most f i s h  guad wPPdBife problems of t h t  valley, A national 
wildlife refuge of 10,000 acres is needed i n  Ovens Valley. It would 
have an annual diversion requirement of" 60,000 acre-feet mtP a con- 
sumptive use of perhaps bc0,000 acre-feet, some ~f which would be avail-  
able as return f l o w  fo r  reuse, The Wem Valley uni t  sf the Plan should 
include t h i s  water anow the demands t o  be suppled i n  the valley, Main- 
tenance and iqpovment of na tura l  streams &.so m u s t  b~ i n c l a e d  i n  
plans, and would not require ~ o m q t i v e  use of mter i f  res t r ic ted  t o  
sections between ~ e s e m i r s  or between resemofrs eend delivery points. 

The ten small fishing lakes in southern Csliformsia toWPing  500 sur- 
face acres ma requiring 2;000 acre-Feet will. be planned and developed 
during the intermediate OP lsng- phase of the Pacific Southwest 
Water Plan, A further somidera i n  the fornulation of water-~esoupce 
development plans must be the m%atem.nce of s ~ a s t d .  wtPands fed by 
dreinagcs t r ibutary to the seao MetPmds of this type have a l l  but d is -  
appera~ed, DLvergl%ons have reducdi tihe feecler streems t o  t r ickles  While 
W b o r  and shore eonstf"p1etisn has e x t i  s h d  the wetbands by drainage 
and f i l l i n g ,  It m y  yet prove pssfbgii restore a few key wctl%mdds, 
W n l y  fo r  shore birds me$ mterfowl, me water demands w i l l  be small, 
for the areas susceptible of restoration w e  small; but t%lC need should 
be reesgnized both i n  plans for diversion sf eoatjtd s t ream and i n  
selecting sites f o r  desalting plants, Black b rmt ,  a species singularly 
dependent on coastal macshe8, is tspeeieelly noteworthy among the birds 
t o  be preserved by such restoration, Wat eds of key wetlands should 
be provided through mlsaets t o  na%mal c Is or  by other meens. 
Si te  seleetien f o r  des&L%ing plants should ewoid! hlestrmctfola of key 
wetbmds, anQ where feasible, smU wet%m& should be acquired and 
developed a&% a part of the s i t e  b,zx38~ap%~ for these plants. 



The priority of the above-described development in southern Nevada m d  
the agency that would establish and administer it are m~tters for deter- 
mination after further study. The water quantities required for inten- 
sive crop production on 1,000 acres to provide food for waterfowl and 
to maintain related ponds for waterfowl would total 15,000 acre-feet 
~ u a l l y ,  



UNITED S T A T E S  FISH A N D  WILDLIFE SERVICE 
DEPARTMENT OF T H E  INTER1 BUREAU OF S P O R T  FISHERIES A N D  WILDLIFE 

\ 

\ ' , 
\ '\., GENERAL MAP 

\. FISH AND WILDLIFE FEATURES 
1 

I '\,, PACIFIC SOUTHWEST WATER PLAN 

NlLLlAMS CR. 

I D A M  / 

0 Cochise 

A NATIONAL FISt, 
I 

0 NATIONAL WlLI .------------ 
Q NATIONAL WlLl * ~ o m b s + o n e  

I 

\ I 
I 

0 S T A T E F I S H H  I 

Bisbee I I 
0 STATE WILDLIF Douglas 

I 

,,,;--t-- ---- L- ----I-& 

STATE WILDLIF 

(State units identifi C 0 

3 3 5 F  



Effects  on GraLd Canyon Natianal  Park and l"ionum& 

of  proposed Lower Colorado River P r o j e c t  

The components of Lower Colorado River  developments considered h e r e i n  
a r e  the proposed Bridge Canyon and Marble Canyon Dams and Rese rvo i r s .  
Each component i s  t r e a t e d  s e p a r a t e l y ,  s i n c e  each w i l l  cause changes 
of a d i f f e r e n t  na tu re ,  The proposed Bridge Canyon Reservoi r  would 
change t h e  cha rac t e r  of a p a r t i c u l a r l y  s cen ic  l e n g t h  of w i ld  r i v e r  t o  
something f a r  l e s s  d e s i r a b l e  from the  National Park s t andpo in t .  

The b a s i c  purpose of na t iona l  parks and monuments, a s  s t a t e d  i n  the  
Act of August 25, 1916, i s  t o  conserve the  scenery  and t h e  n a t u r a l  and 
h i s t o r i c  o b j e c t s  and t h e  w i l d l i f e  t h e r e i n  and t o  provide f o r  t he  
enjoyment of the same i n  such manner and by such means a s  w i l l  l eave  
them unimpaired f o r  t he  enjoyment of fu tu re  gene ra t ions .  

I n  the Act t o  e s t a b l i s h  Grand Canyon National Park,  approved February 26,  
1919, t h e r e  i s ,  however, t he  following provis ion:  

Thatwhenever  cons is  t e n t  wi th  the primary purposes of s a i d  park ,  
the Sec re t a ry  of t he  I n t e r i o r  i s  authorized t o  permit  t he  
u t i l i z a t i o n  o f  a r e a s  t h e r e i n  which may be necessary f o r  t he  
developmnt  and maintenance of a G o v e r n ~ e n t  reclamation p r o j e c t .  

To determine whether water  con t ro l  p r o j e c t s  would be c o n s i s t e n t  with 
t h a t  purpose, i t  i s  necessary t o  a s c e r t a i n  and weigh the e f f e c t s .  

BRIDGE CAWOM DAM AND RESERVOIR 

This proposed damsite i s  loca t ed  some 2.5  mi les  upstream from the  head 
of  Lake Mead and 237 , s  mi l e s  downstream from Lees Fer ry  a t  an e l e v a t i o n  
of approximate1 y B 200 fset, When f i l l e d ,  f  f cons t ruc ted  t o  an  e l e v a t i o n  
of  I783 f e e t ,  as p rev ious ly  recommended by t h i s  Se rv i ce ,  t h e  r e s e r v o i r  
w i l l  back water  through t h e  e a s t e r n  po r t ion  of  Lake Mead National  
Recreat ion Area and through Grand Canyon National Monument, 

If t h e  dam i s  construeLed to a h e i g h t  of  187'6 feet, it  would back water 
13 miles  i n t o  Grand Canyon National Park,  

A ,  B r i d g e e y o n  Dm Constructed t o  Eleva t ion  1783 Fee t  

A1 though KE r e  sl i z c  that: Grand Canyon National Plonunent was e s t a b l i s h e d  
v i t h  t h e  recognit ion t h a t  a t  some fu tu re  dare  a dan might' be cons t ruc t ed  
a t  Bridge Canyon, i t  i s  importanr t h a t  we cons ider  c a r e f u l l y  the e f f e c t s  
such  a dam w i l l  c r e a t e ,  



E f  t h e  d m  height  i s  l imi tad  t o  1783 f e e t  above sea  l e v e l ,  the  
e leva t ion  s f  %he Colorads River ab the western boundary of Grand 
Canyon National Park, the rese rvo i r  would extend upstream a 
d i s t ance  of 80 m i l e s ,  The g r e a t e s t  d is tance ,  53 m i l e s ,  would 
be with in  Lake Mead Mat3.ond Recreation Area, with the  remaining 
2% miles e i t h e r  bordering ~r t o t a l l y  wi th in  the  Nati onal Monument . 
1, Values t o  be Lost  

The c o n s t ~ u e ~ i o n  of a rese rvo i r  i n  this reach s f  the Canyon 
would inevi tably  r e s u l t  i n  the Loss of  park v d u e s  of nat ional  
s igni f icance  and the c rea t ion  of o the r  T P ~ U ~ S ~  

The r i v e r ,  with its ever changing cur ren t s ,  pools, and rap ids ,  
would be blogseed o u t  by ehe s l ack  water of ehe rese rvo i r ,  

S t r e d a *  Ecology 

The ex i s t ing ,  na tura l  s t r e d a n k  ecology would be dras-  
tisaE%y changed throughout the e x t a n t  of the  r e s e r v o i r ,  
The ex i s t ing  p lan t  and animal habitats would be drowned 
out ,  and colonizat ion by exo t i e  species  would be expected, 
I n  the  uppermost regions of the  r e s e r v o i r *  s i l t  deposi t ion  
and debr is  a e c m I a $ i o n  w c d d  be i n e v i t a b l e ,  

Aquatic Fauna 

The change from r i v e r  t o  resem~ir would change the  
aguagic fauna, The l imi ted  natura l  range of na t ive  f i s h ,  
such as Ehe bonytafl (Gila Robusga) Humpback Chub (Gila 
€$phis), @oforado Squawfish (IPtychchai%us Lueius), and 
Humpback Sucker (Xysparnchan Texams) , would be fu r the r  
changed and reduced, Non-na$ive species  would become 
ee tablishad f n ehe new e m f  roabanent, 

The Brand Canyon of ithe Colorado a f fo rds  the f i n e s t  s tudy 
a r e a  ava i l  able for s tudents  of geology, The e f f e c t s  of 
the  d m  ow geologic fea tu res  in $his v i c i n i t y  are dis -  
cussed f E d e t a i l  by Dr, Edwin Do McKee, now of  the Uni tad 
S t a t a s  Gao$ogfcd Sumey, in a rspssrc he subni$$ed t o  eke 
Direceed of  he National Park S s m i c s  by mmorandtwn 
dated Oetsber 21, 9942, The following is quotad from 
H)EP Me&eus reper t :  



westward frm Toroweap Valley, I n  this 
secef on severa l  feaeures 2 l l u s t r a $ f  ng t h e  
e a r l y  s t ages  of canyon c u t t i n g  and of l o c a l  
v d c m f  s m  will be eoncaaf ed , Also covered 
w i l l  be rennbnats of % a v s  tha$ %%owed d m  
t h e  r i v e r  c ~ ~ e ~  and s s d f m a t s ,  f n  t w ~  
places ,  f o m d  %n ancient  Palees o r  rese rvo i r s  
beh%nd na tu ra l  l ava  d m s  , 

A de ta i l ed  account of these remnants o f  lma flows and 
other fea tures  of & o c d  vulcani  s m  appears i n  a paper by 
Mebe a d  Sehank t f tPed  "The Lower Canyon Lams  orad 
Related Pea$,ures of Toroweap f n  Grand CanyonsFd published 
i n  .%ha Journal of Geomrphology, Volume 5, Mtfwber 4 ,  
pages 243-273 ., 

The mst obvfsms change i n  r s c r s a t i o n a l  use of the  canyon 
brought about by the Bridge Canyon Pro jeet would be t h e  
lid tat i  on s f  the  t r a d f  ti owal md sxh i  l a r a t i n g  experience 
of wild r i v e r  boatfngz f o r  which. the Grand Canyon is 
fasaous. This unique form of ree rea t ion  was beginning t o  
show a marked increase  p r fo r  $0 t h e  d o s u r e  of the Glen 
Canyon D ~ ,  Sfnee 1955, more than 1300 personas enjoyed 
boat  t r i p s  $h.roe%gfa Grand Canyon; near ly  400 s f  these made 
the  t r i p  lase year, 

Undoub%ed3by, the running of the  Grand Canyon m u l d  grow 
i n p s p u k a r f t y  i n  t h e  p a r s  ahsad as the  q u a l i t y  of such 
an experience and its s a f e t y  wi th  proper preparat ion,  
equipment, and guldance beeme more widely known, The 
proposed %ow Brfdge Cmgs~n. Dm would reduce the  
of p~ss iblbe  r i v e r  running through 8hs Grand Canyon by 
wore than 80 milas,  a raduetfon of 36,8 percent ,  

2 ,  Values t o  be  Gained 
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The l a t e  Frederick Law Qlmstad, noted landscape a r c h i t e c t ,  
made a study of t h e  e f f e c t s  of t h e  proposed high Bridge 
Canyon Dam upon the  Park. I n  h i s  r e p o r t ,  Mr. Olmstad s a i d  
i n  pa r t :  

This sec t ion  of t h e  Grand Canyon as  a whole is  
notable f o r  the  d i s t i n c t i v e  character  o f  i t s  scenery . . . It was completely included from r i m  to r i m  i n  
the  por t ion  of Grand Canyon o r i g i n a l l y  set a p a r t  i n  
1908 a s  a nat ional  mnument f o r  preservat ion of t h e  
noneconomic values of its unique and inspfr fng 
scenery . . . 
I f  t h a t  is t o  remain the pol icy  of  t h e  Government 
concerning t h i s  e n t i r e  u n i t  of the  Grand Canyon . . . 
then the  l i m i t a t i o n s  of Bridge Canyon Reservoir t o  
an e leva t ion  t h a t  w i l l  not  encroach on t h a t  protec ted  
a rea  should be continued . . . 
Choice . . . depends . . . upon broad considerat ions 
of publ ic  purpose; i n  the  last ana lys i s  upon how 
much the  people of the  United S t a t e s  care about pre-  
serving the na tu ra l  condit ions and scenery i n  t h e  
por t ion  of the Grand Canyon se lec ted  f o r  such 
preservation i n  1908, and whether they a r e  ab le  
and wi l l ing  t o  pay the  economic p r i c e  of such 
preservation.  

This Service has recs~mnended t h a t  the  height  of the  proposed 
Bridge Canyon Dam be l imi ted  t o  1783 f e e t  ( the  normal r i v e r  
e levat ion a t  the  west boundary of t h e  Park) thus preventing 
eneroaehment om the  Bark. 

The proposed Marble Canyon Dam to  be located  some 12.5 miles upstream 
from Nanhweap Canyon a t  t h e  nor theas t  corner of  Grand Canyon National 
Park would have no appreciable e f f e c t  on the  Park, provided t h a t  a l l  
water released f o r  power generat ion and other  purposes is  allowed t o  
continue t o  flow through t h e  Park. It i s  our understanding t h a t  the  
proposed Kanab Creak Tunnel is  not  a p a r t  of the  o v e r a l l  program and 
the re fo re  we have not  c smented  on i ts poss ib le  e f f e c t  on the  Park. 



PACIFIC SOUTHWEST WATm PLAN 

Appendix S e c t i o n  

Bureau of I n d i a n  A f f a i r s  

I n t r o d u c t i o n  

Th.is Appendix i s  t h e  p a r t i c i p a t i o n  of t h e  Bureau of I n d i a n  A f f a i r s  i n  t h e  

p r e p a r a t i o n  of t h e  r e p o r t  on t h e  P a c i f i c  Southwest Water Plan.  I n  

p r e s e n t i n g  t h e  m a t e r i a l  t h e  Washington d r a f t  a5 t h e  o u t l i n e  of t h e  r e p o r t  

f o r  t h e  P a c i f i c  Southwest Water P l a n  has  been fol lowed.  Chapters  and 

subheadings  used a r e  t h e  same as i n  t h e  o u t l i n e .  S ta tements  have been 

prepared under t h e  headings  i n d i c a t e d  f o r  Bureau of I n d i a n  A f f a i r ' s  

p a r t i c i p a t i o n  i n  t h e  o u t l i n e  05 t h e  r e p o r t .  In a Eew c a s e s  s t a t e m e n t s  

have been p resen ted  a l though  n o t  ind5ca&ed f w  .Bureau of I n d i a n  A f f e t r s  

p a r t i c i p a t i o n  i n  t h e  o u t l i n e .  



PACIFIC SOUTHWEST WATER PLAN 

(Bureau of Indian  A f f a i r s '  Statement) 

THE PACIFIC SOUTHWEST 

Natura l  Resources 

Land -. 

There a r e  f i v e  Indian  Reservat ions a long  the  main s t ream of t h e  Lower 

Colorado River ,  e ighteen  r e s e r v a t i o n s  on t r i b u t a r i e s ,  s i x  i n  t h e  inland '  

bas in  of C a l i f o r n i a ,  and s e v e r a l  i n  t h e  southern C a l i f o r n i a  c o a s t a l  a r ea .  

I n  success ion  down the r i v e r ,  t he  mainstream r e s e r v a t i o n s  a r e :  Fo r t  Mohave 

i n  Arizona, C a l i f o r n i a ,  and Nevada; Chemehuevi i n  C a l i f o r n i a ;  Colorado 

River i n  Arizona and C a l i f o r n i a ;  Yuma i n  Ca l i fo rn i a ;  and Cocopah i n  

Arizona. The r e se rva t ions  on t r i b u t a r i e s  and i n  C a l i f o r n i a  a r e  l i s t e d  

l a t e r  i n  t h i s  r e p o r t ,  wi th  e s t ima te s  of water requirements .  

The p r i n c i p a l  resources  of most of the  r e s e r v a t i o n s  a r e  t h e i r  i r r i g a b l e  

lands and appurtenant  water  r i g h t s .  The i r r i g a b l e  a c r e s  and water  r i g h t s  

f o r  the  mainstream r e s e r v a t i o n s ,  a s  provided under t h e  Supreme Court 

d e c i s i o n  i n  Arizona vs .  C a l i f o r n i a ,  a r e  shown i n  t he  fo l lowing  t abu la t ion :  

I r r i g a b l e  Area 
(Acres) 

Arizona C a l i f o r n i a  Nevada TOTAL - 
F o r t  Mohave 14,916 2,119 1,939 18,974 

Chemeheuvi 0 1,900 0 1,900 

Colorado River 99,375 8,213 0 107,588 

Yuma - 11 7,743 0 7,743 

Cocopah 

Tota ls  114,722 19,975 1,939 136,636 
1/ Iad ian  Homeqteads included with non-Indian lands  of Yuma P r o j e c t  (USBR). - 



Diversion Right 
(Acre F e e t )  - 

Arizona C a l i f o r n i a  Nevada . - TOTAL 

F o r t  Mohave 96,416 13,698 12,534 122,648 - 11 

Chemeheuvi 0 11,340 

Colorado River 662,402 54,746 

Yuma - 2 / 51,616 . .. O r  51,616 

Cocopah 2,744 0 0 2,744 

, ,Totals 761,562 131,400 12,534 905,496 

11 The Supreme Court did not  determine boundaries  i n  ca se s  of cont roversy .  - 
Figu re s  shown a r e  those  recommended by t h e  Spec i a l  Master. 

21 Ind ian  Homesteads included wi th  non-Indian lands of Yuma.Project (USBR). - 

The average p r e c i p i t a t i o n  f o r  t he  r e s e r v a t i o n s  a long  t h e  Colorado River  i s  

s o  low t h a t  almost no graz ing  i s  a f forded  ou t s ide  t h e  i r r i g a t e d  a r e a s  and 

r i v e r  bottom lands .  Graeing i s  a very  important  r e sou rce  of t he  t r i b u t a r y  

r e s e r v a t i o n s .  

Lands and waters  s u i t a b l e  f o r  r e c r e a t i o n a l  purposes also a r e  important  

resources  of many r e s e r v a t i o n s ,  

Minerals  

Severa l  r e s e r v a t i o n s  have minera l  d e p o s i t s  which have been o r  e v e n t u a l i y  

may be developed i n t o  p r o f i t a b l e  mines. Among these  a r e  i r o n  and a sbes to s  

on t h e  F o r t  Apache Reserva t ion ;  copper ,  manganese, a s b e s t o s ,  gypsum, and 

t e r r a z z o  s tone  on the  San Ca r lo s  Reserva t ion ;  and copper on t h e  Papago 

Reservat ion.  

F i s h  and W i l d l i f e  

I n  a d d i t i o n  t o  t he  Colorado R ive r ,  which f lows e n t i r e l y  w i t h i n  t he  

Colorado River  Reservat ion f o r  56 miles of i t s  l eng th ,  t he  i r r i g a t i o n  
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c a n a l s ,  d r a i n s ,  and s loughs i n  the  Colorado River  I r r i g a t i o n  P r o j e c t  f u r n i s h  

abundant h a b i t a t  f o r  f i s h  and w i l d l i f e .  The c u l t i v a t e d  f i e l d s  and ad j acen t  

n a t u r a l  v e g e t a t i o n  f u r n i s h  e x c e l l e n t  food and l i v i n g  cond i t i ons  f o r  q u a i l ,  

doves,  o the r  smal l  game, and a  cons iderab le  number of d e e r .  Geese and 

ducks a l s o  f i n d  t h e  water and food supply furn ished  by c u l t i v a t e d  lands 

a t t r a c t i v e .  Inc luding  a  commercial f i s h  farm, t h e r e  are approximately 

558 a c r e s  of ponds and s loughs  on the  Colorado River  Reserva t ion .  On the  

F o r t  Apache Reservat ion t h e r e  a r e  310 mi les  of t r o u t  s t reams,  and 542 acqes 

of t r o u t  l akes .  

Economic Growth 

Economic growth on some of t h e  Ind ian  Reservat ions has  been r ap id  i n  r e c a n t  

y e a r s ,  and cont inues  slow on o the r  r e s e r v a t i o n s .  The abundance of water  

fo l lowing  t h e  c o n s t r u c t i o n  of Headgate Rock Dam on t h e  Colorado River  has  

permi t ted  expansion of t he  Colorado River  Ind ian  I r r i g a t i o n  P r o j e c t  from 

6,500 a c r e s  t o  approximately 35,000 a c r e s  ne t .  Proceeding w i t h  t h i s  develop- 

ment has been t h e  c o n s t r u c t i o n  of two packihg sheds  f o r  can ta loupes  and 

o t h e r  vege t ab l e s ,  a second c o t t o n  g i n ,  a - l a r g e  f e e d  le t ,  and en expanding 

t ruck ing  bus iness  from t h e  P r o j e c t  t o  t h e  West C o a s t .  

There i s  g rea t  demand f o r  l ands  along the  Colorado River  f o r  r e c r e a t i o n a l  

purposes and f o r  homesites f o r  win te r  v i s i t o r s .  The Colorado River  T r ibes  

have leased a  cons iderab le  p a r t  of r e s e r v a t i o n  water  f r o n t  f o r  t he se  

purposes and have p lans  f o r  land developments back of the r i v e r  f r o n t  a s  

w e l l  a s  a long much of t h e  remaining r i v e r  f r o n t .  Included i n  t h e  proposed 

developments a r e  r e c r e a t i o n a l  e n t e r p r i s e s  such a s  mote l s ,  mar inas ,  and 

r e s o r t  type es tab l i shments .  Development of r e c r e a t i o n a l  p o t e n t i a l s  is  

very  important t o  o the r  r e s e r v a t i o n s  a l s o ,  such a s  a t  F o r t  Mohave, F o r t  



McDowell, S a l t  River ,  and San Carlos .  A t  S a l t  R ive r ,  San Xavier ,  and 

Gi l a  River Reserva t ions  development of lands f o r  urban and i n d u s t r i a l  

purpose's i s  becoming an  immediate p o s s i b i l i t y .  

On t h e  F o r t  Apache Ind i an  Reserva t ion  the  r e c r e a t i o n a l  e n t e r p r i s e  has  

been expanding wi th  a  r a p i d  growth because of t h e  r a p i d  i n c r e a s e  i n  
C I 1  . ,  s t  

popula t ion  i n  Arizona. ~h'e White Mountain Apache g i b e  has  b u i l t  a  
. - 

s e r i e s  of l akes  f o r  t r o u t  f i s h i n g ,  s e r v i c e  s t a t i o n s ,  mote l s ,  boat l anding  

f a c i l i t i e s ,  and camp grounds, t o  t ake  c a r e  of t h i s  r e c r e a t i o n  demand, and 

employe many of i t s  members i n  main ta in ing  and ope ra t i ng  t h e i r  p r o j e c t s .  

Economic growth on t h e  G i l a  River Reserva t ion  has  been r e t a r d e d  due t o  

an i n s u f f i c i e n t  water  supply f o r  t h e i r  San Car los  I r r i g a t i o n  P r o j e c t .  

However: t h e  va lue  of c rops  produced on the  San ~ a r l o s  I r r i g a t i o n  P r o j e c t  

has  reached approximately e leven  m i l l i o n  d o l l a r s ,  of which approximately 

two and a  h a l f  m i l l i o n  d o l l a r s  i s  on t h e  G i l a  River  Reservat ion.  

Rec rea t iona l ,  C u l t u r a l ,  and S c i e n t i f i c  Dqelopment .  

The Colorado River  a t t r a c t s  g r e a t  numbers of people  because of r e c r e a t i o n a l  

va lues .  During hol idays  and week-ends r e c r e a t i o n a l  use of t h e  r i v e r  i s  

excep t iona l ly  heavy. Most of t he  use i s  by people  from Los Angeles and 

o t h e r  southern  C a l i f o r n i a  a r ea s .  One of t h e  f a v o r i t e  p l aces  i s  a  s t r e t c h  

of r i v e r  on the  Colorado River Reserva t ion  upstream from Headgate Rock 

Dam, where t he  cons t an t  water  l e v e l  maintained by t h e  dam f u r n i s h e s  

e x c e l l e n t  boa t ing  and o t h e r  water  s p o r t  a c t i v i t i e s .  The sho re s  o u t s i d e  

t he  r e s e r v a t i o n  a r e  occupied almost s o l i d l y  w i t h  r e c r e a t i o n a l  e n t e r p r i s e s  

and r i v e r  f r o n t  home developments. Also motels and r i v e r  f r o n t  homes 

occupy a  l a rge  p a r t  of t h e  shore l i n e  on the  t h r e e  mi les  of r i v e r  w i t h i n  

t h e  r e s e r v a t i o n  above Headgate Rock Dam. Downstream from Headgate Rock 



Dam a r e  53 miles  of r i v e r  on which very  l i t t l e  development has taken p l a c e ,  

although the  p o t e n t i a l  i s  g r e a t  and the re  have been many i n q u i r i e s  regard ing  

c o m e r c i a l  developments along t h i s  s t r e t c h  of t h e  r i v e r .  Adequate ground 

has been reserved along the  r i v e r  f r o n t  f o r  r e c r e a t i o n a l  development 

ins tead  of a g r i c u l t u r a l  development. The cons tan t  water  l e v e l  above Pa lo  

Verde Diversion Dam i s  p a r t i c u l a r l y  a t t r a c t i v e  f o r  water  s p o r t  a c t i v i t i e s .  

Channel izat ion of the  Colorado R i v e r ,  such a s  has  been done below Davis 

Dam, w i l l  add g r e a t l y  t o  the r e c r e a t i o n a l  va lue  of t h e  r i v e r ,  i f  r e c r e -  

a t i o n a l  p o s s i b i l i t i e s  a r e  considered i n  design of t he  channe l i za t ion  works. 
I - 

THE WATER PROBLEM 
, 3 -  ' 

H i s t o r i c a l  Backgrbund 

I r r i g a t i o n  has  been p rac t i ced  by t h e  Indian  Tr ibes  s i n c e  before  t h e  coming 

of Europeans t o  the American c o n t i n e n t .  P r e h i s t o r i c  c a n a l s  a r e  i n  evidence 
. . 

a t  s e v e r a l  of t he  Reservat ions e s p e c i a l l y  on t h e  Gi l a  and S a l t  River  Reser- 

vations-,  and remains of anc ien t  v i l l a g e s  a r e  found on almost every r e se rva t ion .  
.:.I . 

The Pima Indians  furn ished  g ra ins  and o ther  food s t u f f s  t o  the  f i r s t  whi te  

s e t t l e r s  coming t o  t he  a r e a  and t o  those  t r a v e l i n g  t o  Ca l i fo rn i a .  The 

Apache Indians  were r a i s i n g  co rn ,  beans,  and o t h e r  food s t u f f s  when f i r s t  

encountered by the  whites .  The Mohave, Chemeheuvi, Yuma, and Cocopah 

Indians  of t h e  Colorado River v a l l e y s  prac t iced  a  method of i r r i g a t i o n  

which was dependent on overflow of t h e  lands by sp r ing  f loods  of t h e  

Colorado River.  

The Colorado River Indian  Reserva t ion  was e s t ab l i shed  by Act of Congress,  

approved by the  Pres ident  March 4 ,  1865, f o r  s e t t l emen t  of Indians of t he  

Colorado River  and i t s  t r i b u t a r i e s .  I n  1866 a  survey f o r  a n  i r r i g a t i c n  
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Dam a r e  53 miles  of r i v e r  on which very l i t t l e  development has taken p l ace ,  

although the  p o t e n t i a l  i s  g r e a t  and there  have been many i n q u i r i e s  regard ing  

commercial developments along t h i s  s t r e t c h  of t he  r i v e r .  Adequate ground 

has been reserved a long  the r i v e r  f r o n t  f o r  r e c r e a t i o n a l  development 

ins tead  of a g r i c u l t u r a l  development. The cons tan t  water  leve 1 above Palo 

Verde Diversion Dam i s  p a r t i c u l a r l y  a t t r a c t i v e  f o r  water  s p o r t  a c t i v i t i e s .  

Channel izat ion of t he  Colorado R i v e r ,  such a s  has been done below Davis 

Dam, wf 11 add g r e a t l y  t o  the r e c r e a t i o n a l  va lue  of t h e  r i v e r ,  i f  r e c r e -  

a t i o n a l  p o s s i b i l i t i e s  a r e  considered i n  des ign  of t he  channe l i za t ion  works. 
I - 

THE WATER PROBLEM - 
, s i r -  

H i s t o r i c a l  Badcgrbund 

I r r i g a t i o n  has  been p rac t i ced  by t h e  Indian  Tr ibes  s i n c e  before  t h e  coming 

of Europeans t o  the American con t inen t .  P r e h i s t o r i c  c a n a l s  a r e  i n  evidence 

a t  s e v e r a l  of t he  Reservat ions e s p e c i a l l y  on the  Gi l a  and S a l t  River  Reser- 

vations*, and remains of anc ien t  v i l l a g e s  a r e  found on almost every r e se rva t ion .  
'. f 

The Pima Indians  furn ished  g r a i n s  and o the r  food s t u f f s  t o  the  f i r s t  white  

s e t t l e r s  coming t o  t h e  a r e a  and t o  those t r a v e l i n g  t o  Ca l i fo rn i a .  The 

Apache Indians  were r a i s i n g  c o r n ,  beans, and o the r  food s t u f f s  when f i r s t  

encountered by the  whites .  The Mohave, Chemeheuvi, Yuma, and Cocopah 

Indians of t he  Colorado River v a l l e y s  prac t iced  a methad of i r r i g a t i o n  

which was dependent on overflow of the  lands by s p r i n g  f loods  of t h e  

Colorado River.  

The Colorado River Indian  Reserva t ion  was e s t a b l i s h e d  by Act of Congress, 

approved by the  Pres ident  March 4 ,  1865, f o r  s e t t l emen t  of Indians of the  

Colorado River and i t s  t r i b u t a r i e s .  I n  1866 a survey f o r  an  i r r i g a t i m  



cana l  was made, and an app rop r i a t i on  of $50,000 was made by Act a f  

March 2 ,  1867, f o r  beginning c o n s t r u c t i o n  on the  cana l .  This  was khe 

f i r s t  app rop r i a t i on  by the  United S t a t e s  Congress f o r  i r r i g a t i o n  purposes .  

A second app rop r i a t i on  of $50,000 was made on J u l y  27, 1868. Water was 

f i r s t  turned i n  t he  cana l  on J u l y  4 ,  1870. Due t o  g r e a t l y  f l u c t u a t i n g  

l e v e l s  of t h e  Colorado River ,  t h e  cana l  could be used only  du r ing  f l ood  

per iods  and the  c rops  suf fe red  f o r  water  du r ing  low s t ages .  I n  1872 an  

app rop r i a t i on  was made by Congress f o r  ex t ens ion  of t h e  c a n a l  upstream, 

inc luding  f o u r  t u n n e l s ,  aggrega t ing  4,158 f e e t  i n  l e n g t h ,  t o  Headgate 

Rock. The ex t ens ion  was completed June 23, 1874. Due t o  d i f f i c u l t y  i n  

main ta in ing  t h e  t unne l s  t h i s  work was no t  s u c c e s s f u l .  Diversion at h igh  

s t a g e s  of t h e  r i v e r  were cont inued when poss ib l e .  

I n  1899 a  steam engine  and a  15" c e n t r i f u g a l  pump were i n s t a l l e d  and 

operated u n t i l  1912. I n  1912 a  steam pumping p l a n t  con ta in ing  two 20" 

c e n t r i f u g a l  pumps w i t h  a  c a p a c i t y  of 25 c . f . s .  each ,  was cons t ruc t ed .  

I n  1918 a  36" c e n t r i f u g a l  pump w i t h  a  c a p a c i t y  of 75 c . f . s .  was added. 

D ie se l  engine power rep laced  t h e  steam power i n  1929. Cons t ruc t ion  of 

Headgate Rock Pam ac ros s  t he  Colorado River was au thor ized  by Congress 

August 30,  1935. Cons t ruc t ion  of t h e  dam was completed i n  1941. The 

3-mile s e c t i o n  of c a n a l  connect ing Headgate Rock Dam w i t h  the  o ld  i r r i g a -  

t i o n  system was completed i n  June 1942. 

The maximum a r e a  i r r i g a t e d  p r i o r  t o  c o n s t r u c t i o n  of t h e  dam was approx- 

imately 6,500 ac re s .  Approximately 35,000 a c r e s ,  n e t ,  a r e  p re sen t ly  

i r r i g a t e d .  

Estimate of Presen t  S i t u a t i o n .  

With t h e  d e f i n i t e  es tab l i shment  of r i g h t s  t o  use w a t e r ,  t h e  Ind ian  lands 
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along t h e  Colorado River mainstream can be developed w i t h  assurance  of 
L 

continued ope ra t i on  and economic success .  The lands a r e  product ive  and 

the  market i s  good because of t h e  proximity t o  t h e  l a r g e  popula t ion  c e n t e r s  

of sou thern  Ca l i fo rn i a .  

On t r i b u t a r y  s t reams the  l im i t ed  water  supp l i e s  a t  lower e l e v a t i o n s  have 

r e s t r i c t e d  development except  where groundwater i s  be ing  pumped. The 

groundwater i s  be ing  mined and the  economic l i m i t  f o r  pumping w i l l  be 

reached w i t h i n  t he  f o r e s e e a b l e  f u t u r e .  It i s  e s s e n t i a l  t h a t  a new water  

supply be secured f o r  r e s e r v a t i o n s  such a s  the  Ak Chin, G i l a  R ive r ,  Papago, 

and San Xavier.  Approximately 46,500 a c r e s  on t h e s e  r e s e r v a t i o n s  a r e  

e n t i r e l y  dependent on pumped groundwater and approximately 100,000 a c r e s  

on t h e  San Car los  I r r i g a t i o n  P r o j e c t  are p a r t i a l l y  dependent on pumping 

from groundwater. 

The Reservat ions on t r i b u t a r i e s  h igher  on watersheds of t h e  G i l a  and S a l t  

Rivers  have adequate  t o t a l  sources  of water  but f u l l  use i s  not  made of 

the water  s u p p l i e s  because of phys i ca l  cond i t i ons  of t h e  i r r i g a t i o n  systems,  

o r  l a c k  of s t o r a g e  capac i ty .  The Bureau of Ind ian  A f f a i r s  and T r i b a l  

Councils on t he se  r e s e r v a t i o n s  p lan  t o  proceed e n e r g e t i c a l l y  on programs 

f o r  use of t h e  wa te r s  on t h e s e  r e s e r v a t i o n s .  

E f f e c t s  of Recent Supreme Court Decis ions 

The Supreme Court Decision has  e s t a b l i s h e d  d e f i n i t e l y  t he  amount of wa te r  

t o  which t h e  I n d i a n  lands a long  t h e  mainstream of t h e  Colorado River  a r e  

e n t i t l e d .  Although the t r i b u t a r y  s t ream r e s e r v a t i o n s  were not  inc luded  

i n  t h e  dec i s ion ,  t he  b a s i c  d o c t r i n e  by which water  r i g h t s  a r e  claimed f o r  

Ind ian  r e s e r v a t i o n s  was r ea f f i rmed .  With t h i s  d e c i s i o n ,  p lans  can  be made 

w i t h  confidence and development of t h e  lands can proceed. 



E f f e c t s  of Arizona-Cal i fornia  Boundary Se t t lement  

Se t t lement  of t h e  Ar izona-Cal i forn ia  boundary l o c a t i o n  w i l l  not have a  g r e a t  

e f f e c t  on Ind ian  l ands ,  s i n c e  t h e  a r ea s  of Ind i an  Reserva t ion  lands  involved 

i n  adjustment  of t h e  boundary l o c a t i o n  a r e  small. 

E f f e c t s  of Publ ic  Land Use and Di spos i t i on  

Very l i t t l e  of t h e  pub l i c  land i n  t h e  lower Colorado River  b a s i n  i s  used 

by I n d i a n s ,  a s  t h e i r  a c t i v i t i e s  gene ra l l y  a r e  confined t o  t h e i r  r e s e r v a t i o n s  

or  i n  c i t i e s  and towns. The d i s p o s i t i o n  of pub l i c  l a n d s ,  t h e r e f o r e ,  w i l l  

have l i t t l e  e f f e c t  on Ind ian  a f f a i r s .  

Fu ture  Water Needs 

The p r i n c i p a l  f u t u r e  water  needs on Ind ian  Reserva t ions  a long  the  mainstream 

w i l l  be f o r  f u l l  development of 136,636 a c r e s  of i r r i g a t e d  lands f o r  which 

t h e  Supreme Court has a l l o c a t e d  wa te r .  Accompanying t h i s  expansion w i l l  

be a  moderate expansion of munkcipal,  i n d u s t r i a l ,  and r e c r e a t i o n a l  needs.  

The f u t u r e  needs of t h e  r e s e r v a t i o n s  on t r i b u t a r i e s  w i l l  inc lude  municipal  

and i n d u s t r i a l  uses  r equ i r ed  a s  t h e  urban a r e a s  of Phoenix and Tucson 

expand on nearby r e s e r v a t i o n s  and a s  i n d u s t r i a l  developments a r e  made on 

the  o t h e r  r e s e r v a t i o n s .  Addi t iona l  a g r i c u l t u r a l  use of water  w i l l  p r i m a r i l y  

be! f o r  augmenting e x i s t i n g  s u p p l i e s ,  o r  replacement of water  now be ing  

pumped from groundwater. Use of water  f o r  r e c r e a t i o n a l  purposes i s  

important economically but t h e  q u a n t i t i e s  of water  involved a r e  r e l a t i v e l y  

small .  

PRESENT WATER SUPPLIES AND USES 

Lower Colorado River  Main Stream Water 

(See accompanying t a b u l a t i o n  e n t i t l e d  "Present  Water Use P r o j e c t s  
(Water Suppl ies  and Uses on Ind ian  Reservat ions."  

Presen t  u se s  of water  of t he  mainstream of t h e  Lower Colorado River  on 

Ind ian  Reservat ions a r e  a t  t h e  Colorado R ive r ,  Yuma, and Cocopah 



PRESENT WATER SUPPLIES AND USES ON I N D I A N  RESERVATIONS 
Page 1 of 2 

RESERVATION 

MAINSTREAM 
Arizona 

Cocopah 
Colorado River 
F o r t  Mohave 

Sub to t a l  
C a l i f o r n i a  

Chemehuev i 
Colorado River  
F o r t  Mohave 
Yuma 

S u b t o t a l  
Nevada 

F o r t  Mohave 
TOTAL - Mainstream 

TRIBUTARIES 
Arizona 

Ak Chin 
Camp Verde 
F o r t  Apache 
F o r t  McDowe 11 
Gi l a  Bend 
Gi l a  River*** 
Havasupai 
Hopi 
Hualapai 
Kaibab 
Navajo 
Papago 
S a l t  River  
San Carlos  Res. 
San Car. Irr . Pr W 
San Xavier 
Yavapai (Prescot  t 

Sub to t a l  
New Mexico 

Navajo 
Zuni 

Sub to t a l  
Nevada 

Moapa 

TOTAL - T r i b u t a r i e s  

Source 

IRRIGATION 
Diversion 

Acres Capacity Actua l  
A.F. A.F. 

Colo. River  
11 11 

Colo. River 
I 1  I 1  

I 1  11 

1 1  I I 

Colo River 

Wells 
Verde River  
Streams 
Verde River  
Wells 
Wells  
Havasu C r .  
Misc .Washes 
Spr ings  & C r .  
Springs & Wash 
Lit.Col.R.& 'Ilib. 5,635 24,140 
Wells & Washes 4,700 13,600 
S a l t  Riv.& Wells 12,625 57,480 
G i l a  & San C.Riv. 2,326 14,000 
Gi l a  R. & Wells 102,090 612,540 
Wells 1 ,600 7,040 - - 

165,511 899,330 

Muddy River  571 3,540 

A l l  S t a t e s  174,426 929,690 

MUNICIPAL & INDUSTRIAL 
Diversion 

Source Capaci ty  Actual  
A.F. A.F. 

Wells 20 
I 1  2,000 

Colo.Riv. Minor 
Wells 150 - 0 
C i t y  & Wells 150 

3 00 

Wells 30 
Wells 30 
Streams 2,000 
Wells 5 0 
Wells 20 
Wells 1,000 
Wells 40 
We 11s 300 
Peach Springs 100 
Springs 40 
Wells & Spr.  6,000 
Wells 150 
Phx.& Mesa Sys. 100 
Wells 1,500 

10 
1,300 

0 
1,310 

Minor 
100 

0 
100 
200 

0 
1,510 

20 
20 

1,220 
3 0 
10 

750 
20 

210 
5 0 
20 

5,160 
100 
5 0 

1,000 
(1nc l . i n  I r r i g a t i o n  Use) 
Wells 7 0 20 
C i ty  of P r e s c o t t  

11,430 8,680 

Wells & Spr. 110 110 
11 1 1  3,900 380 

4,010 490 

Muddy Riv. 10 10 

* Consumptive use on s trearn not  included . 
** including San Car los  I r r i g a t i o n  and Drainage D i s t r i c t ,  F lo rence ,  Casa Grande P r o j e c t ,  and 

*** Excluding San Car los  P ro j ec t .  

RECREATION, 
FISH & WILDLIFE 

Diversion 
Source Actual  

A.F. 

- - 
Ponds 5 ,2009; 

Colo . Riv. d; 

5,200 

- - 
Verde Riv. * 
Lake s 1,000 
Verde Riv. * 

- - 
Wells 100 
Havasu C r .  * 
Misc .Washes 200 
Colo.River - 
Springs 15 0 
Lakes 3,900 - - 
S a l t  River  * 
Lakes 7 20 
( 1 n c l . i n  1r r ig .Use)  

- - 

Lakes 5 00 
I t  150 

650 

Muddy Riv. JC 

LIVESTOCK 
Diversion 

Source Actual 
A.F. 

Colo .River 

Wells 
Verde Riv. 
Ponds 
Verde Riv. 
Wells 
Wells 
Havasu C r .  

Minor 
I I 

I I 

* 
Minor 

I 1  

I 1  

Minor 
Minor 

30 * 
1,9lb* 

30 
10 
5 0 * 

Ponds & Wells 840 
Ponds & Wells 1,100 
Ponds & Spr. 26 0 
Wells & Ponds 14,200 
Wells & Ponds 1,880 
Wells & Sa1t.R 10'k 
Ponds 3 ,  440* - - 

- Minor 

Wells & Ponds 290 
I 1  11 930 

1,220 

Muddy Riv. 10 

San Carlos  P r o j e c t  Ind i an  Unit  l ands .  

TOTAL 
Diversion 

Actua l  
A.F. 

Minor 
100 



PRESENT WATER SUPPLIES AND USES ON INDIAN RESERVATIONS 
Page 2 of 2 

RESERVATION 
IRRIGATION 

D i v e r s i o n  
Source  Acres  Capac i ty  A c t u a l  

INLAND BASIN 
C a l i f o r n i a  

Agua C a l i e n t e -  
Palm S p r i n g s  

August i n e  
Cabazon 
Miss ion  Creek 
Morongo 
Tor res -Mar t inez  

S u b t o t a l  

COASTAL 
Southern  C a l i f o r n :  

Barona 
La J o l l a  
P a l a  

Pauma - Yuima 
Pechanga 
Rincon 

San Manuel 
Soboba 

Vie j a s  
S u b t o t a l  

- - - 

Colo .River  543 2 ,942 
Co l o .  R i v e r  1 , 5 2 1  8 ,320 
Miss ion  Creek 110 550 
P o t r e r o  C r  .& Well 220 880 
Co l o .  R i v e r  209 36,383 

2 ,603 49,075 

We 11 60 
Ypecha C r .  184 
San L u i s  Rey 
River  & Wel l s  6 20 
Pauma & Ysedro C r .  21 

- - 
San Lu is  Rey 
R i v e r  & Wel l s  558 
Bear V a l l e y  Wat .Co. 9 
East.Mun.Wat.Co. 185 

Well 5 
1 , 6 4 2  

TOTAL - ALL RESERVATIONS 

MUNICIPAL & INDUSTRIAL 
Divers  i o n  

Source  Capac i ty  A c t u a l  
A.F . A.F. 

San Andres & - 
Tahqui tz  C r .  - - 
Wells 10 
Miss ion C r .  - 
Tunnel & Well  80 
Wells  2 0 

110 

Well 3 0 
Ypecha C r .  10 

Well 150 
Well 40 
Spr i ng 16 

We 11 100 
Well 5 0 
E a s t e r n  Muni- 
c i p a l  Water Co. 150 
Well 

RECREATION, 
FISH & WILDLIFE 

D i v e r s i o n  
iource  A c t u a l  

LIVESTOCK 
D i v e r s i o n  

Source  Ac tua l  
A.F. 

TOTAL 
D i v e r s i o n  

A c t u a l  



Reserva t ions .  The Colorado River  I r r i g a t i o n  P ro jec t  d i v e r t s  approximately 

450,000 ac re - f ee t  of water  annual ly f o r  i r r i g a t i o n  of approximately 40,000 

a c r e s  (35,000 a c r e s  n e t )  of Indian  lands ,  and r e t u r n s  t o  the  r i v e r  through 

dra inage  c a n a l s  approximately 270,000 a c r e - f e e t .  

Ind ian  lands of the  Fo r t  Yuma and Cocopah Indian  Reservat ions a r e  served 

through the  i r r i g a t i o n  system of t he  Yuma P r o j e c t  of t h e  Bureau of Recla- 

mation, On t h e  F o r t  Yuma Reservat ion a r e  7,743 a c r e s  of i r r i g a b l e  lands ,  

and on the  Cocopah Reservat ion t h e r e  a r e  431 a c r e s  of i r r i g a b l e  lands. 

Also on the  Yuma Pro jec t  a r e  480 ac re s  of homestead a l lo tments  belonging 

t o  Yuma Ind ians  and served by t h e  Yuma P r o j e c t .  The q u a n t i t i e s  of  water  

used f o r  t h e  Yuma homestead lands a r e  included i n  t he  accounting of the 

Bureau of Reclamation f o r  t h e  Yuma P r o j e c t .  

Colorado River Land Use A c t i v i t y  

F i s h  and W i l d l i f e  

On the  Colorado River  Reserva t ion  a r e  s i x  s loughs having approximately 

150 a c r e s  of water  su r f aces  now providing f i s h e r i e s  which r ece ive  consid- 

e r a b l e  use. I n  a d d i t i o n  t h e r e  is a csmmexia l  f i s h  farm con ta in ing  408 

a c r e s ,  which d e r i v e s  i t s  water  supply by pumping d i r e c t l y  from t h e  Colorado 

River.  The t o t a l  su r f ace  a r e a  of these fhsherLes i s  558 a c r e s ,  which is 

i n  additi .on t o  t h e  f i s h e r y  provided by the Colorado River  i t s e l f .  

Municipal 2nd I n d u s t r i a l ,  

Present  uses  of water  for municipal  and i n d u s t r i a l  purposes on the  

Colorado River a r e  approximately 1,400 acre-feet per  y e a r .  This  i s  

exc lus ive  s f  t he  c i t y  of Parker ,  and t h e  popula t ion  ad jacent  t o  t h e  r e s e r -  

va t ion .  It inc ludes  the  use of water  a t  Government administered bui ld ings  

and grounds. Use s f  water f o r  municipal and i n d u s t r i a l  purposes a t  t h e  

o the r  mainstream r e s e r v a t i o n s  is  minor, t he  g r e a t e s t  being 100 &re- fee t  

a t  F o r t  Yuma. 
10 



Lower Colorado River T r ibu t a ry  Areas 

Water Use 

I r r i g a t i o n  

Presen t  use of water  f o r  i r r i g a t i o n  i s  made on 18 r e s e r v a t i o n s  on 

t r i b u t a r i e s  of t h e  lower Colorado River .  These r e s e r v a t i o n s  and t h e i r  

uses  of water  a r e  shown i n  t h e  accompanying t a b u l a t i o n  e n t i t l e d :  

ItPresent Water Supply and Uses on Ind i an  Reservat ions" .  

Southern C a l i f o r n i a  

Water Use 

Southern C a l i f o r n i a  Ind i an  a r e a s  may be divided i n t o  two groups,  those 

i n  t he  in land  bas in  and those  i n  the  c o a s t a l  r eg ion .  I n  t h e  iwdand 

bas in  a r e  s i x  r e s e r v a t i o n s .  I n  t he  c o a s t a l  a r e a  a r e  nine r e s e r v a t i o n s .  

The i r  use of water  i s  shown i n  t h e  t a b u l a t i o n  e n t i t l e d  "Present  Water 

Suppl ies  and Uses on Ind i an  Reservat ions" .  

FUTURE WATm DEMANDS AND SUPPLIES 

Water Demands 

The f u t u r e  demand f o r  water  on Ind i an  Reserva t ions  a long  t h e  mainstream 

w i l l  be p r i n c i p a l l y  f o r  a g r i c u l t u r a l  purposes .  The p r i n c i p a l  f u t u r e  water  

needs on Ind ian  Reservat ions along the  mainstream w i l l  be f o r  f u l l  develop- 

ment of 136,636 a c r e s  of i r r i g a t e d  lands .  AccompanyLng thbs  expansion w i l l  

be a  moderate expansion of munic ipa l ,  i n d u s t r i a l ,  and r e c r e a t i o n a l  needs.  

On t h e  r e s e r v a t i o n s  on t r i b u t a r i e s ,  t he  Sutcre  needs w i l l  i nc lude  munic- 

i p a l  and i n d u s t r i a l  uses  a s  t h e  urban a r e a s  of Phoenix and Tucson expand 

t o  r e s e r v a t i o n  a r ea s .  A g r i c u l t u r a l  use of water  p r i n c i p a l l y  w i l l  be f o r  

augmenting e x i s t i n g  s u p p l i e s ,  o r  replacement of wa te r  now be ing  pumped 

from w e l l s .  Use of water  f o r  r e c r e a t i o n a l  purposes i s  important  econom- 

i c a l l y  but t he  q u a n t i t i e s  of water  involved a r e  r e l a t i v e l y  small. 
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The t a b u l a t i o n s  e n t i t l e d  "Future Water Demands and Suppl ies  on Ind ian  

Reservat ions - Phase I ,  Immediate Action Program, Phase 11, Long Range 

Program", show the  need a t  each r e s e r v a t i o n .  

P o s s i b i l i t i e s  f o r  Augmentation of Future Supplies  from Present  Sources 

Conservation of Avai lable  Water 

P r i n c i p a l  p o s s i b i l i t i e s  of conserva t ion  of water on I n d i a n  Reserva t ions  

a r e  f r ~ n  t h e  e l imina t ion  of phreatophytes  a long  t h e  mainstream rese rva -  

t i o n s  and on the  San Carlos Reservoir  a r e a  on the  San Carloe Reoervation; 

the  cap tu re  of f lood  flows on the  Papago Reservat ion now wasted before 

reaching  i r r i g a t i o n  p r o j e c t s ;  and by l i n i n g  of cana l s  and d i t c h e s  on 

a l l  r e s e r v a t i o n s .  Improved farm p r a c t i c e s  can be appl ied  on r e s e r v a t i o n s ,  

as elsewhere. Very probably t h e  e f f e c t s  of u rban iza t ion  w i l l  be noted on 

t h e  S a l t  River Reservat ion i n  t h e  near f u t u r e .  The i r r i g a t e d  a r e a  on 

t h i s  r e s e r v a t i o n  is only a p a r t  of the  a r e a  a v a i l a b l e  f o r  urbaniza t ion  

and whi le  t h e r e  may be a ne t  savings of water on the i r r i g a t i c n t r a c t s ,  

a wubs tan t ia l  amount of a d d i t i o n a l  water  w i l l  be required i n  t he  process  

of urbaniza t ion .  

Improvement of Watershed Yie lds .  

The Bureau of Indian  A f f a i r s  has shown t h a t  graz ing  va lues  may be 

increased by proper long range watershed t rea tment ,  and t h a t  accompanying 

the  t reatment  t h e r e  probably w i l l  be an inc rease  i n  water  y i e l d .  The 

i n c ~ e a s e  i n  graz ing  va lues  has d e f i n i t e l y  been demonstrated,  but increase  

i n  water y i e l d s  i s  more d i f f i c u l t  t o  determine. I n v e s t i g a t i o n s  by the  

tl. S, Fores t  Serv ice  and S o i l  Conservation Serv ice  a t  s e v e r a l  experimental  

s t a t i o n s  have ind ica ted  t h a t  water  y i e l d s  w i l l  be increased  when undes i rab le  

brush and timber i s  replaced by g r a s s .  



FUTURE WATER DEMANDS AND SUPPLIES ON INDIAN RESERVATIONS 

PHASE I ,  IMMEDIATE ACTION PROGRAM 
(Uses P r i o r  t o  1990 - Excluding P r e s e n t  Uses) 

Shee t  1 of 2 

RESERVATION 
RECREATION, 

MUNICIPAL & INDUSTRIAL FISH & WILDLIFE 
Source  Acre-Feet  Source Acre-Feet  

IRRIGATION ( A d d i t i o n a l )  
Source Acres Acre-Feet  

LIVESTOCK 
Source Acre-Feet  

TOTAL 
Acre-Feet  

MAINSTREAM 
Arizona 

Cocopah 
Colorado R i v e r  
F o r t  Mohave 

S u b t o t a l  

826 
212,400 

95,462 
308,688 

11,227 
54,204 
13,562 

(Drainage 
78,993 

12,410 

400,091 

l7,OOO - 
19,490 
4 ,440  
1 ,600  

37,340 
3 10 

2,780 
230 

280 - 
64,680 

W e l l s  
Colo.R.6 Wel ls  

I 1  11 11 

Colo.River Minor 
11 I I - 
I I I I - 

- - 
Colo.R.& Wel l s  - 

I 1  I 1  11 11 - 

C a l i f o r n i a  
Chemehuevi Colo.River 

I I 11 

11 I I 

C i t y  & Wel l s  

Colo .River  - 
Co l o .  R ive r  - 

11 11 - 
11 11 - 

Colorado River  
F o r t  Mohave 
Yuma 

S u b t o t a l  
Nevada 

F o r t  Mohave Colo .River  Colo .River  

TOTAL - Mainstream 

TRIBUTARIES 
Arizona 

Ak Chin 
Camp Verde 
F o r t  Apache 
F o r t  McDowell 
G i l a  Bend 
G i l a  R iver  * 
Havasupai 
Hopi 
Hualapai  

Wells & C 0 . R .  
Verde Riv. 
White  Riv.  
Verde River  
W e l l s  
Wel l s  & Co1o.R. 
Havasu C r .  
Misc.Washes 
Misc . 

Wel l s  
Wells 
Streams 
We 11s 
Wel l s  
We 11s 
Havasu C r .  
Wel l s  
Peach S p r i n g s  

& Colo.Riv.  
S p r i n g s  
Wel l s  & S p r i n g s  
We 11s 
Phx.& Mesa Sys. 

& Wel l s  
Wel l s  

- 

Wells  
Verde Riv .  
Ponds 
Verde Riv.  
W e l l s  
Wel ls  
Havasu C r .  
Ponds 

Lakes 
Verde River  

- 
Havasu C r .  
Lakes 

Colo.River 
S p r i n g s  
Lakes 
Ponds 

Wel ls  & Ponds 1 ,620  
Ponds & Spr .  - 
Wells & Ponds - 
Wells & Ponds 2 ,580 

Kaibab 
Navajo 
Papago 
S a l t  R i v e r  

S p r i n g s  & Washes - 
L i t t l e  Colo.& T r i b .  - 
Wells  & Co1o.R. 12,000 
S a l t  R. & Wel l s  U r b a n i z a t i o n  

S a l t  R ive r  
Lakes 

Wells  & S a l t  R - 
Ponds 2 ,760 San C a r l o s  Reserv .  

San C a r . I r r . P r o j .  
San Xavier  
Yavapai ( P r e s c o t t  ) 

S u b t o t a l  
New Mexico 

Navajo 
Zuni 

S u b t o t a l  
Nevada 

Moapa 

TOTAL - T r i b u t a r i e s  

G i l a  & San C.Ri. 3 ,400 25,220 
Co1o.R. & Wells  - 338,540*. - - 

Wells & Ponds - Wel l s  - Wel l s  
P r e s c o t t  Sys. 

- 
- L i t . C ~ . ~ i . &  T r i .  - 

I 1  I t  11 11 - 
- 

Lakes - Wells & Ponds - 
- - 

- 

Muddy River  Muddy R i v e r  20 

A l l  S t a t e s  20,874 

Exc lud ing  San C a r l o s  P r o j e c t .  ** Based on dec reed  d i v e r s i o n  r i g h t  of 6 a c r e - f e e t  p e r  a c r e .  



RESERVATI ON 

INLAND BASIN 
C a l i f o r n i a  

Agua C a l i e n t e -  
Palm S p r i n g s  

August ine  
Cabezon 
Miss ion  Creek 
Morongo 
Tor res -Mar t inez  

S u b t o t a l  

COASTAL 
Southern  C a l i f o r n i a  

Barona 
La J o  1 l a  
P a l a  
Pauma - Yuima 
Pec hanga 
Ri ncon 
San Manuel 
Soboba 
Vie j a s  

S u b t o t a l  

FUTURE WATER DEMANDS AND SUPPLIES ON INDIAN RESERVATIONS 

PHASE I ,  IMMEDIATE ACTION PROGRAM 

(Uses P r i o r  t o  1990 - Excluding P r e s e n t  Uses) 
Shee t  2 of 2 

IRRIGATION ( A d d i t i o n a l )  
Source  Acres  Acre-Feet  

TOTAL - ALL RESERVATIONS 

- 
Colorado River  
Colorado River  

- 
- 

Colorado  River  

Not Determined 
1 1  1 1  

I t  1 1  

- 
- 

Not Determined - 
Not Determined 

I t  1 1  

MUNICIPAL & INDUSTRIAL 
Source  Acre-Feet  

Not Determined 
Colorado R i v e r  
Colorado River  - 
Not Determined 
Colorado River  

Not Determined 
1 1  I  I  

I  I  I !  

1 1  1 1  

Not Determined 
- 

Not Determined 
1 1  I I  

RECREATION, 
FISH & WILDLIFE 

Source Acre-Feet  
LIVESTOCK 

Source Acre-Feet  
TOTAL 

Acre-Feet  





RESERVATION 

INLAND BASIN 

C a l i f o r n i a  
Agua Ca l i en t e  - 

Palm Springs 
Augustine 
Cabezon 
Mission Creek 
Morongo 
Torres-Martinez 

Sub to t a l  

COASTAL 
Southern C a l i f o r n i a  

Barona 
La J o  1 l a  
Pa l a  
Pauma-Yuima 
Pechanga 
Rincon 
San Manuel 
Soboba 
Vie j a s  

Sub to t a l  

TOTAL - ALL RESERVATI( 

FUTURE WATER DEMANDS AND SUPPLIES ON INDIAN RESERVATIONS 

PHASE 11. LOl4G RANGE PROGRAM 

IRRIGATION (Addit ional)  
Source Acres Acre-Feet 

- 
- 
- 

lot De. termined 
11 I  I  

- 

- 
- 
- 

lot Determined 
I! I t  

1 1  I  I 

- 
- 
- 

(Addit ional  Uses Af te r  1990) 
Sheet 2 of 2 

MUNICIPAL & INDUSTRIAL 
Source Acre-Feet 

RECREATION, 
FISH & WILDLIFE 

Source Acre-Feet 
LIVESTOCK 

Source Acre -Feet 
TOTAL - 

Acre-Feet 



THE PUN OF DEVELOPMENT 

Phase I - Immediate Act ion Programs. 

Author iza t ion  of Construct ion.  

Cons t ruc t ion  o r  completion of Lcwer Basin Ind i an  P ro j ec t s .  

Planned f o r  immediate a u t h o r i z a t i o n  by Congress a r e  t h e  proposed Vaiva Vo 

I r r i g a t i o n  P r o j e c t ,  a  f e a t u r e  of t h e  Santa Rosa Wash Mul t i p l e  Purpose 

P r o j e c t  on t h e  Papago Rese rva t ion ,  which has been planned by t h e  Corps 

of Engineers and the  Bureau of Ind ian  A f f a i r s ;  and the  White River 

I r r i g a t i o n  P r o j e c t  on t h e  F o r t  Apache Ind ian  Reserva t ion .  Also planned 

i s  the  complet ion of t h e  Colorado River  P ro j ec t  i r r i g a t i o n  system, and 

r e h a b i l i t a t i o n  and be t te rment  of t h e  San Car 10s Reserva t ion  I r r i g a t i o n  

systems. Improvement of d ra inage  of Ind ian  lands on t h e  Yuma P ro j ec t  of 

t h e  Bureau of Reclamation should be accomplished i n  t he  immediate f u t u r e .  

A program of c a n a l  l i n i n g  and o t h e r  bet terment  works on a l l  r e s e r v a t i o n s  

w i l l  be undertaken a s  r a p i d l y  a s  funds c a 3  be secured.  Urbanizat ion 

of r e s e r v a t i o n  a r e a s  near  Phoenix and Tucson, development of r e c r e a t i o n a l  

f a c i l i t i e s ,  mote l s ,  r e s o r t s ,  e t c . ,  w i l l  r e q u i r e  a d d i t i o n a l  uses  of wa te r .  

Watershed programs. 

A Bureau of I ~ d i a n  A f f a i r s '  Range-Sail Survey crew i s  working on the  F o r t  

Apache Ind ian  Reserva.t ioa prepar ing  a  resources  i n v e ~ o r y  on 1,664,872 

a c r e s  of range land. This  w i l l  provide a  complete inventory  which the  

Bureau w i l l  use t o  i n i t i a t e  maragement p lans  on t h e  watersheds of t h e  

F o r t  Apache Ind ian  Reserva t ion .  I n  a d d i t i o n ,  t h e  removal s f  undes i rab le  

vege t a t i on  w i l l  go forward or? a l l w a t e r s h e d s ,  at t h e  r a t e  of 35,000 a c r e s  

per  year.  I n  support  of t h e  watershed programs i t  w i l l  be  necessary  t o  

cont inue conserva t ion  p r a c t i c e s  which annual ly  approximate t h e  c o n s t r u c t i o n  

of 10 miles  of d i k e s ,  237 d i v e r s i o n  dams i n  p r o t e c t i n g  approximately 129 
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m i l e s  of gu l ly  hanks and s t ream beds, Approximately 12,000 a c r e s  w i l l  be 

seeded t o  improved grasses  each year .  

Recrea t ion ,  c u l t u r a l ,  and s c i e n t i f i c  programs. 

Rec rea t iona l  p r o j e c t s  us ing  wa te r  a r e  planned a t  t h e  proposed Santa  Rosa 

Wash M u l t i p l e  Purpose Pro jec t  on the  Papago Reservat ion.  This  p r o j e c t  has 

been planned by t h e  Corps of Engineers and the  Bureau of Ind ian  A f f a i r s ,  

and the  f e a s i b i l i t y  r epo r t  i s  near ing  eompletion. Expansion of r e c r e a t i o n a l  

a c t i v i t i e s  i s  proposed on the  F o r t  Apache, S a l  Ca r lo s ,  Colorado R ive r ,  Hopi, 

and Navajo Reservat ions,  The water  requirements  f o r  t h e s e  r e c r e a t i o n a l  

p r o j e c t s  a r e  shown on the  t a b l e  e n t i t l e d  "Future Water Demands and Suppl ies  

on I n d i a n  Reservat ions" .  

Author iza t ion  of P r i o r i t y  of Planning, 

Arizona P r o j e c t s .  

Headgate Rock Power P l a n t ,  

When t h e  Colorado River between, Headgate R ~ c k  Dam and Palo Verde Dam i s  

channel ized an a d d i t i o n a l  head can be made a v a i l a b l e  t o  improve t h e  

economic f e a s i b i l i t y  of a power p l a n t  a t  Headgate Rock Dam. Pre l iminary  

e s t ima te s  s f  c o s t s  acld revenues i n d i c a t e  t h , a t  a f e a s i b i l i t y  type s tudy  

should be made. Power produced a t  t h i s  p l a n t  may be de l ive red  i n t o  t h e  

ad ~ a c e n t  t r ansmis s ioa  12xr.e belongirig t o  t h e  B ~ r e s u  sf  Rec lamar i o n ,  and 

d i s t r i b u t e d  a s  a p a r t  of the  Caier Colorado River power genera t ion .  

Phase I T  - Long-Range Programs 

P r o j e c t  E n v e s t i g a f i s m  

Water Suppl;r, 

R e h a b i l i t a t i o n  and Bet termect  sf  Exis t ing  I r r i g a t i o n  P r o j e c t s .  

A l l  of t h e  Ind ian  i r r i g a t i o n  p r o j e c t s  a r e  i n  ceed of r e h a b i l i t a t i o n  and 

be t te rmect  ~f some type. These p r o j e c t s  Rave h e x  .in e x i s t e n c e  f o r  many 
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y e a r s .  Many s t r u c t u r e s  have almost served t h e i r  u s e f u l  l i f e ;  l i n i n g  of 

cana l s  and l a t e r a l s  i s  necessary;  many we l l  c a s ings  a r e  o l d ;  and on some 

r e s e r v a t i o n s  proper p r o t e c t i o n  aga ins t  f lood  damage has  not  been provided,  

The Bureau of Ind ian  A f f a i r s  i s  prepar ing  r e h a b i l i t a t i o n  and bet terment  

r e p o r t s  on t h e  r e s e r v a t i o n  i r r i g a t i o n  systems a s  r a p i d l y  a s  a v a i l a b l e  

manpower can do  i t .  A s  much of t he  r e h a b i l i t a t i o n  and be t te rment  work a s  

pos s ib l e  w i l l  be done under t h e  Immediate Action (Phase I )  program. Any 

works not completed w i l l  be done under t h e  Long Range (Phase If) program. 

Ground-water p r o j e c t s .  

Ground-water p r o j e c t s  on Ind i an  r e s e r v a t i o n s  i n  C e n t r a l  Ar i tona  L re  f a c i n g  

t h e  most s e r i o u s  prospect  of d e p l e t i o n  of ground-water r e s e r v e s .  This  i s  

e s p e c i a l l y  t r u e  a t  t he  Ak'Chin, G i l a  R i v e r ,  Papago, and San Xavier Reserva- 

t i o n s .  The only oppor tun i ty  f o r  con t inu ing  t h e s e  p r o j e c t s  i n t o  t h e  long- 

range f u t u r e  w i l l  be f o r  impor ta t ion  of water from t h e  Colorado River. There 

a r e  approximately 46,500 a c r e s  of such l ands ,  which r e q u i r e  approximately 

230,000 a c r e - f e e t  of w a t e r .  

Agency Programs. 

P ro j ec t  i n v e s t i g a t i o n s  should be c a r r i e d  ou t  f o r  t h e  F o r t  Mohave, and 

Chemehuevi Reserva t ions  on t h e  mainstream of t h e  Colorado R ive r .  Plans f o r  

t he se  p r o j e c t s  have not been completed,  alchough t h e i r  l o c a t i o n s  ad j acen t  

t o  t he  mainstream provide adeqbate  water  supply.  Uses of water  f o r  municipal  

and i n d u s t r i a l  purposes on almost a l l  of t he  r e s e r v a t i o n s  i s  known only i n  a  

genera l  way. The exac t  de te rmina t ions  of f u t u r e  requirements  should be 

i nves t i ga t ed  more thoroughly.  It i s  known f o r  c e r t a i n  t h a t  urban expansion 

on t h e  S a l t  River  Reserva t ion  i s  eminent ,  and p rospec t s  f o r  i n d u s t r i a l  



e n t e r p r i s e s ,  motels and r e s o r t s ,  have been proposed and a r e  being negot ia ted  

a t  t he  p re sen t  time a t  a  number of the  r e se rva t ions .  

S p e c i f i c  Inves t iga t ions .  

Watershed Management and Improvement. 

The 146,000 ac re  Cprduroy Watershed on the  F o r t  Apache Indian  Reserva t ion  i n  

Arizona was planned f o r  i n i t i a t i o n  of t rea tment  i n  1955. Gaging s t a t i o n s  

were e s t a b l i s h e d  and w i l l  remain u n t i l  d e f i n i t e  conclusions a r e  reached 

regard ing  the  e f f e c t  of t reatment  on watershed d ischarge ,  Treatment was 

completed i n  1959 inc luding  t h e  following: 

1. J u n i p e r ,  pinon, manzanita removal - 34,646 ac re s .  

2. Logging (p ine)  201,852,000 Board F e e t .  

3. Prescr ibed  burning (p ine)  - 17,880 ac re s .  

4. Logging Oak - 250 cords.  

5. S l a sh  burning - 2,900 ac re s .  

6 .  Grass  seeding - 9,361 ac re s .  

7. Roads and t r a i l s  - 80 mi l e s  

8. Fence cons t ruc t ion  and r e p a i r  - 30 mi les .  

To ta l  cos t  - $27l , l28 .  

Data c o l l e c t e d  by U.S.G.S. fo l lowing  t reatment  has  not  been publ ished.  

S tudies  a r e  i n  progress  on two c o n t r o l l e d  a r e a s  sa t he  F o r t  Apache I n d i a  

Reservat ion by t h e  U,S.G.S. One s tudy  i s  on the  Cibicue Ridge watersheds 

which a r e  composed s f  two smal l  watersheds each  w i t h  gaging s t a t i o n s  and 

complete weather record ing  s t a t i o n s  inc luding  canopy i n t e r c e p t i o n  gages 

and measurement of s o i l  moisture pene t r a t ion .  When c o l l e c t i o n  of b a s i c  

d a t a  i s  completed one watershed w i l l  be c l ea red  and seeded t o  g ra s s .  No 

conclusive d a t a  has been r e l eased  on t h i s  s tddy.  



The second small  watershed s tudy i s  a l s o  on the  F o r t  Apache near  Cedar 

Creek and i s  c a l l e d  the Apache Ponds. Two smal l ,  uniform watersheds were 

s e l e c t e d  s i d e  by s i d e  and i n t e r c e p t i o n  ponds b u i l t  on each.  Timber and 

brush were removed from one watershed i n  1958. The c l ea red  a r e a  was 

seeded t o  g r a s s  and i s  gaged each year .  When the  s tudy  has been completed 

t h e r e  i s  l i t t l e  doubt t h a t  t h e  c leared  a r e a  w i l l  show a marked i n c r e a s e  i n  

runoff  . 

The 186,000 a c r e  Cibicue watershed,  a l s o  on the  F o r t  Apache Reserva t ion ,  

i s  i n  t he  f i n a l  year  of t reatment  and w i l l  be under s tudy  f o r  a t  l e a s t  

t h r e e  years  t h e r e a f t e r  t o  determine e f f e c t  of t rea tment  on water  y i e l d .  

I n  t he  ad jacent  Carr izzo Creek watershed no t rea tment  has  been i n i t i a t e d  

and su r f ace  gauging i s  c a r e f u l l y  recorded each year  f o r  comparison. 

Water Salvage. 

Phreatophyte con t ro l .  

Tes t s  were i n i t i a t e d  t h i s  year  by t h e  U.S.G.S. on the  G i l a  River bottoms 

west of Bylas, Arizona, above Coolidge Lake t o  determine consumptive use 

of water  by phreatophytes ,  p r i n c i p a l l y  s a l t  c eda r ,  and on t h e  San Carlos  

River where the s tudy i s  conducted on mesquite and cottonwood. Bk the  

completion of t he  f i r s t  t h r e e  yea r s  of t e s t i n g  the  a r e a s  w i l l  be c l ea red  

t o  provide the  environment f o r  determining r e s u l t s .  Concurrent ly t he  

Univers i ty  of Arizona and Bureau of Reclamation a r e  coopera t ing  w i t h  the  

Bureau of Indian  A f f a i r s  and t h e  San Carlos  Tr ibe  i n  working out  t he  most 

succes s fu l  method of phreatophyte e r a d i c a t i o n  and g r a s s  spec i e s  f o r  rep lace-  

ment of the  wor th l e s s  vege ta t ion .  

Channel l o s ses .  

Channel l o s ses  a s  d i s t i ngu i shed  from use of water  by phreatophytes  growing 

ad jacent  t o  the  channel ,  i s  no t  important on Indian  Rese rva t ions ,  except  
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a t  t h e  Colorado River Reservat ion.  There t he  width of t h e  Colorado River  

i s  g r e a t e r  than  necessary i n  some l o c a t i o n s  caus ing  evapora t ion  l o s s e s  

which might be reduced by channe l i za t i on .  

Recrea t ion ,  C u l t u r a l  and S c i e n t i f i c  Programs. 

I n  a  program of channe l i za t i on  on t h e  Colorado River  Reserva t ion ,  cons id-  

e r a t i o b  should be given t o  p l ac ing  the  excavated m a t e r i a l  i n  such a  manner 

as t&prov ide  beaches f o r  r e c r e a t i o n a l  purposes.  The Colorado River  i s  an 

ipportant r e c r e a t i o n a l  f e a t u r e  f o r  Southern C a l i f o r n i a  and Arizona, and 

the  &@ion of useable  beaches would be of g r e a t  advantage.  

On the  F o r t  Apache Reserva t ion  are  fmportant o p p o r t u n i t i e s  f o r  a d d i t i o n a l  

r e c r e a t i o n a l  f a c i l i t i e s ,  e s p e c i a l l y  l akes  f o r  f i s h i n g ,  and po tab l e  wa te r  

s u p p l i e s  a t  camp grounds and f o r  the  communities i n  t h e  a r ea .  Without 

ques t i on  communities on the  r e s e r v a t i o n  a s  w e l l  a s  o f f  t h e  r e s e r v a t i o n  

a r e  going t o  expand g r e a t l y  i n  t h e  f u t u r e  and w i l l  need wa te r .  It i s  

proposed t h a t  r e s e r v o i r  s i t e s  on t h e  r e s e r v a t i o n  be i n v e s t i g a t e d  w i t h  t h e  

viewpoint of u t i l i z a t i o n  of t h e  water  f o r  m u l t i p l e  purpose uses .  Improve- 

ment of i r r i g a t i o n  s u p p l i e s  f o r  Ind i an  lands  along East Fork of White 

Riuer , p r o j e c t s  t a k i n g  water  from North Fork of White River  , and from 

o the r  stream& on t h e  r e s e r v a t i o n ,  w o d d  be of importance. These u se s  

could be combined w i t h  r e c r e a t i o n a l  and f l s h  and w i l d l i f e  uses  i n  

mu l t i p l e  purpose p r o j e c t s .  



THE USE AND VAWE OF DESALTING PLANTS 

Sal ine  Water Conversion Plants  a r e  p a r t  of t h e  Pac i f i c  

Southwest p ro jec t  a rea  a t  t h e  present time, and w i l l  be a source of 

supply i n  the  fu tu re .  Attention i s  d i rec ted  wi th in  t h e  repor t  t o  

two p l a n t s  now i n  operat ion and t o  t h e  p o t e n t i a l  value of desa l t ing  

p l a n t s  i n  the  development of water resources f o r  t h e  area.  This 

Appendix provides more d e t a i l e d  information discussed i n  the  follow- 

ing  paragraphs: 

CHAPTER 111--PRFSENT WATER SUPPLIES AND USES 

Lower Colorado River Tributarv Areas 

Water Use 
Desalting, Buckeye, Arizona 

Southern Cal i fornia  

Water Use 
Desalting, San Diego, Cal i fornia  

Pr inciples  of Operation 
Recent Developments 
Future Developments 

CHPATER IV--FUTURE WATER DEMANDS AND SUPPLIES 

Sources of Supply 

Desalting 
Cost of Energy 
h r g e  Size Plant  Cost Studies 
Prototype Plant  
Description of Water Conversion Plant  
Descript ion of Power Generating Plant  
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CHAETER 111--PRESENT WATER SUPPLIES AND USES 

b w e r  Colorado River Tributary Areas 

Water Use - Desalting 

Buckeye, A r i  zona 

The City of Buckeye, Arizona i n s t a l l ed  a 650,000 gallon per day 

desa l t ing  plant  i n  1962 t o  provide municipal water. The plant  con- 

s i s t s  of three  stacks of two stages each of 275 membrane pa i r s  which 

we intended t o  reduce t he  feed water of 2060 ppm. The s a l t  passing 

through the  water mains w h i a  was formerly 14,000 pounds per day i s  

reduced t o  2720 pounds per day. The plant  i s  monitored by three  

water l eve l  controls,  f i v e  pH controls, three conductivity controls, , 

two pressure controls, and one e l e c t r i c  current control. The waste 

stream of 160,000 gallon per day contains 8300 ppm t o t a l  dissolved 

sol ids ,  and joins the  City eff luent  from the  Ci ty ' s  sewage t r e a t -  

ment plant  before being fed  t o  the Arlington Canal River. 

The cost of the  water produced i s  about $0.33 per 1,000 gallons, 

with 11 m i l l  per  Kwh power, when operating a t  f u l l  load. The City 

water ra tes ,  however, have increased from $0.47 per 1000 gallons t o  

$1.28 per 1000 gallons, becuase the  plant  operates on p a r t i a l  load 

most of the  time. The $0.81 increase a l s o  includes other expenses 

incurred t o  assure a more adequate water supply f o r  the  City. The 

cost  of thecplant  was $305,000, 

The r e s u l t s  obtained i l l u s t r a t e  t he  costs  t h a t  can be obtained 

by t h e  use of an e lec t rod ia lys i s  process plant with water low i n  

those const i tuents  t ha t  cause polar izat ion of the  membrane. The high 



water temperature 8 5 0 ~  a l s o  contributes t o  low cost  water,  The 

plant  has been i n  operat ion since January 1962 and w i l l  be use fu l  

f o r  evaluation of t h i s  process f o r  spec ia l  water containing c h i e f l y  

s a l t .  

Southern Cal i fornia  

Water Use - Desalt ing 

San Diego, Cal i fornia  

The Ci ty  of San Diego, S t a t e  of California,  and the  United 

S ta tes  Government have made agreements which resu l t ed  i n  t h e  con- 

s t ruc t ion  and operat ion of a  modest s i z e  demonstration p l a n t  t o  

develop t h e  engineering, economic, and operat ing p o t e n t i a l  of' t h e  

f l a s h  d i s t i l l a t i o n  process f o r  desa l t ing  sea water. The cos t  of 

the  construction contrac t  was shared equally by the  Office of Sal ine  

Water of t h e  Department of t h e  I n t e r i o r  and the  Department of Water 

Resources of the  S t a t e  of California.  The prime r e s p o n s i b i l i t y  

remained with t h e  Office of Sal ine  Water. The Cal i fornia  Department 

of Water Resources performed valuable services  by checking drawings 

and making f i e l d  inspections.  The City of San Diego provided the  

grading f o r  t h e  s i t e ,  an  improved road t o  the  s i t e ,  and i n s t a l l e d  

a pumping plant  and pipe l i n e  t o  convey the  product water t o  a c i t y  

reservoir .  
C 

The plarit i s  t h e  f i rs t  l a rge  mult i-stage f l a s h  i n  t h e  United 

S ta tes  and i s  among t h e  l a r g e s t  i n  t h e  world. It makes t h e  most 

e f f i c i e n t  use of f u e l  energy of any plant ,  and embodies a new c m -  

cept of long tube evaporators which would be u t i l i z e d  i n  l a r g e  s i z e  

production plants .  



The primary purpose of the  plant  i s  t o  demonstrate the  technical  

and economic aspects of the  d i s t i l l a t i o n  process f o r  desal t ing sea 

water. I n  l i n e  with t h i s  purpose, t he  plant  w i l l  continue t o  pro- 

duce f r e sh  water, as  it has since March 1962, t o  es tab l i sh  engineer- 

ing, r e l i a b i l i t y ,  and cost  data f o r  evaluation of t he  process. 

A secondary and highly important purpose i s  t o  f i nd  ways of 

improving the  process and t o  eliminate any technical  d i f f i c u l t i e s  

that may develop. In  l i n e  with t h i s  purpose there  a r e  design fea-  

t u r e s  t h a t  w i l l  extend t he  range of operating temperature which w i l l  

provide a more e f f i c i en t  use of ' t h e  f u e l  energy. 

Operating under design conditions, the  plant  has consis tent ly  

produced a mil l ion gallons of water per day having 10 t o  15 pa r t s  

per mil l ion (ppm) by weight of dissolved sol ids .  It has 36 f l a sh  

chambers o r  stages, and provides f o r  rec i rcu la t ion  of br ine  t o  

supply the  heat  required f o r  vaporizing the  water, thereby economiz- . 
ing on the  f u e l  energy required. The stages a r e  contained i n  t en  

hor izontal  vessels,  which were factory b u i l t  and transported t o  t he  

s i t e  a s  assembled uni ts .  They a re  connected together t o  form one 

continuous c i r c u i t  of 36 stages, i n  se r ies .  Auxiliary equipment 

includes the  bo i le r ,  pumps, piping, br ine  heater ,  instruments, and 

an operations building. The e n t i r e  p lant  occupies a working space 

of approximately 1 .5  acres .  

Principles of Operation 

The operation of t h e  plant  i s  pictured i n  t he  flow sheet of 

Figure 2. Sea water i s  brought i n to  t he  plant  a t  about four  times 

the  production rate and pumped through the  condensers of t he  lowest 



temperature.stages t o  accomplish the  condensing of steam a t  low 

temperature. About 45% of the intake water i s  returned t o  t he  sea, 

while t he  r e s t  i s  introduced t o  the  degasi f ier  where the  oqgen ,  

nitrogen, and some carbon dioxide a r e  removed t o  the  vacuum j e t  

eductor. The sea water then combines with t h e  br ine  stream which i s  

continuously rec i rcu la t ing  through the  condenser tubes passing 

through each chamber o r  stage (zigzag l i ne )  of t he .  34th t o  1st o r  

highest temperature stage.  Throughout t h i s  pard; of t h e  c i r c u i t ,  the  

br ine  passes t o  the  b r ine  heater  where the  br ine  i s  heated 8 t o  lOoF 

before being released t o  t he  f l a sh  chambers. Heat f o r  t h e  br ine  

heater  i s  supplied by steam from the  bo i le r .  For b e t t e r  economy, the  

steam i s  f i r s t  used t o  dr ive  turbines throughout t he  plant .  ' 

From the  brine heater ,  the brine passes t o  evaporation s ide  of 

the  first stage where a small port ion f lashes  i n to  vapor, and then 

i n  succession through t he  remaining stages back t o  the  36th stage,  

Each successive stage i s  maintained a t  a lower pressure than t he  pre- 

ceeding one which r e s u l t s  i n  approximately 0.3$ of the  b r ine  f l ash-  

ing i n  each stage,  This steam condenses i n to  product water, giving 

up i t s  heat of vaporization t o  t he  brine flowing ins ide  t he  tubes. 

By t h i s  arrangement, about 90% of the  heat required f o r  bof ling is 

reci rcula ted and only 10% needs t o  be "new" heat  added from the  bo i le r ,  

The plant  ac tua l ly  produces a t  an economy r a t i on  of B0,5, t h a t  is, 
I 

produces 10:5 pounds of water f o r  each 1000 Btu of "new" heat  added. 

Brine i s  withdrawn continuously by the  blowdown pump i n  an 

amount equal t o  the  product steam i n  order t o  control  the  quanti ty of 

dissolved s a l t s  i n  t he  recycle steam. 



The product water flows from stage t o  s tage and i s  cooled by 

p a r t i a l  f lushing and recondensing on the  b r ine  tubes above. The prod- 

uct  water i s  withdrawn from the  36th stage by the  product pump and 

delivered t o  the  S a n  Diego water supply system. 

Recent Developments 

The control  of scale  foming  const i tuents  i n  the  br ine  w a s  or ig-  

i na l l y  achieved by adding four ppm of addi t ive  compound, Hagevap, t o  

the  feed water. This was e f fec t ive  f o r  temperatures up t o  2 0 0 ~ ~ .  More 

recently, a c id  addi t ive  has been used t o  control  the  a lka l ine  scale  

forming consti tuents.  This gethod known a s  t h e  "pH control  method" 

re leases  a l l  the  carbon dioxide i n  the  incoming water, which i s  then 

9576 o r  more removed i n  the  degasi f ier .  

Use of t h i s  method of scale  control  has permitted operation at 

temperatures up t o  250 '~  without sca le  formation, This method reduces 

the  quantity of f ixed gases i n  t he  condensing zone so  t ha t  greater  

output can be obtained f o r  the same heat t r ans f e r  surface. The p k n t  

output has ac tua l ly  been increased 40 per cent--to h,400,000 gallons 

per day. Another advantage has been the  el imination of caust ic  addi- 

t i on  t o  ad jus t  the  pH of the  product water o r  of the  c i rcu la t ing  stream. 

For an optimized design the  higher temperature operation w i l l  

r e su l t  i n  higher economy r a t i o .  For the  large plants  the  250 '~  opera- 

t i o n  w i l l  optimize a t  13.4 economy r a t i o ,  which makes a mater ia l  r e -  
8 

duction i n  steam requirements, 

The cost  of the  " p ~  control  method" of sca le  prevention i s  about 

t he  same a s  t h a t  f o r  the  chemical addi.tive Hagevap, 



Future' Developments 

P r o c e s s  improvements a r e  c u r r e n t l y  under development t h a t  i n d i c a t e  

t h e  f l a s h  d i s t i l l a t i o n  can be  adapted f o r  use w i t h  b r a c k i s h  w a t e r s  where 

h i g h  c o n c e n t r a t i o n s  can be o b t a i n e d  f o r  t h e  blowdown was te .  P i l o t  

p l a n t  r e s u l t s  have s h o ~ m  t h a t  t h e  f l a s h  p r o c e s s  can o p e r a t e  s u c c e s s -  

f u l l y  w i t h  a ca lc ium s u l f a t e  s l u r r y  of one p e r c e n t  which w i l l  p r e v e n t  

s c a l e  fo rmat ion  a t  t e m p e r a t u r e s  up t o  3 0 0 ' ~ .  Economic s t u d i e s  show 

t h a t  o p e r a t i n g  t empera tu res  as high a s  3 5 0 ' ~  can be j u s t i f i e d  and s u c c e s s  

w i t h  t h e  ca lc ium s u l f a t e  s l u r r y  appears  l i k e l y .  

Success  w i t h  h igh- tempera tu re ,  h igh  c o n c e n t r a t i o n  o p e r a t i o n  c a n  

be a s s u r e d  by o p e r a t i n g  t h e  m u l t i - s t a g e  f l a s h  p r o c e s s  i n  p a r t  as m u l t i -  

e f f e c t .  The use of t h r e e  o r  fo 'ur groups  of s t a g e s  o r  e f f e c t s  o p e r a t i n g  

e a c h  a t  g iven  c o n c e n t r a t i o n s  w i l l  provide  c o n d i t i o n s  t o  a s s u r e  t h a t  t h e  

calc ium s u l f a t e  w i l l  remain i n  suspens ion .  Under t h e s e  c o n d i t i o n s ,  t h e  . 
blowdown may be brought  t o  16 t o  18% t o t a l  s a l t s  w i t h o u t  d e l e t e r i o u s  

e f f e c t  upon t h e  p rocess .  The h i g h  c o n c e n t r a t i o n  would occur  i n  t h e  low 

tempera tu re  e f f e c t  where t h e  b o i l i n g  p o i n t  e l e v a t i o n ,  due t o  s a l t  con- 

c e n t r a t  i o n ,  i s  minimized. 

When working w i t h  s e a  w a t e r ,  t h e  c o n c e n t r a t i o n  f a c t o r  would be 

abou t  f i v e  and t h e  volume of blowdown reduced t o  one q u a r t e r  of t h a t  

from t h e  prese 'nt  o p e r a t i o n  of t h e  Sari Diego p l a n t .  With b r a c k i s h  

w a t e r s  of abou t  3000 ppm t o t a l  d i s s o l v e d  s o l i d s ,  t h e  blowdown would be 

o n l y  one- twent ie th  of t h e  p roduc t  s t r e a m ,  t h u s  minimizing t h e  was te  

d i s p o s a l  problem. 



The m u l t i - e f f e c t ,  m u l t i - s t a g e  f l a s h  p r o c e s s  o p e r a t i n g  a t  tempera- 

t u r e s  up t o  3 5 0 ' ~  would lend themselves  t o  l a r g e  energy s a v i n g s .  With 

f u e l  a t  $0.30 per  m i l l i o n  Btu,  t h e s e  p l a n t s  would op t imize  a t  a n  

economy r a t i o  of 20 t o  2 2  t o  one t h u s  reduc ing  t h e  energy r e q u i r e d  t o  

h a l f  of t h a t  r e q u i r e d  i n  t h e  p r e s e n t l y  des igned p l a n t s .  I t  i s  expec ted  

t h a t  t h e  advanced concept  of m u l t i - e f f e c t ,  m u l t i - s t a g e ,  h i g h  t e m p e r a t u r e ,  

h igh  c o n c e n t r a t i o n  f a c t o r  f l a s h  p r o c e s s  w i l l  be developed on a m i l l i o n  

g a l l o n  p e r  day s c a l e  a t  t h e  San Diego p l a n t  by s u i t a b l e  m o d i f i c a t i o n  t o  

t h e  equipment.  

There  a r e  o t h e r  v a r i a t i o n s  of t h e  d i s t i l l a t i o n  p r o c e s s  under 

s tudy  s u c h  as t h e  t h i n  f i l m  e v a p o r a t o r s ,  t h e  use  of d rop  wise  conden- 

s a t i o n  promotors ,  t h e  vapor r e h e a t  t e c h n i q u e ,  p l a t e  t y p e  h e a t  exchangers ,  

and p l a s t i c  h e a t  t r a n s f e r  f i l m s  which may add inc rementa l  advan tages  t o  

t h e  d i s t i l l a t i o n  p r o c e s s .  Additional improvements are anticipated from 

the Eesearch and development studies which are being conducted on an 

expanded and accelerated basis by the Office of Saline Water. 



CHAPTER IV--FUTURE WAmR DEMANDS AND SUPPIJES 

New Sources of Supply 

Summary 

New sources of supply f o r  future  water demand f o r  t he  Pac i f ic  

Southwest Area must include consideration of desa l t ing  present ly  

unuseable sa l ine  waters t h a t  a r e  read i ly  and abundantly ava i lab le  i n  

the  area.  Because of energy considerations, two spec i f i c  s i t ua t i ons  

were considered f o r  t h i s  study. The f i r s t  of these  i s  f o r  th ree  plants  

located i n  the  U s  Angeles area ,  each of which w i l l  produce 135,000 

acre  f e e t  of high qual i ty  water per year (150,000,000 gpd). For t h i s  

area, f u e l  cost f o r  gas was based 'upon experience of 36 cents per 

mill ion Btu. The cost of water from water p lants  of t h i s  s ize ,  com- 

bined with a 417 megawatt e l e c t r i c  power generating s ta t ion ,  would be 

about $105 per acre  foot (32 cents per 1000 ga l ) .  The investment cost  

f o r  t h i s  plant  i s  estimated a t  $86,000,000 and f o r  t he  power plant  at  

$53,500,000, making a t o t a l  of $139,500,000 f o r  both. 

I n  the  San Diego area  and other locations i n  the  Pac i f ic  Southwest, 

coal  o f fe r s  a low cost source of energy. Using Four Corners Area coal, 

a base pr ice  of 23 cents per mil l ion Btu has been computed. The cost  
a 

of water from/150,000,000 gpd water p lant  combined with a 417 megawatt 

e l e c t r i c  power generating s t a t i o n  would be $90 per acre  foot  (28 cents 

per 1000 gal. ). The investment cost  f o r  t h i s  p lant  i s  placed at 

$86,000,000 and f o r  the  power plant  at  $65,000,000, making a t o t a l  of 

$151,000,000 f o r  both. 

Desaltina 

The desal t ing of water on a large scale  i s  an e n t i r e l y  new approach 

a s  a scurce of supply, With good fores ight ,  the  Congress, i n  1952, 



di rec ted  t h e  Department of the  In t e r i o r  t o  sponsor a program of re-  

search and development i n  t h i s  f i e l d .  The program has been conducted 

by the  Off ice  of Saline Water, and two processes have been developed 

t o  a degree t h a t  large s ize  p r ac t i c a l  p lants  can be b u i l t  based on de-. 

s ign concepts t ha t  have been successfully demonstrated i n  small scale  

operating plants .  

The f i r s t  of these i s  the  e lec t rod ia lys i s  process, which i s  being 

u t i l i z e d  i n  two production plants  - one a t  Buckeye, Arizona ( c i t y  

financed) and the  other a t  Webster, South Dakota. Both a r e  using in-  

cremental components of a s  lakge a s i ze  a s  can be manufactured The 

former i s  designed t o  produce about 650,000 gpd a t  $0.33 per 1000 

gallons from a water having chief ly  s a l t  ( ~ a ~ l )  a s  an impurity, The 

l a t t e r  i s  producing about 25b,000 gpd a t  about $0.95 per 1000 gallons 

on a water requiring extensive pretreatment of t he  brackish feed water. 

There a r e  few water supplies i n  which the  sa l ine  content i s  ch ie f ly  

s a l t ,  hence t he  opportunity of rea l i z ing  costs  from large e lec t ro -  

d ia lys i s  p lan t s  of l e s s  than $0.50 per 1000 gallons ($160 per acre foo t )  

is  not very promising. The cost  of water by t h i s  process from very 

large p lan t s  has been estimated at  from $0.30 t o  $0.60 per 1000 gallone 

when handling brackish waters of 2000 t o  3000 ppm t o t a l  dissolved so l ids  

content. While t h i s  process may show promise a f t e r  more development, 

it i s  not now recommended f o r  very large  plants.  

I 
The second of these  i s  the  d i s t i l l a t i o n  process, exemplified by 

the  three demonstration plants  located a t  San Diego, California; Freeport, 

Texas; and Roswell, New Mexico; using, respectively,  the  multistage f l a s h  

evaporator, the  mult i-effect  f a l l i n g  f i lm evaporator, and t he  forced- 

c i rcula t ion vapor-compression evaporator. The r e s u l t s  obtained from 



these  p l a n t s  ( a l l  a t  a mi l l ion  gallons per day capaci ty)  have been 

good, and t h e  mult is tage f l a s h  process i s  present ly  only s l i g h t l y  

super ior  t o  the  o ther  two. 

The f l a s h  type d i s t i l l a t i o n  process has been most extens ively  

studied,  including design concepts f o r  very l a rge  p l a n t s  - up t o  150 

mil l ion  gallons per day. The other  two processes tend t o  optomize 

i n  p l a n t s  of 5-10 mi l l ion  gal lon per day s i ze .  Results  show t h a t  t h e  

f l a s h  d i s t i l l a t i o n  process maximizes t h e  use of equipment items t h a t  

have been previously developed i n  large  s i z e  f o r  o the r  purposes. I n  

addi t ion  t o  t h i s ,  the  f l a s h  ~ r o c e s s  can be read i ly  adapted t o  use 

steam from a tapping tu rb ine  and thus  i n  t h i s  combination i s  provided 

with a cheaper source of steam. 

It i s  i n  combination with e l e c t r i c  generation s t a t i o n s  t h a t  two 

s i z e s  of p lan t s  - 50,000,000 and l5O,OOO,OOO gallons per  day - have 

been studied and the  cos t  of water developed. Energy cos t  s tud ies  have 

beenmade by the  Office of O i l  and Gas, Office of Coal Research, and 

the  Bureau of Mines. 

Cost of Energy 

Energy cos t s  cons t i tu te  about hal f  of t h e  t o t a l  cos t  of producing 

water from t h e  very large  p lan t s .  The investment cos t  accounts f o r  

another t h i r d  of t h e  costs ,  while the  operat ing and maintenance c o s t s  

make up about o m - s i x t h  of the  costs .  When producing water from t h e  
I 

combination o f h a n  e l e c t r i c  power generating s t a t i o n  and a sea  water 

conversion plant ,  the re  a r e  a number of ways the  r e s u l t i n g  cos t s  can 

be d i s t r ibu ted .  



For t h i s  par t i cu la r  study, the  basic  guide has been t h a t  

t he  e l e c t r i c  power produced should cost  the  same as t h a t  from an 
e l e c t r i c  

unassociated plant  having the  same net/output a s  t h e  combined plant .  

The procedure adopted was t o  charge a l l  energy cos t s  t o  t he  power 

plant  and derive the  difference i n  e l e c t r i c  generating costs  f o r  two 

hypothetical  plants - one combined with a water p lant  and t h e  other 

unassociated. Thus increased operating, - investment and f u e l  costs  

a r e  re f lec ted  i n  the  difference i n  e l e c t r i c  power costs  from the  two 

plants.  The e l e c t r i c  costs  have been developed i n  Tables I1 and I11 

f o r  the  unassociated and combined p lan t s  of l5O,OOO,OOO capacity, 

respectively.  When using'gas, the  difference i n  e l e c t r i c  cost  i s  2 

mi l l s  per Kwh which, when credited with 40 MWH power, r e s u l t s  i n  a f u e l  

charge of $0.22 per mill ion Btu, 60% of the  cost  of gas or iginal ly .  

When burning coal, t he  difference i s  1.5 mills per  KWH, with a net 

f u e l  charge of $0.16 per mill ion Btu, which i s  70% of the  cost  of coal  

or iginal ly .  

Energy f o r  the  plants  could be e i t h e r  of nuclear o r ig in  o r  

any one of t he  three  f o s s i l  f ue l s ,  A recent study by t he  Bechtel 

Corporation has indicated t h a t  the  cost  of energy from the  former may 

be competitive with conventional f u e l  and w i l l  depend upon t he  progress 

being made $n reducing costs  from la rge  plants.  For t h i s  reason, it w a s  

decided t o  use f o s s i l  f u e l  costs  and leave t he  choice of f u e l s  f o r  a 

l a t e r  decision when nuclear f u e l  costs  a r e  more c l ea r ly  defined. 



Because of r e s t r i c t i ons  imposed by t he  Ci ty  of Us Angeles 

t o  avoid smog formation, the  use of na tura l  gas f o r  e l e c t r i c  gener- 

a t i on  i s  required e igh t  months of the  year. Gas supplied t o  t h e  h s  

Angeles a rea  has increased i n  cost from 25 t o  36 cents  per mil l ion Btu 

i n  t he  s ix -years  p r i o r  t o  1961.. Residual f u e l  o i l  cost  has f luctuated 

considerably during t h i s  period and, more recently,  has s t ab i l i z ed  at 

a b u t  t he  same cost. For these  reasons, a basic  gas f u e l  cost of $0.36 

per mill ion Btu was adopted with standby provision f o r  conversion t o  

o i l  f o r  the  Los Angeles area. ' 

For other s i t e s  i n  the  Pacif ic  Southwest, coa l  is a cheaper 

source of energy when supplied from the  Four Corners Area ( ~ e w  Mexico, 

Arizona, Utah and colorado) ,by pipeline.  This coal  at  10,500 Btu per pound 

heating value i s  avai lable  f o r  about $2.80 per t on  a t  t he  mine. The 

cost  of transporting *he coal, based upon past  experience, should be 

l e s s  than 4 m i l l s  per ton-mile. The cost per mil l ion Btu of coal  

delivered t o  four s i t e s  has been calculated t o  be: Phoenix, arizona - 
18.2 cents; Yuma, Arizona - 21  cents; San Diego, Cal i fornia  - 23.4 cents, 

and Mecca, California - 21.9 cents; or  an average cost  of 21.1 cents  per 

mill ion Btu. ' The use of p ipel ine  coal  requires somewhat more enargy than 

train-delivered coal, therefore  the  adjusted cost  of coa l  used i n  t h i s  

study was 23 cents per mil l ion Btu. ( s e e  Ref. 14). 

Each l5O,OOO,OOO gallon per day plant  requires  coal  a t  a r a t e  

of 2,860,000 ton per year of Four Corners Coal. The economical t rans -  

6 por ta t ion of coal  is  based upon the  delivery of 8 t o  10 X 10 tons  per 

year. This would mean t h a t  th ree  water p lants  should be located i n  t h e  

same area so t h a t  the  demand fo r  coal  would j u s t i f y  t h i s  means of transport .  



Large Size Plant Cost Studies 

Under contract  with t h e  Office of Sal ine  Water, t h e  Bechtel 

Corporation developed t h e  d i s t i l l a t i o n  p lan t  economics f o r  16 case 

s tud ies  t h a t  encompassed a range of design c r i t e r i a .  These were: 

i n l e t  water temperatures of 65 and 8 5 0 ~ .  ; br ine  maximum temperature 

of 250 and 3000F.; and steam costs  of 5, 15, 25, and 35 cents  per 

mil l ion  Btu, a l l  f o r  t h e  150,000,000 gal lon per  day capacity p lant .  

I n  addit ion,  a s ingle  cos t  study f o r  50,000,000 gal lon per day p lan t  

was undertaken using 2 5 0 ~ ~ ' .  maximum temperature and 20 cent per  mi l l ion  

Btu f o r  fue l .  

Not a l l  t h e  above c r i t e r i a  were considered i n  t h i s  study; 

however, t h e  r e s u l t s  of t h e  study showed t h e  following: 

1. The e f f e c t  of combining power generat ion with water 

production i s  t o  reduce t h e  cost  of water about 20 percent.  

. 2. The e f f e c t  of increasing t h e  s c a l e  of operat ion i n  com- 

binat ion p l a n t s  from 50 t o  150 mi l l ion  gallons per day is  t o  reduce t h e  

cos t  of water about 25 percent.  

3. The e f f e c t  of reducing i n l e t  water temperature from 

85 t o  65OF. is  t o  reduce t h e  cost  of t h e  water by about 3 percent  with 

b r ine  temperature at  250'~. 

The sea water conversion p lan t  se lec ted  f o r  t h i s  study would 
I 

be one combined with a thermal e l e c t r i c  power p lan t .  The 150,000,000 

gallon per day water p lan t  would be coupled with a 417 Mwh generator 

s t a t i o n  (net  f o r  s a l e ) .  The gross generat ing capacity would be about 

500 Mwh, of which 40 Mwh would be used i n  t h e  water plant .  The 40 Mwh 

is  not included i n  t h e  417 Mwh net  capacity.  

- 8 - 1 3 -  



The investment cost  of the  water p lant  was determined t o  

be $86,000,000, and the  cost of the  product w a s  found t o  be p8 

cents per  1000 gallons, or  about$90000 per acre-foot,  as shown i n  

Table I. Of t h i s  t o t a l  cost,  10 cents r e s u l t s  from c a p i t a l  costs ,  
, 

and 13 cents i s  the  energy cost .  These un i t  costs  were derived fo r  

the  coal-f ired e l e c t r i c  power p l a n t  which produces power f o r  '7 ,..mills 

per Kwh. An unassociated power plant  would produce power a t  5.2 , m i l l s  

per Kwh. The difference between these two net  energy cos t s  was used 

as t h e  ba s i s  f o r  the  energy cost  f o r  the  water p lant .  The der ivat ion 

of the  e l e c t r i c  power cost  i s  given i n  Tables I1 and I11 f o r  the  two 

power plants.  The costs f a r  the  power a re  based upon pr iva te  u t i l i t y  

financing and upon Federal Power Commission da ta  published i n  Technical 

Memorandum No. 1 and Supplement No. 1 of January 1962. The power p lan t  

f o r  the  combined plant  i s  higher because of t h e  laxger bo i l e r  required 

t o  produce the  ex t ra  steam. The un i t  costs  a s  developed i n  Table I11 f o r  

the  combined plant  a r e  based upon producing 457 mwh, bu t  t h e  f i n a l  XEIX& 

uni t  cost  i s  based upon s e l l i n g  417 Mwh, 

These same t ab l e s  show the  cost of water from a 150,000,000 

gallon per day water p lant  combined with a gas-f i red thermal power plant .  

The cost  of water from such a plant  i s  32 cents per 1000 gallon, o r  

$105.00 pTr acre  foot .  The energy cost  of 36 cents per mil l ion Btu f o r  

gas i s  considerably higher than t he  23 cents per mi l l ion  Btu f o r  coal; 

however, investment and operating costs  a r e  lower and br ing the  cos t  of 

water t o  nearly the  same value. 

NOTE: Capital and operating costs given above were obtained 
from a report by Burns a d  Roe, Engineers and Constructors of 
N.Y.C. entitled "Engineering Evaluation of Costs of Dual Purpose 
Conversion and Power Plants; (OSW contract No. 14-01-0001-336). 



The c a p i t a l  required fo r  the  combined plant  i s  $86,000,000 

f o r  the  water plant ,  plus $65,000,000 f o r  the  coal- f i red power plant ,  

making a t o t a l  of $151,000,000. The gas-f i red power plant  cost  i s  

placed a t  $53,500,000, making a t o t a l  of $139,500,000 f o r  the  combined 

plant. A seaside acreage of about 160 acres  with 1500 foot frontage 

on t he  sea would be sui table  f o r  the  plant  s i t e .  

Prototype Plants 

Construction of very large s i ze  plants  should be preceded 

by the  construction of a prototype p lan t s  of l e s se r  capacity but  

embodying the  design concepts necessary f o r  the  large-size plant .  As 

a par t  of t h i s  program, it i s  proposed t o  bu i ld  a 50,000,000 gallon 

per day water p lant  combined,with a 139 Mwh thermal e l e c t r i c  power 

plant .  The investment cost  of such a combination would be $30,300,000 

f o r  the  water p lant  and $28,000,000 f o r  the  coal- f i red power plant ,  f o r  

a t o t a l  of $58,300,000. The net  cost of energy from such a combination 
0 

would be 6 mi l l s  per Kwh  a able IV)  and the  cost  of water 34 cents  per 

1000 gallon o r  $110 per acre  foot   a able I) .  

A gas-fired power p lan t  would cost  $23,000,000, and t he  t o t a l  

cost f o r  the  combined plant  would be $53,300,000. The net cost  of 

energy from such a combination would be 7 mi l l s  per Kwh  a able IV) and 

the  cost  of t h e  water 36 cents per 1000 gallon or  $120 per acre  foot  

 a able I).  Aiseaside acreage of about 85 acres  with 1200 foot  frontage 

on the  sea would be sui table  f o r  the  plant  s i t e .  



A p i c to r i a l  presentation of a l5O,OOO,OOO gpd plan t  is shown 

i n  Figure 1. The perspective depicts i n  the  l e f t  foreground the intake 

system with the stop log and asso cia ted t rash  rake, the  l i n e  of 18 

ro ta t ing  screens, and the  sluiceway fo r  the discharge of t r a s h  in to  

the disposal canal, followed by the  concrete forebay and the  intake, 

c o ~ l i n g  water, m d  screen wash pumps. Next i n  l i n e  a re  t he  recycle, 

blowdown, and product pumps i n  f ron t  of the two heat re jec t ion  evapor- 

a t o r  sections. The f i r s t  of these incorporates an in t e rna l  degasif ier  

and the e jec tor  system f o r  removal of f ixed gases, Following t h i s  a r e  

the 26 stages of evaporators and, last i n  l ine,  the  br ine heaters. 

The power generating plant  i s  t o  the  r igh t ,  with two boi le r  

uni ts  and two steam-driven generators. The exhaust steam from the  

steam turbines i s  used i n  the br ine heaters t o  heat the  c i rculat ing 
0 

brine. I n  the  center of the  picture  is  the operations building, control  

room, and shops. Product coolers &ire sh6wnnext t o  t he  p o w e r  substation. 

I n  the  l e f t  background i s  the  chlorine and su l fu r i c  ac id  storage tanks 

and a carbon dioxide equalizing tank. 

Description of Water Conversion Plant 

Flow Description 

The presumed s i t e  of t h i s  mutlistage f l a s h  vaporization 

plant i s  adjacent t o  a sea water channel so t h a t  intake water can flow 

d i rec t ly  i n to  a forebay where t r a s h  i s  removed and the water i s  screened 

and chlorinated before entering the  pumps. Net makeup water i s  ac id i f ied  

for  scale prevention and then allowed t o  degasify i n  an atmospheric open 
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tank before f l a r i n g  through the  condenser co i l s  i n  t h e  heat  re ject ion 

stages. It is then deaerated and mixed with the recycle brine i n  t h e  

Last heat  re jec t ion  stage. 

I n  order t o  save on pumping costs because of difference 

i n  pressure losses,  sea water f o r  heat re jec t ion  only i s  pumped through 

other condensers i n  the  heat re ject ion stages and ,is f i n a l l y  discharged in to  

an open channel. to return it t o  the sea two miles away. Rejected brine 

from the  flashing brine stream i n  the l a s t  stage and other cooling water 

streams a re  a l so  discharged i n t o  t h i s  channel. 

Recycled brine i s  pumped from the vacuum sump i n  t he  f i n a l  

stage and returned through the  condensers i n  the  heat recovery stages 

counterflow t o  t he  flashing brine. 

After f i n a l l y  being heated t o  250°F. i n  s h e l s  and tube- 

type heat exchangers by means of 30 psig exhaust steam from the bo i l e r  

plant, the  hot recycle br ine  flows in to  the  first stage of the  evaporator 

t o  begin the  s e r i e s  of f lashings.  

Accumulations of noncondensible gases a r e  drawn from every 

sub-atmospheric stage through the  steam j e t  e jec tor  system. Pressure 

stages a re  vented t o  atmosphere. 

D i s t i l l ed  water product i s  collected i n  an open stream 

within the  evaporator. It a l s o  i s  arranged t o  f l a sh  from stage t o  stage 
I 

as  a means d f  recovering i t s  sensible heat. It i s  f i n a l l y  pumped through 

sea water coolers f o r  delivery t o  p lo t  boundary at ~ O O F  maximum and 25 psig. 

Condensate from the brine heaters and steam j e t  e jec tors  

Is returned as bo i l e r  feed water. 



Intake System 

For the  approximately three  quarters of a mill ion 

gallons per minute of sea water taken in to  the  plant,  a forebay 

entrance 300 f e e t  wide is  used. Gratings across t he  entrance co l lec t  

t r a s h  and debris. Mechanical raking f a c i l i t i e s  co l l ec t  the  t r a sh  

where it is l i f t e d  out and dumped i n t o  a sluiceway f o r  discharging t o  

t h e  ou t l e t  canal. Travelling screens then co l l ec t  f i ne r  material  from 

t h e  water flow, Water i s  pumped t o  backwash the  screens i n to  a col-  

l ec t ion  trough which discharges i n t o  the  sluiceway. 

Chemical Treatment 

A system of spasgers i s  used t o  i n j e c t  chlorine d i r ec t l y  

i n t o  the  concrete forebay a t  frequent in te rva l s  t o  prevent biological  

growths. It i s  estimated t h a t  about 750 lbs. per day of chlorine is  

required f o r  one hour's dosage per day. 

Scale formation i n  the  heated br ine  system i s  prevented 

by decomposing the  carbonates with su l fur ic  acid. To minimize ac id  

consumption, only the  net makeup water i s  t rea ted .  Acid i s  in jected 

i n t o  the  pump discharge stream, and resu l t ing  pH i s  controlled so t ha t  

a lka l iza t ion  is  not required. 330 ba r r e l s  of ac id  a r e  used per day. 

The ac id i f ied  stream discharges over baff les  f o r  ag i ta t ion  

i n t o  an open basin  where t h e  major pa r t  of C02 i s  released t o  atmosphere. 
t 

The water ?lows by pressure d i f f e r e n t i a l  i n to  the  deaerator. 

Evaporator 

The evaporator t r a i n  w i l l  consist  of 28 stages t o  obtain 

a high gain r a t i o  of 13.4 pounds of product water per pound of steam 

used. 



The concept of the proposed concrete evaporator s t ructure 

design includes use of prestressed and pretensioned sections t o  permit 

use of thinner walls capable of withstanding the d i f f e ren t i a l  pressures 

t o  the atmosphere and between stages. Additionally, the use of stressed 

concrete w i l l  minimize cracking and leakage. Flexible seals  embedded i n  

the concrete a t  section joints provide for  thermal expansion while pre- 

venting in-leakage of a i r .  

Each stage has been established with a length of 40 f t .  

i n  the direction of flow. In order t o  provide adequate brine surface 

for  release of vapors, the stages a re  260 f t .  wide. Brine flows across 

the f loor  a t  about 5 f t .  per second and about 1 - l /k  f t  . deep. Di s t i l l a t e  
I 

collected from troughs under each condenser bundle flows i n  a separate 

central  channel along the floor.  It increases in  width through the  stages. 

The flowing streams take the i r  pressure drops through 

'!under flow" weirs i n  the bar r ie r  walls with or i f ices  properly sized 

for  each stage. 

The l a s t  of the recycling stages has extra length t o  con- 

t a i n  large piping manifolds. A t  t h i s  point, the heat rejection water 

leaves the condenser streams and recycle brine enters. 

The concrete f loor  and portions of walls exposed t o  flowing 

water are  l ined with bonded neoprene materials as suited fo r  the various 
I 

temperature'levels. Suppliers of the materials give assurance of good 

service l i f e  fo r  the exposure conditions encountered. 

The arched roofs of each stage are  arranged i n  sections 

for  r m l  i n  case condenser bundles a re  replaced. Rails i n  each valley 

ce r ry  e cru;re &ich S~ELIX the arch and car r ies  i ts  load t o  e i the r  



s ide  of t h e  evaporator. Access at each s ide  permits a t rack  crane t o  

pick up t h e  load fram the  gantry. The gantry can a l s o  be t rans fe r red  

from s tage t o  stage. 

Condensers 

Condenser sections a re  provided a s  open tube bundles with 

f ixed tube sheet  and bol ted channel a t  each end. . The channels a r e  

e s sen t i a l l y  tapered t r ans i t i on  pieces flanged t o  serve as connecting 

nozzles. The bundles a r e  ca r r ied  i n  s t r u c t u r a l  s t e e l  members and a r e  

supported from the  evaporator f loor .  

The tubes a r e  1 inch i n  diameter, 18 Be W. G., and of 

aluminum brass  material.  Each s tage contains about 318,000 sq. f t .  

With condensers connected end t o  end i n  p a r a l l e l  streams 

through t h e  stages, t he  only i n t e rna l  piping i s  t he  short  sect ions  

through each w a l l  and the  one a rea  where t h e  incoming recycle and 

outgoing heat  r e j e c t  waters a r e  manifolded t o  t he  condenser rows. 

Brine Heaters 

Tubular surface f o r  t he  br ine  heaters  i s  divided i n to  

9 units .  This permits col lect ion of br ine  from four condenser streams 

t o  each un i t ,  and yet  r e s u l t s  i n  un i t s  of reasonable s ize .  

Design comparable t o  standard steam surface condensers 

i s  used. Tubing is t he  same as i n  t he  condensers except f o r  length, 
C 

which i s  se lected t o  give e proper balance between veloci ty  and surface. 
a r e  

The bundles/arranged fo r  s ingle  pass flow. A sump i n  the  bottom. of 

each s h e l l  co l lec t s  condensate f o r  pumping and ca r r i e s  l eve l  controls.  



Pumps and Drives 

Principal pumping uni t s  f o r  the water conversion plant 

a r e  summarized on the attached Exhibit. 

The large water pumps are  a l l  of the ver t ical ,  low speed 

type as used i n  hydroelectric and large pumped water storage ins t a l l a -  

t ions ,  They are  dr ivel  d i rec t ly  with ve r t i ca l  sypchronous motors. 

Multiple uni ts  permit reduced r a t e  operation of the plant i n  care of 

unscheduled shutdown of a pump. 

Two pumps of'127,OOO g p  each are  provided fo r  supplying 

feed water t o  the plant. Two pumps of 216,000 gpm capacity each are  

provided fo r  supplying heat re jec t  water, and one pump of l20,000 gpm 

capacity takes care of miscellaneous cooling needs. A t o t a l  of 806,000 

gpm of water a re  required, of which 336,000 ggm are  used f o r  cooling 

purposes. 

The pmptak ing  water f romthe vacuum s u p  adjacent t o  

the deaerator stage are  designed with a submerged impeller t o  provide 

NPSH fo r  the second impeller. This arrangement i s  recommended by a 

manufacturer of these large pumps. 

The other pumps l i s t e d  are  of conventional. type f o r  the 

respective services. Each brine heater carr ies  i t s  o m  condensate pump. 

I f  a pump, heater, or condenser section f a i l s ,  only one of nine streams 
I 

would then "oe shut down. 

A substation i s  furnished t o  provide power and control 

equipment f o r  the water pumps. Power fo r  the substation i s  taken from 

the generator s ta t ion  switchyard at  the  primary voltage. Two three- 

winding transformers rated 30/40 MVA, OA/FA, 138,000 vol t s  wye, 13,800 

vo l t s  delta, 4,160 volts delta with f lo$ I%CC on the primary 



furbish power t o  the motors. The recycle pmp drivers  a re  wound 

fo r  12,000 vol t s  and controlled by a i r  c i rcu i t  breakers i n  a double 

ended switchgear rated l5KV, 250 MVA and fed from the  13.8 KV windings 

of the two transformers. The motors from 1500 t o  4000 horsepower w i l l  

be wound f o r  4000 vol ts  and w i l l  be controlled by air c i r cu i t  breakers i n  a 

double-ended switchgear rated 5KV, 250 MVA and fed from the 4.16 KTJ 

windings of the two transformers. 

One c i r cu i t  breaker i n  each half of the  5KV bus furnishes 

power t o  a ~000/1125 KVA QA/FA 4160 - 480 vol t  transformer t o  provide 

power t o  two 480 vol t  switchgear units. A l l  motors 100 t o  250 horsepower 

a re  controlled by air c i r cu i t  breakers i n  t h i s  switchgear.' One or more 

440 vol t  motor control centers i s  ins ta l led  as required t o  provide power 

and control fo r  miscellaneous small motors, l ighting, e t c ,  i n  the water 

plant. 

a A l l  4000 vol t  and 12,000 vol t  dr ivers  are  synchronous 

motors. A l l  440 vol t  motors are NEMA design B induction motors, 

Enclosures f o r  the synchronous motors are  NEMA 2 weatherproof; enclosures 

for  induction motors a re  dripproof. A l l  switchgear are  outdoor with 

protected a is les .  

Description of Power Generation Plant 

The power plant i s  a conventional gas-fired steam-electric 
I 

unit  except fo r  the deletion of a surface condenser. Two ident ical  

units, each with a net generator output of 227 megawatts are  provided. 

After allowing f o r  losses i n  transformers, etc., s t a t ion  net output i s  

estimated a t  208.5 megawatts each. 

The heat r a t e  fo r  the un i t  was taken as  14,000 Btu per KWH, 



Four feed-water tanks,with a combined capacity of 14 mill ion 

pounds of water, provide two hours of surge capacity at  maximum load. 

The following description covers one of the  twin uni ts ,  

Total  quantities should therefore be doubJed t o  estimate t h t  t o t a l  

output of the combined plants. 

The turbine i s  a two-stage uni t  with intermediate reheat of 

steam, and fluid-drive-coupled boi le r  feed water pump, An auxiliary, 

electrically-driven, feed water pump i s  provided f o r  startup. Extraction 
1 

steam i s  taken f r m  f ive  points on the two-stage turbine t o  provide 

feed water preheat. 

A conventional_power - . plant sugplies energy where primary 

steam i s  generated in  the boi le r  from feed water preheated t o  5 2 8 ~ .  

The steam condition is  1 0 5 0 ~ ~ .  a t  2400 psig. It i s  expanded t o  560 

ps ia  i n  the high pressure turbine, and returned t o  the boi ler  where it 

1s reheated t o  7600~., 530 psia. The reheated steam i s  then expanded 

i n  the second stage from where it flows t o  the brine heaters a t  44 psia, 

saturated. The brine heaters and the condensate return pumps a r e  

described i n  more d e t a i l  i n  the section on the water plant. 

The two-stage turbines develop a gross output of 247 megawatts 

each. The boi le r  feed pump absorbs 9.3 megawatts, and the remaining 

auxi l iar i7s  an additional 7.2 megawatts. Generator losses are  estimated 

a t  3.5 megawatts, leaving a gross output of 227 megawatts (e lec t r ica l ) .  

Tota l ,  s ta t ion  output i s  therefore 457 megawatts. After deduct - 
ing 40 megawatts requirements i n  the  water plant, the saleable power is  

417 megawatts a t  f u l l  load. The net annual heat r a t e  of 14,000 ~ t u / ~ w h  

i s  required f o r  the generating plant. 



Steam t o  operate the ejectors  a t  the water plant i s  extracted 

at  185 ps ia  from the reheat turbine. Condensate from the ejectors  at  

90% i s  first heated by extracted steam t o  213O~., combined with brine 

heater condensate and deaerated. Makeup water from the feed water tanks 

i s  f i r s t  demineralized and then deaerated. Normally, make-up from the 

water tanks i s  not required, since the ejector  condensate should suff ice 

t o  make up a l l  losses. 

Deaerated condensate i s  pumped up t o  2815 psia  and returned 

t o  the boi le r  v i a  steam-heated feed water heaters. 





TABLE I (A)  

COST OF wXTF2 FROM - - 

MULTI STAGE FLASH DISTILLATION PLANT ' 

(7000 HoursfOperat ion pe r  Year) 

150 M i l l i o n  Gal lon p e r  Day 
$ /mi l l i on  g a l l o n  $/acre-£ t 

average  output  average  ou tput  

A .  Investment Cost 
per  10Dgal lon  

B .  Annual Capaci ty  Cost 
1. Fixed Charges 

a .  Interestf!  3 .0  % 58.80 
b .  Amort izat ion 1.654 32.30 
c .  I n t e r i m  Replacements 0 . 3 5  6.88 
d Insurance  ( i n  l i e u  of  )O.25 -- 4 .90  

To ta l  Fixed Charges 5 254% 102.88 

2 ,  Fixed Opera t ing  Costs  
a .  Operat ion & Maintenance 9.06 
b .  Gen & Adm Exp.  -25% of  2a 2.26 

Tota l  Eixed Operat ing Cos ts  11.32 

Tota l  Annual Cos ts  ~ ( l ) +  B(2) JJ.4L.L 

C .  Var iab le  Operat ing Costs  
1. Energx - Coal - Gas 
2 .  ' O ~ e r a t i o n  & Maintenance 
31 ~ k n i c a l s  (3,988/150) -- 25.90 
Tota l  Var iab le  Operat ing Costs-Coal 160.79 

Tota l  Cos ts  (Coal) 274.99 

D. Tota l  Cost per  N e t  1000 ga l  (Coal)  0.275 
To ta l  Cost per  A c r e - f t m  x ,275 

Tota l  Cos t s  (Gas) 314.99 

E .  Tota l  Cost pe r  N e t  1000 gal  (Gas) 0.315 
To ta l  Cost p e r  Acre-Et 326 x ,315 

I 

NOTES : -- 
( 1 )  Water P l a n t s  on ly  f e d e r a l  financkng 
( 2 )  Coal c o s t  a t  22.9 c e n t s  p e r  m i l l i o n  Btu 
( 3 )  Gas c o s t  a t  36 cen t s  p e r  m i l l i o n  Btu 
( 4 )  Energy charge  based on d i f f e r e n c e  i n  c o s t  between 

combined and unassoc ia ted  power p l a n t s ,  i.e. 
(6.98-5.43= 1 . 5 5  m i l l s  f o r  c o a l )  and 
(8.41-6.37= 2.04 mills f o r  ga s ) .  See  Tables  I1 and 111. 

(5) 326,000 ga l lon=  one a c r e - f t  



TABLE I ( B )  

COST OF WATER FROM 
MULTI STAGE FLASH DISTILLATION PLANT 

(7000 Hours' Operat ion per  Year) 

A.  Investmen$ Cost  
pe r  10" ga l ion  

B .  Annual Capac i ty  Cost 
1. Fixed Charges 

a .  I n t e r e s t  ' 3 . 0  % 
b .  Amort izat ion 1.654 
c .  I n t e r i m  Replacemsnts 0 .35  
d. I n su rance  ( i n  l i e u  o f )  0 . 2 5  

Total  Fixed Charges 5.254% 

2 .  Fixed Operat ing Cos ts  
a .  Operat ion & Maintenance 
b .  Gen & Adm Exp - 25% of 2a 

Tota l  Pixed Operat ing Cos ts  

Total  Annual Costs  B(1) + B(2) 

C .  Va r i ab l e  Operat ing Costs  
1. Energy - C o a l  - Gas 
2. Operat ion & Maintenance 
3 .  Chemicals (3,988/150) 
Tota l  Va r i ab l e  Operat ing Costs-Coal 

-Gas 

Tota l  Cos ts  (Coal) 

D .  Tota l  Cost  pe r  Net PO00 ga l  (Coal) 
Total  CoGt pe r  a c r e - f t  326 x  ,275 

, Total  Cos t s  (Gas) 

E. Tota l  Cost pe r  Net 1000 ga l  (Gas) 
Total  Ccst D e r  a c r e - f t  326 x  -315 

NOTES : 

50 M i l l i o n  Gal lon p e r  Day 
$ /mi l l ion  ga l lon  $ / ac re - f t  

average output  average ou tpu t  

(1) Water P l a n t s  only f e d e r a l  f i n a n c i n g  
( 2 )  Coal c o s t  a t  22.9 c e n t s  pe r  m i l l i o n  B t u  
( 3 )  Gas c o s t  a t  36 c e n t s  p e r  m i l l i o n  Btu 
(4 )  Energy charge based on d i f f e r e n c e  i n  c o s t  between 

combined and unassoc ia ted  power p l a n t s ,  i . e .  
(6 .98  -5 .43  = 1.55 m i l l s  f o r  c o a l )  and 
(8 .41  -6.37 = 2.04 m i l l s  f o r  ga s ) .  See Tables  II and 1.11 . 

( 5 )  326,000 ga l lon  = one a c r e - f t  



TABLE TI 

ELECTRIC POWER GENERATING COSTS, 150 mgpd 
UNASSOCIATED PLANJ! S 

(7000 Hours Operation per  year)  

COAT., (1)  GAS (2) 

Gross Output Megawatt Hours 
Net Capacity Megawatt Hours 
Investment Cost 

A.  Investment Cost 
P lan t  (Excluding subs ta t ion)  

8.  Annual Capacity Cost 
1. Fixed Charges 

a Cost of Money 6.25% 9.00 
b. Depreciation (6.25% - 35 yrs )  0 .71  1 . 0 2  
c.  In ter im Replacements 0.35 0 .  50 
d.  Insurance 0.25 0.36 
e .  Taxes 

Tota l  Fixed Charges 

2. Annual Cost on Fuel Stock Investment 
13.1 mi l l ion  Btu (coal)  

3. Fixed Operating Cost$ 
a.  Fuel - 6 .73  x lo0 ( c o d )  1 .54  

5.75 x 106 (Gas) 
b. Operation & Maintenance (65%) 

(coa l )  1.87 
(-7 

c .  Gen. & Adm. ~xpense(25%-3b) 0.47 
To ta l  Fixed Operating Costs 3188 
Tota l  Annual Costs per  KWH $23.19 

Mills /KWH 

Tota l  Fixed Costs i n  M i l $ s / ~ e t  Kw 
I 

C. Energy Cost - var iab le  Operating Costs 
1. Energy Fuel (9,600 - 960) B ~ u / K W H  

(10,250. - 820) B ~ u / K W H  
2. Operation & Maintenance 
~ o t c  Variable Operati ng cost 

D. Tota l  Cost per  Mills per  KWH 

c a p i t a l  Costs Based Upon P r i v a t e  U t i l i t i e s  Costs 
(1) Coal a t  22 .9  cents  per  mi3,lion Btu 
(2) Gas a t  36 cents  per  mi l l ion  Btu 



TABLE I11 

ELECTRIC POWER GENERATING COSTS 
COMBINED WITH WATEl  CONVERSION PLANTS, 150 mgpd 

(7000 Hours' Operation p e r  Year) 

COAL (2) GAS (3)  

Gross Output MWH 
Net Capaci ty from Power MWH (1)  
Investment Cost 

Investment Cost 
P l a n t  (Excluding Subs ta t ion)  

Annual Capacity Cost 
1. Fixed Charges 

a. Cost of Money 6.25% 
b. ~ e ~ r e c i a t i o n "  (6.25$ 35 i r s )  0.71' 
c Replacements 0.35 
d .  Insurance 0.25 
e .  Taxes 5.72 

To ta l  Fixed Charges 
1 A  Annual Cost on Fuel  Stock Investment 
2.  Fixed Operating c o s t s  . 

a. Fuel  9,800,000 Btu 
b. Operation & Maintenance 65% 
c .  ~ d m i n  & General Expense (25%-3b) 

T o t a l  Fixed Operating Costs . 
Tota l  Arinual Costs pe r  KWH 

To ta l  Fixed Costs i n  ~ i l l s / ~ e t  Kw 

Energy Cost-Variable Operating Cost 
1. Enerav Fuel  (14,000 - 1400) B ~ U / K W H  

2. Operation & Mai~ tenance  35% 
To ta l  Var iab le  Operating Cost 

To ta l  Cost pe r  Net Kilowatt-hour,  Mills 

Difference i n  Cost Combined - Unassociated 
(Mills/KwH) 

(1)  40 MWH generated i n  add i t i on  used i n  Water P l a n t .  
(2) Coa l  a t  22.9 c e n t s  pe r  m i l l i o n  Btu, 
(3) Gas at 36 c e n t s  p e r  m i l l i o n  Btu. 
(4) Variab le  o p e r a t i n g  c o s t s  a r e  based upon 457 MWH. 



TABLE IV 

ELECTRIC POWER GENERATING COSTS, 50 mgpd 
UNASSOCIATED PLANT - -. - 

(7000 Hqurst Operation per year) 
COAL (2) GAS (3) 

Gross Output MWH 153 153 
Net Capacity ,from Power MWH 
Investment Cost 

A.  Investment Cost 

B. Annual Capacity Cost 
1. Fixed Charges 

a .  Cost of Money 6.25$ 
b. Depreciation 0.71 
c Interim Replacemento. 35 
d .  Insurance 0.25 
e .  Taxes 5.72 

Total Fixed Charges 

2. Annual Cost on Fuel Stock Investment 
14 mill ion Btu @ 364 X 6.25% 
13.1 Million Btu $2 22.9 x 6.25$ 

3. Fixed Operating Costg 6 a. Fuel - 5.75 x 109 Btu @ 364110 
. - 

b. Operation & Maintenance 
c. G-& A - 25$ of 2b 

Total Fixed Operating Costs 

To'tal Annual Costs ~ ( 1 ) + ~ ( 2 ) +  ~ ( 3 )  $25.17 $22.35 

Total  Fixed Costs i n  M i l l s l ~ e t  Kw 

C .  Energy Cost-Variable Operating Costs 
1. Energy Fuel (10,250 - 820) ~tu/Kwh 

( 9,600 - 960) B ~ U / K W ~  
2 Operation & Maintenance 
Total Variable Costs 

D. Total Cost per Net Kilowatt-Hour, Mills 

(1) Capitol Costs -based upon p r iva t e  u t i l i t y  
(2) Coal a t  22.9 cents per mil l ion Btu 
(3) Gas a t  36 cents per mill ion Btu 



TABLE V 

ELECTRIC POWER GENERATING COSTS, 50 mgpd 
COMBINED WITH WATER CONVERSION PLANTS 

Gross Output 
Net Capaci ty 
Investment Cost (1) 

A. Investment Cost (1)  
P l a n t  (Excluding s u b s t a t i o n )  

B. - Annual Capacity Cost 
1. Fixed Charges 

a, Cost of Money . 6.25% 
b. Depreciat ion 0 .71  
c .  In t e r im  Replacement 0 .35  
d.  Insurance 0.25 
e .  Taxes 5.72 

T o t a l  Fixed Charges 

2. Annual Cost op Fuel  Stock Investment 
29.5 x loo Btu 

3 Fixed Operating Costs  
a. Fuel  - 14,000 x 7000 x 10% x 22.9$/106 

14,000 x 7000 x 8% x 364 1106 
b. Operation & Maintenance 6546 
c .  Admin. & General Expense 25% of 2b 

To ta l  Fixed Operating Costs 

To ta l  Annual Costs B ( P ) + B ( ~ ) + B ( ~ )  

To ta l  Fixed Costs i n  Mills/Net Kw 

C.  Energy Cost - Variab le  Operat ing Costs  
1. ' F u e l  (14,000 - 1400) Btu/Kwh 

, - 
2. Operation' & ~ a i n t e n a n c e  35% 
T o t a l  Variable  Costs 

D. To ta l  Cost p e r  Net Kilowatt-Hour, Mills 

E. Difference i n  Cost - Combined - Unassociated 
( ~ 1 1 s  /Kwh) (7.12 - 5.81) coa l  

Power P lan t  P r i v a t e l y  Financed 
Coal cos t  a t  22.9 cen t s  p e r  m i l l i o n  Btu 

3) Gas cos t  a t  36 cen t s  p e r  m i l l i o n  Btu 
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The Lotser Coiorado F ive r  Basin inc;udes southeas tern  Ca l i fo rn ia ,  
southern Nevada, sou times 'cern Nesr Mexico, southwestern Utah, and almost 
a l l  of Arizona ( see  Geologica; Survey Appendix f o r  map). A s  southern 
Ca l i fo rn ia  i s  genera l ly  t r e a t e d  a s  a s i n g i e  market a rea ,  d a t a  from t h e  
following southern Ca l i fo rn ia  cour~t  i e s  :rere i~ ic luded  i n  t h i s  b r i e f  
s tudy  : Imperial,  Kern, 10s Angeles , UL ?age, Ril-em ide ,  San Bernardiao, 
San Diego, San LL& Obispo, Eanta Barbara, and Ventura. 

HisJcorically a miAiiiig area ,  the value of ~ni l le ra l  production i n  
1962 iras about $1 + 5 b i l l i o n  ( f i g .  2). Petroleum and copper a r e  t h e  
major mineral products of the  bas in  ( t a b k s  1 through 4 ) .  

Reserves 02 P o s s l l  f u e l s  a r e  more than adequate t o  meet foreseeable  
fulul-e power needs ~ ~ h i e h  appear t o  be i i icrzasing e x p o n e ~ ~ t i a l l y  ( f i g .  5)) 
a s  bas in  popuiat ion increases  l i n e a r l y  ( f i g .  I). I n  t h e  A ~ i z o n a  area,  
coa l  %rib1 become the  dominant soucce of enwgy; i n  southern Cal i forn ia ,  
nuclear  genera-cio-I t s i i l  be the  magor source of energy ( t a b l e  6). 

Water coiisl-m.pt.f on by -the b a s h  s mineral ind-czt t r y  w i l l  i nc rease  
from 130,OOC ae-e-feet i n  1960 t o  over 325,000 a c r e - f e e t  by 200Q ( f i g o  3 ) .  
Most of the  w a k ~  cc=insu.r~~~d w i l l  be :%or the proeessfiig of copper ore ,  
crude petroleturn, and n o i x n ~ t a l l i c  m u e r a l a  such a s  sand end pavzl ( t a b l e  4 ) .  

Eaplopien-i; TE. the  Lover Colorad? E v e r  Basin mineral  iizdustry, 
about bk,(?OO i n  1 9 6 ~ ~  ! s i l l  nea r ly  dl's-uble by 2900 ( f i g ,  41, 

The mineral indus t ry  of t h e  Lower Basin St .aJ~es  w i l l  b e n e f i t  d i r e c t l y  
from the  Lover Colorado River  W o j e c t ,  Large q u a n t i t i e s  of e l e c t r i c a l  
energy, over and above t h e  hydroe lec t r i c  p m e r  a v a i l a b l e ,  ~ ~ o u T d  be 
requi red  'GO ob ta in  and t r a n s p o r t  waters f ~ o m  various sources t o  t h e  con- 
sumer. T91i.s vill, c,s-eate a very sube"isnt ial  demand f o r  coal  and perhaps 
o the r  f u e l s  from JLah, New Mexico, and such czdditional sources a s  may 
be economic. Construction of p r o j e c t  Eeat~k-es--dams: hydroe lec t r i c  
pla~:ts ,  acpeduc t s  - - - i a i i l  requ-ire cement , sand arid gravel., and o the r  pro- 
du.cts of t h e  rninerai i n d u s t r i e s .  

The Bureau. of Xines spec i f  ical2.y recomcids tila-t $.ails f o r  -the 
Lo'tser Coiorado River- ProJec-t include,  in so fa r  a s  poss ib le ,  pl-ovisions 
of adequate supp l i e s  of' weter of su iJmble  yuai i ty-  f o r  exis-king n.nd 
p o t e n t i a l  mineral  de-velioprnea-t . Achieving t n i s  ob j e c t i  ve i s  e s se i l t i a i  
t o  t h e  defensive s-creiigth and economic grmii'th of t h e  Nation. 



In broau outl ine,  t h e  obgec-biv~s o? the p,an being p e p a r e d  for consid- 
era t ion  by %he affected States are to alkrfate present imtes deffcfeneies  
aria t o  mee"cwhre mter dermizds v i t b o ~ t  detrfmen+b to any area* Additional 
water f o r  the immediate futmse, aef ined as the 27-ye= period to ,980> w i l l  
be obtained Prom eonsesvezzxon of exist in^: supplles zlwougli r e c l a m t i o n  and 
other techniques , desuaTaixi.eat9on of s G i n e  waters, import from areaas of 
swpliis, or a combination of a ~ 2  t h r e e o  



The Lover Colorado River Baain, murp~is ing  a major pnr t fon of the  
PaciP2e Southtgest, Is an area of geographic, topogr%rh4c, geologic, m d  
@lirnatic extreme%, 

The %re% i,ncludes parts of two regions of i;l.~e Intermom-Lane Highianda 
( wf . 10), t h e  Colorado Plateau, vhich lies iargeLy i n  Utah, Colorado, 
New Mexico, and Arizona, and t he  &sin  and Range Regiol-~  reat at tiasin), 
which i s  chief .i,y f ii Zevada eand Utah, but extends in-i;o sou!~heri~ Cali :f ornia  
and Arizona where it merges i n t o  the  bkxiem P h t e i j ; ~ ,  The Co2,orado Plateau 
cons i s t s  a c t  W l y  of many pla teaus  aepenra.ted by s t e ep  escarpmeiiLs and deep 
canyons carved i n t o  sed%aenta.ry rock, In recenJc, years, - h e  ,SoZorado 
Plateau has become notab3.e f o r  its prodtxction of uranium, ye t ro lemp and 
n a t i r d ,  gas The Ba8i.a ma Range region, a&ie'!2 .imSudes Death l?%.l.ley and 
the Mohave desert, i s  charact.esized. 'by numerous north-smith mo:mt%in 
ridges;  tliick blEbnl-cets o f  wiconso,li,da"ted. se6imanta *a;~sii.ly o c e q y  the 
depressions between  ridge^. A rickiiy minG:alized b e l t  extends t k ~ o w h  
cen-tsal and sozNneastesn Arizona, +here most of the copyer x h a s  sm 
s i t ua t ed  



Oil and gas and ccqper e w r e ~ t . 2 y  ieceoz:r,t for a2nos-t three-fourths of 
the tots:, va-lw of mineral com~.odi-tl.es produced %n t.he basin. In 2.953 

o - -  a the total v%l.-le of all, mheral corrm,od.Sties v&a $L. i.? b~;.~aon, In the 
foEowing %en years to 1952 xain%itL produ~,tion increased 29 percent to 

, - .. $2.  jl bf.'*,i,on per. yeaz. The valze  ti^^,.! be $1,. 8 bi PXon  per yew by 1988, 
'based. upan e x t r a p i  of p s 1 ;  ? r ~ d k ~ ~ T . i a n ,  A:t.so i n  1,953 the mineral 
-jndrj~ t r y  csrismfi& x O 9 ,  OC':: aer':,-r"ees-t ,:$ , 'P~eakl ;:a%er. Over the Zren- year 
st,udy ges5cjd ~ a t e r  i^:mbum;5,tfon ific:rease? iiC peroento It fs expected to 
reach '7_,'$., 68Cj acire- f.eet 'by 1952, Tke ~4mkelc:  of" persons eq'l,oye:?., by the - .  miner& ';.i7&tjlz?trj; inc:r.e,as& f y o ~ ~  L ~ , S , ~ C l  tc, h&,QQCj k;eS;;i7~,~,r, ;.355? t h e  f i r s t  
~ J - 6 1 0  8 f~?:: :.& .'i=.ja sq;: c;mil.tnt. recor.i:c. .;~,.ese a~%i,alc.le, 29.52 . '3,~ IXEII?JW 

af envloyees b3.1-.pe.:,"i,el'3. T.:> f - ~ . ~ r e B  ~g k<j +. ; ' T i ,  . L b y 7  d 'lg$ x e 



Nonmetallic Minerals 

Nonmetallic minerals account f o r  20 percent of t h e  t o t a l  mineral. pro- 
duction value and f o r  35 percent of the  t o t a l  water consumption by t h e  
Lower Colorado River Basin 's  mineral industry.  Sand and gravel, stone, and 
cement make up about 65 percent of the nonmetallic m ine rds  production. 
I n  the  metropolitan areas of t he  basin, t he  ant ic ipated population increase 
w i l l  r e s u l t  i n  a =eater  demand f o r  water by nonmetallics, e spec ia l ly  the  
sand and gravel industry.  

From an annual production value of $140 mil l ion i n  1953, nonmetallics 
rose 118 percent t o  $305 mil l ion by 1962. Annual production by 1980 i s  
estimated t o  be $400 mill ion.  Annual water consumption was 30,000 acre-feet  
i n  1953; 49,000 i n  1962; and i s  estimated t o  reach 75,000 by 1980. The 
industry employed 8,000 persons i n  1953; 10, 000 i n  1962; and may employ 
15,000 by 1.980. 

Fuels, consist ing mostly of petroleum and na tura l  gas products from 
California, account f o r  over 40 percent of t h e  t o t a l  value of the  bas in ' s  
annual mineral production and f o r  over 30 percent of the  water consumption. 
Water i s  used i n  the  petroleum industry primarily f o r  cooling i n  re f inery  
operations. 

The value of f ue l s  production was $723 mil l ion i n  1953, $1 b i l l i o n  
i n  1957, and back t o  $700 mi l l ion  i n  1962. However, i n  terms of a 
constant 1960-value do l la r ,  f u e l s  production i n  the  basin declined about 
1 7  percent between 1953 and 1962, a s  re f lec ted  i n  the  curve on f i gu re  2. 
During the  same period water consumption by t h e  industry increased 
s t ead i l y  from 34,000 acre-feet  per  year t o  48,000. Employment remained 
f a i r l y  constant a t  about 18,000 throughout t he  period. 

The seeming paradox between the  decl ine  i n  production value a s  
opposed t o  the r i s e  i n  water consumption is explained by t he  f a c t  t h a t  
Ca l i fo rn ia ' s  reserves a r e  being depleted, thereby reducing production, 
while crude o i l  imports have increased, thereby increasing re f inery  
operations and associated water consumption. 

By 1980 the  fue l s  industry of the  basin i s  expected t o  have an 
annual production value of $750 mill ion,  annual water consumption of 
100,000 acre-feet ,  and employment of 19,000 persons. 

Reserves of f o s s i l  f u e l s  i n  t h e  basin and surrounding areas a r e  
more than adequate t o  meet foreseeable fu tu r e  demands. 



Future P o s s i b i l i t i e s  

Despite  a  current  do~mnward t r end  ( i n  'cerms of 1960 d o l l a r s )  
t h e  value of mineral production of t 5 e  Lover Colorado River Basin w i l l  
i nc rease  ( f i g .  2), a s  t h e  Lower Colorado R i ~ r e r  Basin populat ion increases .  
The downvard t rend i s  caused by a d e c i i d . ~ g  production of t h e  southern 
Cal i forn ia  o i l  f i e l d s  (an increas ing  percentage of C ~ l i f o r i l i a - r e f i n e d  
?rude o i l  i s  from foreigi i  sources ) .  This t r end  w i 1 1  be reversed a s  t h e  
immense r e se rves  of southern Ctilif or l l ia  o f f  shore o i l  come i n t o  produ -,t ion  
i n  the near  fu-cure. The estim3-tes depicLed i n  f i g u r e  2 a r e  very 
approximate and a r e  merely of fered  tc indica  ~e Lhe t r e a d .  

!hny mineral  resources,  not notr major f a c t o r s  i n  -the Lower Colorado 
River B s i n  mineral  indus t ry ,  a r e  found i n  l a r g e ,  but  low-grade depos i t s  
i n  t h e  bas in  a r e a ,  Changing teclznology o r  p r i c e  increases  could encourage 
t h e  u t i l i z a t i o n  of these  resources i n  %he f u t u r e .  Thus it i s  poss ib le  
t h a t  the  p red iz t ed  mLnera1 productior.  value ( f i g ,  21, water consumption 
( f i g .  3) ,  and employment es t imates  ( f i g .  41, e s p e c i a l l y  f o r  t h e  year  2000, 
a r e  on t h e  conservaJci.ve s i d e  . The ma jox commodities a r e  discussed b r i e f l y  
below : 

Anor-~110s i lLe, used (from bJyorning ) a s  an experimental 
source of aiwninur~ during Wol-12 liar 11, occurs i n  l a r g e  
exposures i n  the  Los Angeles eree, A c o ~ ~ b i n a t i o n  of unavaila-  
b i l i t y  of f  orei&n haxxi te , Pncreas ed aluminum consuaption, and 
technologic breaki;hrouglis, may e f f e c t  t h e  u - l i l i za t ion  of t h i s  
reso=ce,  

Extensive sea f loor  phosphori te  depos i t s ,  discovered o f f  
t h e  coas t  of southern Ca l i fo rn ia ,  m y  soon become technologi-  
c a l l y  f e a s i b i e  t o  mine f o r  the  Ca l i fo rn ia  market. 

Kern and San Eernardino Counties conta in  t h e  l a r g e s t  
gold n ines  i n  southern C a l i f o ~ n i a .  3ne Randsburg d i s t r i c t ,  
once exceptional9y productive, could become an  important 
gold producing a rea  und-ex- f  a v o r a l ~ l e  economic c i rc~uns  tanees . 

The Ato l i a  d i s t r i c t  i n  Sen Bern rdiric Coun1,y nas been 
one of t h e  two major sources of t u  ~ g s  t e  . ill Ca l i fo rn ia .  
Research, ~ G T :  b e i ~ i g  co-ldurted o r  a ~ 'o r ldwide  'oasis f o r  new 
app l i ca t ions  and markets i'cr lu,q.p%en, may boost  the  demand 
f o r  t h i s  high- 'cemperatixe meta l .  

Future eontirlued development of heavy i l ldustry i n  t h e  
Lover Colorado River %s in  may brirlg about u t i l i z a t i o n  of 
the  po'centially g r e a t  low-grade i r o n  o re  depos i t s  throughout 
Arizona. 



WATER CONSTUMPTION BY THE MINERAL INDUSTRY' 

Water consumption by t he  mineral indust ry  i n  t he  Lower Colorado River 
Basi n w i  11 incpease from approximately 130,000 ac re - fee t  i n a960 t o  over 
320,000 acre-feet  by 2000 ( f i g .  3 ) .  Most of t h e  water consumed w i l l  be f o r  
the  processing of copper ore, crude petroleum, and nonmetallic minerals 
such a s  sand and gravel  ( t a b l e  4 ) .  

Consumption data  represent  a minimum a s  they include only t h a t  qwntlity 
of water l o s t  by evaporation or by incorporation i n  a product ( r d f .  9 ) .  
Recirculat ion of water notwithstanding, a given mining operation usual ly  
takes i n  considerably more new water ( f r e sh  water used f o r  t h e  f i r s t  time i n  
an operation) than it consumes. Most of t he  di f ference i s  l o s t  by discharge 
i n t o  a stream o r  ground water o r  may be s to red  i n  a rese rvo i r .  While d i s -  
charge i n t o  surface water may be avai lable  f o r  immediate reuse,  discharge 
i n t o  ground water may not be ava i l ab le  f o r  reuse  u n t i l  it has percolated t o  
an area  where it can be u t i l i z ed .  This can t ake  many y e w s .  For t h i s  reaecn 
the  mineral industry requires  some quanti ty of water t h a t  i s  l e s s  than t h e i r  
t o t a l  in take  of new water but  more than the  t o t a l  a c tua l  conswnlption. This 
re la t ionsh ip  i s  not c lea r ly  defined. 

Based upon the  f a c t  t h a t  t he  Arizona mineral indust ry  as a whole takes  
i n  t w i  ce as much new water as  it consumes ( r e f .  g), a t o t a l  bas in  water 
in take estimate, ranging from 260,000 acre-feet  i n  1960 t o  650,000 acre-feet  
i n  2000, i s  shown on f i gu re  3. This estimate assumes t h a t  t h e  same r e h t i o n -  
ship between new water in take and conswnption e x i s t s  i n  southern Cal i fornia  
and southern Nevada, a f a c t  t h a t  has not ye t  been determined, 

i n  southern Cal i fornia  t he  major demand has been about equally divided 
betweec t he  petroleum and the  nonmetallics i ndus t r i  es ( t a b l e  7). The ~ a i n  
use f o r  water i n  the  petroleum indust ry  i s  f o r  cooling i n  r e f i ne ry  operasiocso 
This use w i l l  not increase a s  rap id ly  as r e f i ne ry  capacfty because of eaphaaia 
on r ec i r cu l a t i on  of f r e s h  water and i rxreased use of s a l i n e  water wke re~es  
possible.  

I n  Arizona most of the  water required by t he  mineral ind;zs"cr;~ i s  naed  
i n  copper operations. A continuing drop i n  t he  grade of copper ores  ained 
w i l l  g rea t ly  increase t he  tonnage of ore processed and t h e  quanti ty of water 
used i n  f l o t a t i o n  of the  ores ,  

Water consumption by the  mineral indust ry  i n  southern Nevada 2s  r e l a -  
t i v e l y  minor (about 2,000 t o  3,000 ac re - fee t  En I-962l0 Nometa lh r  %r.fx.ersls 
processing seqxires  most of t h a t .  Those port ions of New Mexico and U%& 
within t he  Lower Colorado River Brsin have no s ignf f iean t  mineral prcc2x5fan. 

I n  t he  metropolitan areas  of t he  basin, t h e  populatfon increase  w i l l  
r e s u l t  i n  greater  demand f o r  water by the  nonmetallic minerals indust ry ,  
especfal ly t he  sand and gravel  indust ry ,  



Although the  Lower Colorado River BasinBs population w i l l  increase 
l i n e a r l y  ( f i g ,  l ) ,  i ts  power requirements w i l l  increase e q o n e n t i a l l y  
( f ~ g ,  5 )  as energy use per capi ta  continues t o  grow, Elec t r i c a l  
requirements w i l l  increase from about 44.3 b i l l i o n  kwh i n  1960 t o  171,5 
b i l l i o n  Wh by 1980 ( f ig .  5 and table 5)  and may exceed 700 b i l l i o n  kwh 
by 2000 ( f i g .  5 ) .  

Hydroelectric capacity w i l l  continue t o  pow but  i t s  r e l a t i v e  
importance w i l l  be dwarfed by the  increase i n  t h e m 1  generation capacity. 
Most thermal generation un i t s  i n  the  Arizona a rea  w i l l  u t i l i z e  coal  or  
gas, Coal w i l l  become the  dominant source of energy by 2000. I n  t he  
southern California area  the  s i t ua t i on  is d i f f e r en t .  Despite l a r g e  
l o c a l  reserves  of o i l  and gas and the  p o s s i b i l i t y  of Western coal  being 
transported t o  the  load centers by means of coal  s l u r r y  pipel ines  c r  
i n t eg ra l  t r a in s ,  nuclear generation w i l l  become the  major source of energy 
by 1985. Table 6 shows t he  predicted re la t ionsh ip  of energy sources i n  
the  S t a t e  of California.  Because of a i r  pol lut ion regulations,  nuclear 
generation w i l l  be encouraged t o  develop even more rap id ly  i n  southern 
California . 

Reserves of f o s s i l  f ue l s  a r e  more than adequate t o  meet foreseeable 
fu ture  power needs. 

Estimated proved reserves of na tura l  gas i n  California,  as of 1961, 
were 9 , l  t r i l l i o n  cubic f e e t  ( r e f .  1 ) .  Interconnected f i e l d s  i n  the  
Mountain S ta tes  and Texas contained an estimated 143 t r i l l i o n  cubic f e e t  
i n  1960 ( r e f ,  3) .  Tied-in pipel ines  make a t  l e a s t  a port ion of t he  t o t a l  
quanti ty avai lable  t o  the  Lower Colorado River Basin area. Assuming 
lp075  Btu per  cubic foo t  of na tura l  gas and 34 percent ( r e f .  13)  e f f i c iency  
( fu ture  thermal plants w i l l  be even more e f f i c i en t , t ' h ae ly  decreasing f u e l  
demands ), only 6.5 t r i l l i o n  cubi c f e e t  of gas would be required t o  generate 
the  700 b i l l i o n  kwh energy requirement predicted f o r  2000. Of course, not  
a l l  of the  power requirement w i l l  be met by u t i l i z i n g  na tura l  gas energy. 

Proved reserves of crude petroleum i n  California,  a s  of 1961, were 
3.9 b i l l i o n  bar re l s  ( r e f .  1). A t  6 mil l ion Btu per ba r r e l  and 34.5 percent 
eff ic iency ( r e f .  1 3 )  the  700 b i l l i o n  kwh year 2000 requirement i s  equiva- 
l e n t  t o  about 9.1 b i l l i o n  bar re l s  of o i l .  Although other Western S t a t e s "  
o i l  reserves could be tapped, o i l  is  not expected t o  play a vigorous r o l e  
i n  the  expanding thermal generation f i e l d  ( t ab l e  6 ) .  

While California has only 47 mil l ion tons of coa l  and l ignf  t e  ( r e f .  81, 
Colorado, New Mexico, and Utah have a combined bituminous coal  reserve of 
85 b i l l i o n  tons ( r e f .  3).  Assuming 25 mil l ion Btu per  shor t  ton of bitumi- 
nous coal and 35 percent eff ic iency ( r e f .  l 3 ) ,  only about 270 mil l ion tons 
of bituminous coal  would be consumed i n  generating t h e  700 b i l l i o n  kwh 
year 2000 requirement. 

8 



FUEL FOB SALINE WATER CONVERSION 

The O f f i c e  o f  S a l i n e  Water has  been s u c c e s s f u l  w i t h  i t s  one-mi l l ion-  
gal lon-per-day m u l t i s t a g e  f l a s k  d i s t i l l a t i o n  demons t ra t ion  p l a n t  a t  
San Diego, C a l i f o r n i a .  It now p l a n s  t o  c o n s t r u c t  a  308-mi l l ion-ga l lon-  
per-day p l a n t ,  u t i l i z i n g  t h e  same c ~ n v e r s i o n  p r o c e s s ,  t o  b e  on s t ream by 
1975. The f a c i l i t y  w i l l  be l o c a t e d  i n  C a l i f o r n i a ,  e i t h e r  n e a r  Los Angeles  
o r  i n  t h e  S a l t o n  Sea a r e a .  The p l a n t  w i l l  be equipped w i t h  two 500-megawatt 
g e n e r a t i n g  p l a n t s ,  Sea w a t e r  h e a t i n g  w i l l  r e q u i r e  90,000 kw p l u s  a l l  t h e  
was te  h e a t  produced i n  t h e  g e n e r a t i o n  o f  power, The remain ing  910,000 kw 
w i l l  be marketed t o  h e l p  o f f s e t  t h e  c o s t  o f  t h e  f l a s h  d i s t i l l a t i o n  p r o c e s s .  
F u e l  f o r  power g e n e r a t i o n  w i l l  be f u r n i s h e d  e i t h e r  by o i l  o r  gas  ( a v a i l a b l e  
i n  C a l i f o r n i a ) ,  c o a l  (from Utah,  New Mexico, o r  o t h e r  Western S t a t e s ) ,  o r  
n u c l e a r  energy.  

Mine-mouth power p l a . n t s ,  w i t h  h igh-vo l tage  t ra .nsmiss ion  l i n e s ,  w i l l  n o t  
be f e a s i b l e  because  u t i l i z a t i o n  of  was te  h e a t  i s  p a , r t  o f  t h e  m u l t i s t a , g e  f l a s h  
d i s t i l l a . t i o n  scheme. Thus t h e  the rmal  p l a n t  w i l l  be c o n s t r u c t e d  a , longs ide  
t h e  s a l i n e  wa.ter convers ion  p h n t .  Coa.1, i f  u t i l i z e d ,  i s  n o t  found i n  
qua ,n t i ty  i n  C a l i f o r n i a .  a,nd would t h e r e f o r e  be t r a n s p o r t e d  t o  t h e  convers ion  
s i t e  by ra . i l r0e .d  o r  p i p e l i n e  (powdered c o d  i n  a, wa te r  o r  o i l  s l u r r y ) .  

I n  comparing f u e l  c o s t s ,  d e l i v e r e d  p r i c e  p e r  m i l l i o n  B r i t i s h  the rmal  
u n i t s  i s  t h e  s i g n i f i c a n t  f a c t o r ,  It i s  e s t i m a t e d  t h a t  f o r  l a r g e  c o n t r a c t s  
such a s  would p r e v a i l  under t h e  contemplated p r o j e c t  Utah c o a l  cou ld  be  
produced and s o l d  f o r  15c t o  l7.5C p e r  m i l l i o n  Btu ,  f.o.b, mine. C u r r e n t  
c o s t s  a r e  on t h e  o r d e r  o f  2 0 ~  p e r  m i l l i o n  Btu.  T r a n s p o r t a t i o n  c o s t s  v i a  
c o a l - s l u r r y  p i p e l i n e  have been e s t i m a t e d  a t  1.4 t o  1.7 c e n t s  p e r  m i l l i o n  
Btu p e r  100 m i l e s .  Thus c o a l  from n o r t h e a s t e r n  Utah cou ld  be d e l i v e r e d  t o  
a  Los AngePes s i t e  a t  23 t o  25 c e n t s  p e r  m i l l i o n  Btu,  p r o b a b l y  n e a r e r  t h e  
l a t t e r  f i g u r e ,  Cost  a t  t h e  S a l t o n  Sea s i t e  would be l e s s .  New Mexico c o a l  
could  p robab ly  be d e l i v e r e d  a t  t h e  kos  Angeles s i t e  f o r  a b o u t  t h e  same p r i c e .  
P o s s i b l e  lower mining c o s t s  a t  t h e  l a r g e  b u t  low-grade l i g n i t e  d e p o s i t s  o f  
Wyoming and t h e  Dakotas might y i e l d  f u e l  a s  low a s  1 4  c e n t s  p e r  m i l l i o n  Btu,  
f.o,b. mine, However, t h e  a d d i t i o n a l  t r a n s p o r t a t i o n  c o s t  would i n c r e a s e  t h e  
d e l i v e r e d  p r i c e  t o  approx imate ly  40 c e n t s  p e r  m i l l i o n  Btu.  

T r a . n s p o r t a t i o n  cha.rges f o r  u n i t i z e d  o r  i n t e g r a . 1  t r a i n  hau lage  o f  c o a l  
ha,ve been e s t i m a t e d  a, t  up t o  12 t o  113 p e r c e n t  h i g h e r  t h m  t h e  s o a , l - s l u r r y  
t r a n s g o r ~ t a t i o n  c o s t .  % r a , n s p s r t a . t i o n  cha.rges f o r  r a i l r o a d  hau lage  o f  c a a l  
based upon f i l e d  t a r i f f s  would be .about 3.0 t o  7,6 c e n t s  p e r  m i l l i o n  Etu 
p e r  100 m i l e s  ( r e f .  1 6 ) ,  and abou t  l , 4  t o  l , 7  c e n t s  p e r  m i l l i o n  Btu p e r  
LOO m i l e s  ba,sed on known u n i t r a i n  r a t e s .  

The smog problem i n  s o u t h e r n  C a l i f o r n i a  cou ld  c o n c e i v a b l y  p r ec lude  t h e  
u t i l i z a t i o n  o f  c o a l  a s  a f u e l  r e g a r d l e s s  o f  c o s t  p e r  m i l l i o n  Btu.  

The comparat ive  p r i c e s  o f  o i l  and gas i n  t h e  Los Angeles  area ,  a r e  
32.2 c e n t s  p e r  m i l l i o n  Btu and 34.3 c e n t s  p e r  m i l l i o n  Btu,  r e s p e c t i v e l y  ( s e e  
r e f ,  61, Increa ,sed dema.nd f o r  o i l  and g a s ,  coupled w i t h  d e c l i n i n g  p r o d u c t i o n  
and smog reguBa.t ions cou ld  p o s s i b l y  s e t  t h e  s t a g e  f o r  an  a l l - n u c l e a r  e l e c t r i -  
c a l  g e n e r a t i n g  f a c i l i t y  a t  t h e  s a l i n e  wa te r  c o n v e r s i o n  s i t e .  



BUREAU OF MINES SINDIE3 

Reservoir S i t e  Examinations 

The fol lowing reservoir  s i t e  examinations have been completed, 
and d e t a i l e d  repor t s  submitted t o  t h e  Bureau of Reclamation, by t h e  
Bureau of Mines : 

1. Bridge Canyon .................. Arizona 
2.  Marble Canyon.... .............. Arizona 
3 .  Maxwell Reservoir.............. Arizona 
4.  River Mounta ins . . . . . . . . . . . . . . . .  Nevada 
5 .  Senator Wash. . . . . . . . . . . . . . . . . . .  Cal i fornia  

The following rese rvo i r  s i t e s  a r e  scheduled f o r  examination i n  
order t o  de f ine  possible mineral resources involvement: 

lo Buttes........o....~o.mOaaa~~~~ Arizona 
2 .  C h ~ l e s t o n . , . , . . . o O O O ~ ~ ~ o ~ ~ ~ ~ o o  Arizona 
3 .  Ho~ker...........~~~...~...~... Mew Mexico ................ 4. Lower Gunlock.. Utah 
5 .  Virgin City...,,....o.o...e~o~o Utah 

The a rea  t o  be involved i n  t h e  Central  Arizona Aqueduct System 
w i l l  a l s o  be exmined by the  Bureau of Mines. 

Canal-Linim Research 

Promising r e s u l t s  have been obtained i n  the  l abora to ry  phase of 
canal - l in ing research now nearing completion a t  the  S a l t  Lake Ci ty  
Metallurgy Research Center of t h e  Bureau of Mines. If the  technique 
developed proves as successful  i n  f i e l d  t e s t s  a s  i n  t h e  labora tory ,  
it can be applied a t  many places i n  the  Eower Colorado River Basin 
with appreciabie savings i n  first cos t  and annual charges. 

Primary obgeetive of t h e  research,  sponsored by t h e  Missouri River 
Basin Froject ,  was t o  f i n d  a low-cost means of reducing canal leakage 
and consequent waste of water and land.  Bureau technicians a t tacked 
the  problem through mineralogical and chemical channels. They found t h a t  
adding c e r t a i n  s a l t s  t o  e i t h e r  coarse- o r  f ine-grained mater ia ls  con- 
t a in ing  some c lay  would reduce percola t ion r a t e s  sharply  and make the  
mixtures r e l a t i v e l y  impervious. Many water-soluble s a l t s  were t r i e d  
a s  sea lan t s  i n  control led  labora tory  t e s t s ,  and among t h e  most e f f e c t i v e  
w a s  sodium carbonate. I n  permeabil i ty t e s t s  under both f reez ing  and 
thawing conditions, the  sodium-carbonate treatment a l s o  proved reason- 
ably  durable. Moreover, the  method is  r e l a t i v e l y  inexpensive: cos ts  
of sodium carbonate and i ts  app l i ca t ion  a r e  est imated a t  1-112 t o  2 
cents per  square year each, o r  a t o t a l  of 3 t o  4 cents  per square yard 
t r ea ted .  
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During the  current  f i s c a l  year, personnel of the  Bureaus of 
Reclamation and Mines w i l l  u t i l i z e  the  laboratory r e s u l t s  t o  design 
fu l l - s ca l e  f i e l d  t e s t s  of the  treatment method. Canal-lining materials  
( s o i l  samples) from seepage problem areas i n  Nebraska and New Mexico 
now a re  being tes ted i n  the  laboratory,  preparatory t o  s e l ec t i ng  one o r  
more f i e l d  t e s t  s i t e s .  

Nevada Mineral Industry Water Requirements 

In  f i s c a l  year 1964 the Bureau plans t o  study the  water-use 
pract ices  of the  mineral industry i n  Nevada s i m i l a r  t o  t he  study 
perf orrned i n  Arizona ( r e f .  9 ) .  Because the mineral industry (par- 
t i c u l a r l y  copper) i s  such an important element i n  the  economy of 
Nevada, the  ava i l ab i l i t y  and u t i l i z a t i o n  of water must be quantif ied.  
Water cost  f igures  w i l l  be especia l ly  useful  i n  in te rpre t ing  costs of 
conservation pract ices  such a s  rec i rcu la t ion ,  Similar s tud ies  i n  
other water-starved S ta tes  of the West, x i t h  emphasis on t h e  e f fec t  of 
water shortage on mineral industr ies ,  should be an important Bureau e f fo r t  
i n  the fu ture .  

Other 
P 

!The Bureau w i l l  continue t o  investigate,  twough cooperative 
agreements with California and Nevada, mineral occurrences of 
po ten t ia l  importance t o  the  S t a t e s '  economieso Future exploration 
w i l l  help determine the  a v a i l a b i l i t y  and u sab i l i t y  of t he  nonmetallic 
minerals such as clay, limestone, and bar i t e ,  so  necessary t o  the  
expanding population of the  Lower Colorado River Basin. 

O i l  f i e l d  reservoir  data  w i l l  be analyzed i n  an attempt t o  
increase the  accuracy of petroleum production forecasts  t o  be t t e r  
determine the  a v a i l a b i l i t y  of f u e l  f o r  the  area.  

Bureau research on pipel ine  t ranspor ta t ion of coal  (powdered 
coal, i n  a water-slurry),  proceeding now i n  the  East, may be of 
i n t e r e s t  i n  fu tu re  f u e l  t ranspor ta t ion considerations i n  t h e  basin,  



CONCLUSIONS AND RECOMMENDATIONS 

The highly important r o l e  of t h e  mineral indust ry  a s  a customer f o r  
water was  c l e a r l y  demonstrated by the  Bureau of Mines study i n  Arizona 
( r e  9 ) .  Similar  s tudies  f o r  southern Cal i fornia  and the  remainder of 
t h e  Lower Colorado River Basin should be made. Only i n  t h i s  manner can 
the  es t imate  of water consumption ( f i g .  3) be re f ined  t o  an accura te  
water requirement fo recas t .  

Reserves of f o s s i l  f u e l s  a r e  more than adequate t o  s a t i s f y  f u t u r e  
power demands ( f i g  . 5 and t a b l e  5 ) . Bitwninous coal  w i l l  be i n  such 
g r e a t  demand f o r  power generat ion by 2000, mostly i n  Arizona, t h a t  
production from mines i n  the  immense reserves  of coal  i n  Colorado, Utah, 
New Mexico, and Wyoming must be increased t o  s a t i s f y  t h a t  demand. 
Arizona alone w i l l  need 5.65 mi l l ion  tons a year by 1980 and 47.5 mi l l ion  
tons a year by 2000. The magnitude of t h i s  requirement i s  r e a l i z e d  when 
one compares it t o  the  combined coal  production of t h e  four  s t a t e s  f o r  
1961-11.8 mi l l ion  tons.  

Transportat ion of so  g r e a t  a tonnage probably w i l l  be t h e  g r e a t e s t  . 
problem confronting consumers of coal.  Unit t r a i n s  may be capable of 
moving only a p a r t  of it, and it is  l i k e l y  t h a t  a combination of means 
of t r ansmi t t ing  energy-coal t rairrs ,  EHV transmission, possibly p ipe l ine  
( i n  s p e c i a l  s i t u a t i o n s ) ,  and t i e - i n s  of power-transmission l i n e s  w i l l  
be used 

Only t h e  most s u p e r f i c i a l  inves t igat ion,  and p r a c t i c a l l y  no study, 
could be given t h e  subject  of t h i s  r e p o r t .  The sub jec t s '  importance and 
magnitude requ i re  much more ser ious  inves t igat ion,  analys is ,  and evaluation 
than tras poss ib le  i n  the  l i t t l e  time a v a i l a b l e  t o  them. 

It is  recommended t h a t  thorough s t u d i e s  be made of f u t u r e  need f o r  
water, f u e l s ,  minerals,  t r anspor ta t ion ,  and the  o ther  needs t h a t  t h e  
Lower Colorado River Basin development w i l l  c rea te .  
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Clay .......................... .thousand short tons.. 
Copper (recoverable content of ores)... short tons.. ...... Gold (recoverable content of ore) troy ounces.. 
h a d  (recoverable content of ores)..... short tons.. 
Lime ......................... thousand short tons.. 
m i c e  ................................ do........... 
Sand and gravel ........................ do........... 
Silver (recoverable content of ores) 

thousand troy ounces.. 
......... .. Stone................ thousand short tone 

Zinc (recoverable content of ores)......short tons.. 

Quantity 
1953 

Value 
(thousands) 
$ 720.2 
267,165.5 
4,040.0 
3,235.9 
1,238.2 
426.0 

2,696.4 

TABLE 1. -Suimary of mineral production, Arizona and southwestern Nev Mexico. 1953-62 

1954 1955 1956 1957 1958 
Quantity Value Quant4ty Value Quantity Value Quantity Value Quantity Value 

(thousands) (thousands) (thoueandr) (thousands) (thousands) 
Quantity 

1959 
Value 

(thourands) 

1960 
Quantity Vali 

(thourr 

11 Figurer vithheld to avoid disclosing individual company confidential data. - 
Source: Department of the Interior, Bureau of Mines, Minerals Yearbooks. 



Quantity 
1953 

Value 
(thousands) 
:j 720.2 
267,165.5 
4,040.0 
3,235.9 
1,238.2 
426.0 

2,696.4 

Quantity 
1954 

Value 
(thousands) 

TABLE 1. -Suumary of mineral production, Arizona and southwestern Nev Mexico, 1953-62 

1955 1956 1957 1958 
Quanti;ty Value Quantity Value Quantity Value Quantity Value 

(thounands) (thousands) (thousands) (thourandr) 

1959 
Quantity Value 

(thourandr) 
Quantity 

1960 
Value 

(thourandr) 

1961 
Quantity Value 

(thourandr 

(1) (1) 

Quantity 

(1) 
726,910 144.832 

8,097 
203.0 
756. C 

16.178.8 

5,750.7 
4.405.5 
54,901 

1962 
VA 1 ue 

(thourandr) 

company confidential data. 

!a, Minerals Yearbooks. 



TABLE 2 - Mineral vroduction in Arizona. 1953-62 

Coamodity Quantity 

1953 - 
Value 

Beryllium concentrate.........rhort ton. gross weight.. .......................... Brucite.......... sort tons.. 
Clays ............................ .thourand rhort tons.. 
Coal (bituminous) . . . . . . . . . . . . . . . . .  thousand short tons.. 

. . . . . . . . . . . . . . . . . . .  Columbium-Tantalum conc . . . . ?  ounds.. 
Copper (recoverable content of ores)...... short tons.. 
Pluorrpar. ................................ short tons.. 
Gem r t o a e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gold (recoverable content of ores) ........ troy ounces.. 
Gypsum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  short tons.. 
Iron Ore (usable) .............. long tons gross weight.. 
Lead (recoverable content of ores) ......... short tons.. 
Lime . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  thousand short tons.. 
Manganese ore and concentrate (35 percent or more Mn) 

short tons gross weight.. 
Manganiferous ore and concentrate (5 to 35 percent Mn) 

short tons gross wei*.. 
Mercury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76-pound flaBka.. 
Mica (scrap) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  short tons.. 
Molybdenum (content of concentrate) ... thousand pounds.. 
Natural gas . . . . . . . . . . . . . . . . . . . . . . .  million cubic feet.. 
Perlite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  short tons.. 
Petroleum (crude) ............ .thousand 42-gallon bbls.. 
Pumice.... . . . . . . . . . . . . . . . . . . . . . . .  thousand short tons.. 
Rare earths (concentrates) ..................... p ounds.. 
Sand and gravel . . . . . . . . . . . . . . . . . . .  thousand short tons.. 
Silver (recoverable content of ores) 

thousand troy ounces.. 
Stoue ............................. thousand short tons.. 41 442.4 
Tungsten (60% W03 basis) ................... short tons.. 134 
Uranium Ore.. .............................. short tons.. - - 
Zinc (recoverable content of ore) .......... short tons.. 27,530 
Value of items not disclosed: hbestor,barite, -- 

bentonite, cement, diatomite, feldrpar, helium, 
nitrogen compounds, pyrites, silica, vanadium, 
vermiculite and values indicated by footnote 1. 

Quantity 

---  --- 
253.7 
10.9 - - 

377,927 - - 
(3) 

114,809 - - 
- - 

8,385 
88.9 

-- 
- - 

163 
1,682 
1,538 - - 
1,296 - - 

80.8 -- 
3,764.1 

4,298.8 
1,205.5 
132 - - - 

21,461 -- 

Value 
(thousands) 

Quantity 

- - - - 
254.4 

8.9 - - 
454.105 -- 

(3) 
127,616 - - 

- - 
9,817 

112.0 

1,444 

-- 
47 7 

1,353 
1,497 - - 

10,568 - - 
92.1 - - 

7,755.3 

4,634.2 
1,600.9 

181 - - 
22,684 - - 

Value 
(thousands) 

Quantity 

6 -- 
2i111.7 - 

10.1 - - 
505,908 -- 

(3) 
l46,ll 
95,66 - - 
11,999. 

126.9 

42,008 

- - 
- - 
- - 

2,392 
2 1 

15,928 - - 
114.6 - - 

7,932.5 

5,179.2 
1,623.0 

186 
274,505 
25,580 - - 

Value 
(thousands) 

1957 - 
Quantity Value Quantity 

(thousands) 

1958 - 
Value 

(thousands) 
Quantity 

- - 
-- 

2 /  120 - 
7 -- 

430,297 -- 
(3) 

124,627 - - - - 
9,999 
123 

68,183 

10,693 - - 
3,069 
3,181 -- 

-- 
25 

487 -- 
13,458 

3,898 
2,468 - - 

253,390 
37,325 - - 

1959 - 
Value 

(thousands) 
Quantity 

- - - - 
21  173 - 

6 - - 
538,605 -- 

(3) 
143,064 - - - - 
8,495 

146 

1,626 

8,677 - - - - 
4,359 - - - - 

73 
7 03 -- 

14,490 

4,775 
4,249 - - 

283,684 35,811 

- - 

(thousant 

11 Included in value of items not disclored. - 
2 Excludes bentonite. 
3' 1 Weight not recorded. 
41/ Excluder limestone for cement and lime. 
51 Not available. - 



TABLE 2 - Mineral production in Arizona. 1953-62 

Quantity 

eight.. - - 
tolls.. 100 
tons. . 197.4 
tons.. 5.1 

)ouncis.. - - 
. tong.. 393,524 
tar.. 1,951 ....... (3) 

~unces . . 112,824 
tons.. 13,484 

reight.. - - 
tons.. 9,428 
tons. . 96.4 

,e Mu) 
reight . . -- 
nt Mu) 
reigb, . - - 
l a a s .  . -- 
tons. . - - 

ounds.. 1,446.6 
feet.. - - 
tons. . - - 
bbls. . -- 
tons. . 123.8 

ounds . . - - 
tons.. 3,446.8 

unces.. 4,351.4 
tons.. f?l 442.4 
tons. . 134 
tons.. - - 
tons.. 27,530 -- 

Value 
(thousands) 

(1) 
$ 1.3 

715.2 
32.1 - - 

225,883.4 
113.3 

(1) 
3,948.8 

43.8 - - 
2,470.1 
1,238.2 

(1) 

- - 
-- 

(1) 
1,425.6 - - 
(1) - - 

426.0 - - 
2,680.5 

3,938.3 
41 618.7 - 

468.9 - - 
6,331.9 
6,165.5 

Quantity 

--- - - - 
253.7 
10.9 - - 

377,927 - - 
(3) 

114,809 - - 
- - 

8,385 
88.9 

- - 
- - 

163 
1,682 
1,538 - - 
1,296 - - 

80.8 - - 
3,764.1 

4,298.8 
1,205.5 
132 - - - 

21,461 - - 

Value Quantity 
(thousands) 

Value 
(thousands) 

Quantity 

6 -- 
2i111.7 - 

10.1 - - 
505,908 -- 
(3) 

l46,ll 
95.66 - - 
11,999. 

126.9 

42,008 

- - 
- - 
-- 

2,392 
2 1 

15,928 - - 
114.6 - - 

7,932.5 

5,179.2 
1,623.0 
186 

274,505 
25,580 - - 

Value 
(thousands) 

$ 2.6 - - 
2/ 167.6 - 

66.0 
(1) 

430,021.8 
(1) 
104 

5,113.9 
366.1 - - 

3,767.7 
1,755.8 

3,468.3 

- - 
(1) - - 

2,670.5 
3.0 

108.4 - - 
366.1 - - 

6,166.8 

4,687.4 
2,474.5 
636.7 

5,408 
7,008.9 
17,900.6 

Quantity Value Quantity 
(thousands) 

$ 2  - - 
177 
62 
7 

310,544 --- 
7 5 

5,336 
(1) - - 
3,558 
2,127 

6.626 

- - 
7 
17 

3,071 -- 
114 - - 
640 - - 

9,222 

4,778 
2,982 

9 
6,277 
7,866 
10,441 

Value 
(thousands) 

$ 10 - - 
1/9 
54 - - 

255,551 - - 
86 

5,004 
(1) - - 
2,787 
1,817 

5,220 

32 
12 
25 

2,827 - - 
(1) 
(1) 
1,025 

0.5 
9,526 

4,240 
2,731 - - 
7,049 
5,821 
11,734 

Quantity 

- - 
-- 

2/ 120 
7 -- 

430,297 - - 
(3) 

124,627 - - - - 
9,999 
123 

68,183 

10,693 -- 
3,069 
3,181 - - - - 

25 
487 - - 

13,458 

3,898 
2,468 - - 

253,390 
37,325 - - 

1959 - 
Value 

(thousands) 

- - - - 
2/$ 179 - 

63 - - 
264,202 - - 

88 
4,362 - - 

- - 
2,300 
1,666 

5,727 

234 
(1) 

55 
4,019 - - - - 
(1) 
1,153 - - 
11,966 

3,528 
3,998 - - 
6,309 
8,585 
9,811 

Quantity 

- - - - 
21 173 - 

6 - - 
538,605 - - 
(3) 

143,064 - - - - 
8,495 
148 

1,626 

8,677 - - 
- - 

4,359 - - - - 
7 3 
7 03 -- 

14,490 

4,775 
4,249 - - 

283,684 
35,811 - 

1960 - 
Value 

(thourandr) 

(1) - - 
21 $ 260 - 

58 - - 
345.784 -- 

120 
5,007 - -- 
1,988 
2,430 

40 

190 
(1) 
(1) 
5.211 - - - - 
(1) 
1,164 - - 
14,235 

4,322 
5,107 - - 
6,219 
9,239 
15.851 

Quantity 

8 - - 
21 165 - - - 

-- 
587,053 - - 
(3) 

145,959 - - 
246 

5,937 
167 

- - 
- - 
148 -- 

4,878 - - - - 
67 
745 - - 

21,953 

5,120 
3,582 - - 

228,225 
29,585 - - 

1962 - 
Value 

(thourandr) 

$0.3 - - 
184.1 - - - - 

396.853.1 - - 
119.5 

4,802.0 
(1) 
(1) 

1,282.0 
2.914.0 

(1) 

- - 
(1) 
(1) 

5.864 0 - - 
(1) 
(1) 

1,640.0 - - 
17.404 0 

5.917.0 
6,616.0 

14.0 
3.047.0 
7,564.0 
(5) 



TABLE 3 --Mineral production in routhwertern New Mexico. 1953-62 

Barite. ..................... short tons.. 
Clays . . . . . . . . . . . . .  ,thounand short tons.. 
Coal (bituminous)..thousand ehort tons.. 
Copper (recoverable content of ores) 

short tons.. 
Pluorrpar ................... hart tons.. 
Gem stoner.... .......................... 
Gold (recoverable content of orer) 

troy ounces.. 
Iron Ore (usable) . . 

thousand long ronr, gross weight.. 
Lead (recoverable content of orer) 

rhort tons.. 
Lime .............. thousand short tons.. 
Hanganere (35% +)..thourand short tons.. 
Manganiferour ore (5%-35%) 

thousand short tons.. 
Molybdenrm .................. 1,000 lbs.. 
Perlite........... .......... short tom.. 
Pumice... .......... thousand rhort tons.. 
Salt...............thour.nd rhort tonr.. 
Sand and gravel .... thousand short tonr.. 
Silver (recoverable content of ores) 

thousand troy ounces.. 
Stone............ . thousand short tone.. 
Tungsten .................. short tons.. 
Uranim Ore.......... ...... rhort tons.. 
Zinc (recoverable content of orer) 

short tons.. 

1953 - - 1954 - 1955 - 1956 - 1957 - 1958 - 1959 - 1960 - 1961 
Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quati ty Value Quantity Va; 

(thousands) (tbwlsands) (thousa.,ds) (thousands) (thousands) (thousands) (tho[ (thousands) (thousands) 

1/ Catron, Socorro, Grant, Sierra, Luna, and Hidalgo Counties. - 
2/ Figurer withheld to avoid disclosing individual company confidential data. - 
3/ Weight not recorded. - 



TABLE 3 --Mineral production in southwartern New Mexico. Ll 1953-62 

1953 - - 1954 - 1955 - 1956 - 1957 - 1958 1959 - 1960 - - 1961 - 1962 Ten Year S\rurrr  mtity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Qrunti ty Value 
(thourandr) (thousands) (tbnusands ) (thousa~~ds) (thousands) (thousands) (thousandsJ (thousands) (thousands) (thousands) (thousands) 

~d Hidalgo Countier. 
lividual company confidential data. 



TABLE k. --Value, water consumption, and employment of the mineral industry of 

Year 

- 
1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

Metals and Non-Metals 

Value 
(thousands) 

$ 72,144 

75,888 

106,899 

119,124 

160,291 

lJ-b,383 

123,382 

126,596 

143,672 

127,988 

Productior 

later  Cons. 
(acre-ft ) 

5,700 

6,200 

8,200 

10,400 

7 , 700 

7,400 

7,300 

7,600 

8,900 

8,200 

!/ 
Number 

hployees 

4,100 4/ 

4,400 

4/ 4,700 - 
4/ 5,000 - 

5,447 

5,219 

5,242 

4,959 

5,356 

4/ 5,100 - 

southern California and Clark Co., Nevada, 1953-62 

Construction 1.Iaterials 1/ 

Value 
(thousands ) 
- - -- 
$ 82,867 

107,412 

122,986 

l55,lh8 

101,703 

l47,454 

162,434 

157,522 

45,816 

177,424 

a t e r  C.ons. 
(acre-ft)  

-- - 

bJumber 
hployees 

3,700 y 
4,200 

4,432 

5,492 

5,352 

4,970 

5,210 

5,281 

5,267 

5,500 

Value 
(thousands ) 

Fuels 
.- - - --- - - - 

rlater Cons. 
(acre-f t ) 

34,000 

36,000 

37,000 

39,000 

41,000 

42,000 

44,000 

46,000 

47,000 

48,000 

- - 
G b e r  

hployees 
(es t .  1 - -- 
18,200 

18,600 

18,600 

17,900 

18,000 

16,300 

l 7 , O O O  

18,000 

18,000 

18,000 

-- 
Value 

(thousands ) 

$ 878,304 

1,135,809 

1,175,641 

1,220,548 

1,312,689 

1,194,538 

1,119,407 

1,074,607 

1,068,170 

Total  

a t e r  C ons . 
(acre -f t ) 
--. 

60,000 

70,000 

72,000 

84,000 

79,000 

82,000 

86,000 

88,000 

93,000 

97,000 

--- 
Number 
~ P ~ o P *  

---- 
26,000 

27,000 

28,000 

28,000 

29,000 

26,000 

27,000 

28,000 

29,000 

29,000 

1/ Includes bar i te ,  boron minerals, bromine, calcium chloride, chromite, clay, copper, diatomite, feldspar, fluorspar, gm stones, gold, gypsum, 
iodine, i ron  ore, lead, lime, lithium minerals, magnesium compounds, manganese ore, mercury, mica, pe r l i t e ,  potassium s a l t s ,  pumice, pumicite, 
volcanic cinders, ra re  ea r th  metals, s a l t ,  sodium carbonate, sodium sul fa te ,  sulfur,  s i lver ,  strontium ore, t a l c ,  soapstone, pyrophyllite, 
tungsten, uranium ore, wollastonite, and zinc which have been grouped because the individual values of many of the commodities would disclose 
confidential  company data. 

2f Includes stone, cement, and sand and gravel. 

2/ . Includes petroleum, na tura l  gas, na tura l  gas l iquids,  peat, and carbon dioxide. 

b/ Extrapolated. - 



TABLE To - -Elec t r ica l  requirements of t he  Lower Colorado River  Basin 
( i n  b i l l i o n  kwh) 

Year 
Southern Ca l i fo rn ia  

Cen t ra l  Nevada 

Arizona 
Southern Nevada 

Western New Mexico T o t a l  

Source of data:  Reference Noo 12 



TABLE 6,, --Electrical generation i n  California, by energy source 
( in b i l l i o n  kwh) 

Year 

1950 

1955 

1960 

1965 

1970 

1975 

1980 

1985 

1390 

1995 

2 000 

Total 

Natural 
gas 

THERMAL 

O i l  C oal  Nuclear Hydro 

Source of data: Reference Noo -7 



TABU 7. --Water consumption (in acre-feet) of the southern California and 
~ l i k  County , Nevada, Mineral Industry 

Year 

- 

Nonferrous 
metals 

400 

800 

1,000 

2,000 

500 

200 

300 

LOO 

600 

200 

- -  - 

Ferrous 
metals Nonmetals I Fueb  



UMITED STATES DEPARTMENT OF THE I N T E R I O R  

LOWER COLORADO R I V E R  LAND USE QFFICE 

APPENDIX 

TO 

P A C I F I C  SUUThWEST WATER PLAN 



THE IHFLUEBCE OF" THE LOWER COLORADO RIVER 
LAHD USE PLAH ON THE USE OF WATER 'US TEE STATES OF 

ARIZONA AND CALIFOmIA 

3nder the  Lower Colorado River Land Use Plan csveriwg the  area  between 

Davis Dam t o  the  I n t e r n a t i o n a l  Boundary, the l a r g e s t  p a r t i o n  of t h e  

proposed use s f  Federally-omed ReeBamtisn withdrawn $and w i l l  be fo r  

gab l i c  see rea t ion  f a c i l i t i e s  in teg ra ted  with t h e  Bureau s f  Reclamat-ion 

use sf t he  land f o r  rechamation functiens such as  water s torage ,  cow- 

servat ion  and de l ive ry ,  channel control.  and f lood p ro tec t ion ,  Consumptive 

use of water %D support of these rzeseasfm f a e i B i t i e s  w i l l  be p r i n c i p a l l y  

f a r  d m e ~ t i e  purposes, Ground water where a v a i l a b l e  %n s u f f i c i e n t  quawcity 

and of potable q u a l i t y  i s  a b e t t e r  s [ D a r c s  of t h i s  domestic water a s  it 

genera l ly  has a lower b a c t e r i a  count ,  requi res  less processing and requi res  

l e s s  investment i n  a dfs t r ibas t i sn  system than water  from a surface  source. 

Under c e r t a i n  circumstances ground water sources  tend t o  be s e l f  replac ing,  

Sewage when processed and p u r i f i e d  through underground f a c i l i t i e s  such 

as  s e p t i c  tanks re tu rns  t~ the  ground water a q u i f e r ,  Development under 

the  Lower Colorado River Land 2se  Plan  a n t i c i p a t e s  heavy use of s e p t i c  

tank f a c i l i t i e s  fo r  dfspasa l  of sewage, 

Port ions s f  the  area proposed f o r  deve%agmewt under the  PBa2 w i l l  have 

BandscapSng which requi res  i r r igaeaon  water ,  Moss, of these  areas a r e  

a t  present  covered w i t h  heavy szanda c f  phreatsphytes,  which prelinanasry 

s t W y  by Region 3 s f  the Bureau s f  Reelamation and s t h e r  s tud ies  i n  %he 

Rita GranBValBey, show h a  ~ s e ,  an mount af water  equal t o  or g rea te r  



than  the  mount needed t o  maintain grass  and o the r  g la r&mate r i a l s ,  

Some landscaping near r e c r e a t i o n a l  f a c i l i t i e s  w i l l  be on hands 

cu r ren t ly  used f o r  a g r i c u l t u r e ,  It i s  an t i c ipa ted  t h a t  the  water  

requirement per  u n i t  af  a r e a  for landscaping w i l l  be l e s s  than t h e  

mount: used f o r  C ~ P O ~ S  

A l a rge  por t ion  of the  Federally-owned land included i n  the  Lower 

Colorado River Land Use Plan  and c u r r e n t l y  used f o r  a g r i c u l t u r e  is  

proposed for  l ease  t o  S t a t e  Wi ld l i f e  management agencies f o r  develop- 

ment a s  w i l d l i f e  management a r e a s ,  These agencies p lan  to continue, 

sn a share  cropping bas i s ,  farming cRe areas  c u r r e n t l y  i n  a g r i c u l t u r a l  

production, Optimum jwctaposCtisn of cover, feeding and nes t ing  areas 

i s  a bas ic  p r i n c i p l e  of game management and it i s  an t i c ipa ted  t h a t  the 

to tah  a rea  f amed  by these  agencies and using water  w i l l  remain 

approximately equal t o  the  present  a rea ,  Pence rows and brash areas  

w i l l  remain wi th  poss ib le  replacement by spectea s f  p l a n t s  which provide 

comparable cover but  do not  use a s  much water as  t h e  ex i s t ing  phrcatsphyfes. 

Use of water by the Bureau ~f Sport: P$sk.erfes and Wildlife on Nat%ona% 

Wi ld l i f e  refuges has not been included in t h i s  r e p o r t  as t h a t  agency is 

submittfag its own r epor t  f o r  t h i s  eomprehewsive s tudy ,  

Develspnent of nar inas ,  ewimiwg and ather water o r i en ted  f a c i l i t f . e s  

r equ i res  cons t ruct ion  of q u i e t  water lagoons. Surface evapelrat%on 

from these  lagoons w i l l  use some water ,  



The e n t i r e  Southern Ca l i fo rn ia  and Arizona region i s  a water sca rce  

a rea ,  S tudies  of the  r e c r e a t i o n a l  use on the  Lower Cslorado River 

show t h a t  the  major por t ion  s f  the people who v i s i t  t he  River a r e  from 

the  c i t i e s  adjacent  t o  the River and the  Southern C a 8 i f s m i a  and 

Phoenix-Tucson metropoli tan a reas .  These a reas  a r e ,  when the  Cen t ra l  

Arizona Pro jec t  i s  completed, heavy users of Colorado River water fo r  

domestic purposes, M t  appears t h a t  demand f o r  Colorado River water  

fo r  domestic purposes w i l l  be p resen t  r ega rd less  of whether it is 

present  i n  the  &mediate River a r e a  o r  i f  i t  is  p resen t  in owe of the 

urban a reas  t o  which the  water w i l l  be trmspor?ced, F ~ r t h a r ,  if t h e m  

a r e  no organized f a c i l i t i e s  a v a i l a b l e  ts aceommodate t h i s  r e c r e a t i o n a l  

use the  a rea  i s  l i k e l y  t o  be used i n  an ~wconrrsl l .ed manner tending t~ 

c r e a t e  a River po l lu t ion  problem, 

Persons using the  Lower Colorado Rfver a reas  o the r  than the  Southern 

Ca l i fo rn ia  and Phoenix-Tucson metropolitan a reas ,  a r e  d r a m  t o  the  

region by i t s  unique c l ima t i c  c h a r a c t e r i s t i c s  and demand f a c i l i t i e s  of 

a l l  types. These people w i l l  come t o  the  region as  long as the re  a r e  

f a c i l i t i e s  i n  any por t ion  of t h e  region t o  aceomodate them. I% the 

f a c i l i t i e s  a r e  not  ava i l ab le  in the immediate v i c i n i t y  s f  the Lower 

Colorado River, they w i l l  go t o  o the r  poartisns of the  region where 

f a c i l i t i e s  a r e  ava i l ab le  and i n  many cases s t i l l  use Colorado Rfver 

water a f t e r  it has been t ranspor ted  a considerabbe d i s t ance ,  

Recreat ional  use of t h e  Bands included in t h e  Lower Colorado Rfver Lw~d 

Use Plan a t  the present  time i s  eseimated tc be 3 . 8  million vf , s i to r  days. 



Ultimate poss ib le  use, under the  develqmenks proposed in the  P lan ,  i s  

34 mil l ion  v i s i t o r  days. The prepcndaranee of f a c i l i t i e s  prsposed fo r  

development under t h e  Lower Gohorad~ Rfver Land Use Plan a r e  i n  support  

s f  s h o r t  term use by v i s i t o r s ,  This type of use does not  encourage the  

heavy per  c a p i t a  water consumption which i s  present  i n  permanent r e s f -  

d e n t i a l  a reas ,  

An estimated average use per  v i s i t o r  day i s  50 g a l l o n s ,  A s  t he  u l t imate  

r ec rea t ion  use is  reached, a reas  s f  Federally-owned land now i n  

ag r i cu l tu re  w i l l  be used t o  provide space f o r  t h i s  r e c r e a t i o n ,  This 

sh%ftfwg of land use w i l l  r e s u l t  irb l eas  water c s ~ s u m p t i o ~ ,  

Permanent r e s i d e n t i a l  use on lands leased under the  Lower Colorado Rfver 

Land Use Plan w i l l  be l imi ted ,  Townsites not  on reclamation withdrawn 

land w i l l  provide hones f o r  the  major i ty  of the  people providing services  

fo r  t h e  v i s i t o r s  t o  the  a rea  and w i l l  a l s o  provide homes f o r  those  

people who wish t o  l i v e  i n  an a r e a  where the  r e c r e a t i o n  f a c i l i t i e s  on 

t he  River w i l l  be ava i l ab le  without extewa%ve t r a v e l  from t h e i r  homes, 

Except f o r  one proposed towzsfte near Cross Roads, Ca l i fo rn ia ,  t h e  

proposed r e s i d e n t i a l  a reas  w i l l  be considerable d i s t ance  from t h e  Rfver 

and w i l l  have $8 r e l y  on ground water for d ~ m e s t i e  water  supply i n  t h e i r  

e a r l y  s tages  of development, When the populat ion of these  r e s i d e n t i a l  

a reas  reach t h e f r  u l t imate  s i z e ,  i t  map be necessary f o r  these  proposed 

munic ipal i t ies  t o  i n s t a l l  water  s y s t e m  to supplement t h i s  ground water 

source 0 
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Bonnevillc Power Aclndnistration i s  the  power marketing agency f o r  

32 mnl.tipurposc federal  dams ouist ing,  under construction, o r  authorized 

i n  t he  Co1~mbj.a River Basin. 'Illis i s  the  l a r g e s t  hydroelectric system 

i n  the  United S t a t e s  and one of t h e  l a rge s t  i n  t h e  world. Completion of 

hydroelect r ic  projects  presently alithorized w U  r a i s e  t he  t o t d  nme- 

p l a t e  r a t i qq  of t he  systeni t o  over 10 ntillion Itilowatts. 

As mcwlceting agent for8 the  fcricral. dam, Bonneville Power Adminis- 

t r a t i o n  i s  rcquircd t o  construct, operate, and nlaintain a transmission 

system t o  carry the power from t h e  generating p lan t s  t o  t he  load centers  

and t o  interconnect  t h e  federa l  power plants so  t h a t  they can be 

hydraul ical ly  a.nd e l e c t r i c a l l y  coordinated. The transmission gr id  which 

astends from Canada on t he  north t o  Southern Oregon on t he  south, and 

from the  Pacif ic  Coast t o  Western fLfontana, at present consis ts  of near ly  

9,000 miles of h igh  voltage transmission l i n e  and w e r  200 substat ions,  

Hydroelectric p n e r a t i o n  provides over 96 percent of thc  Pacif ic  

Northmstfs  e l e c t r i c  energy requirements. Since there  a re  i n su f f i c i en t  

storage reservoirs t o  completely control  t he  l a r g e  seasonal md annud  

var ia t ions  i n  streamflow, polar s ~ q l u s  t o  t he  regionst  needs i s  

frequently available,  

The following t ah l e s  show Pac i f ic  North~rest peak energy power 

surpluses f o r  t he  y e w s  196748, 1969-70, 1974-75, 1979-80, and 1984-85. 

It should be notcd t h a t  t he  cst.iniated. surplnses a r e  a f t e r  deducting 

Canadi,m pcdc and energy cnti t lcment.  It now appears possiblc t ha t  a 

la rge  par t  of t hc  Can,adia,n enti t lcmcnt may beco~m avG1d.de f o r  s a l e  

i n  the  Unitcd S t a t e s  outs j  de tlic 1 ' i ~ i . f  i c  Nor t'tn.icst. 



EXPLANATORY NOTES TO APPIiNDIX TARLEI 1 THROUGH O - - 

The loads used i n  these analyses a r e  based on the  Paci f ic  Northwest Area require-  

ments included i n  the Federal Power Commission's National Power Survey, The a rea  

includes a l l  of  the s t a t e s  of Oregon, Washington, and Idaho (except f o r  t h e  

se rv ice  area of Utah Power and Light Company), Montana west of the  Continental  

Divide, and t h e  service a rea  of Pac i f i c  Power and Light Company (Copco Division) 

i n  northern California.  

Main stem hydro resources f o r  the  1967-68 and 1969-70 l eve l s  of development a r e  

based on the %PA, Branch o f  Power Resources' adjusted 20-year regula t ion study 

20-1 which includes High Arrow Lake and Duncan Lake s torage i n  Canada. Hydro 

resources f o r  the  1974-75, 1979-80, and 1984-85 l e v e l s  of development a re  based 

on the  Corps of Engineers1 study C-1, which includes the  f u l l  Canadian s torage 

and U.S. Columbia River Power projects .  I n s t a l l a t i o n s  i n  the C-1  study have 

been adjusted f o r  the th ree  load l eve l s .  

The New Production Reactor was used a s  a dual purpose thermal source with 

660,000 and 776,000 ki lowat ts  f o r  energy and peak, respeotively,  a t  1967-68 

and 1969-70 l e v e l s  of development. 

Other resources of the  a rea  a re  included from summary data  shown i n  the 

January 1961 repor t  of the  Power Planning Subconunittee, CBIAC, Power Resources 

of Hydroelectric Projects  with Hydraulic Operations Independent of the Columbia 

River System, adjusted f o r  minor changes i n  resource schedules. 



ESTIMATED ENERGY SURPLUS - PACIFIC NORTHWEST AREA 

Appendix Tables  - 1 through - 6 

Average su rp luses  r e p r e s e n t  t he  remainder of t h e  t o t a l  energy resources  

a f t e r  deduct ing f i r m  energy requirements ,  Canadian energy e n t i t l e m e n t ,  and t h e  

replacement of t h e  average energy i n  k i lowa t t s  of e x i s t i n g  thermal  resources ,  

replacement of 50 percent  of thermal  resources  f o r  1972-73 and t h e r e a f t e r ,  and 

serv ing  i n t e r r u p t i b l e  load ,  a l l  a s  i nd ica t ed  i n  t h e  fo l lowing  t a b l e .  

Level of  
Development 

1967-68 

1969-70 

197L-75 

1979-80 

198k-85 

Canadian Ex i s t i ng  
Ent i t lement  Thermal 

Average mw Average mw 

New T o t a l  
Thermal Resources 

Average mw 

I n t e r r u p t i b l e  
Load 

Average mw 

Includes 122 mw thermal energy r e se rves .  

Includes 414 mw thermal energy r e se rves .  

2/ Includes 813 mw thermal energy r e se rves .  



TABLE 1 

Year - 
1928-29 
1929-30 
1930-31 
1931-32 
1932-33 

1933-34 
19%-35 
1935-36 
1936-37 
1937-38 

1938-39 
1939-40 
1940-hl 
1941-h2 
194243 

J9434h 
194445 
1945-46 
1946-47 
1947-48 

1948-49 
1949-50 
1950-51 
1951-52 
1952-53 

1953-54 
1954-55 
1955-56 
1956-57 
1957-58 

July 

h356 
3091 
2300 
692 
h538 

5052 
2932 
8101 
2961 
3275 

4319 
3725 
2301 
99 

h252 

5624 
99 

3803 
4757 
4175 

k635 
3262 
5071 
4400 
4617 

5125 
b670 
4831 
4940 
42131 

Sending h d  Capacity 

450 mw 427 
600 mw 567 
900 mw 840 
1000 mu 930 
1050 mu 975 
1200 mw 1110 
1350 mw 1245 
1500 mw 1380 
1800 mu 1650 
2250 mu 2055 

Estimated Xnergy Surplus - Pacific Northwest Area 
1967-68 

(Thousands of Average Kilowatts a t  Point of Generation) 

Average Monthly Surplus as Limited by Alternative Service Plws 

June - 
2100 
1724 
692 
5084 
4903 

3439 
Uho 
h985 
2057 
h783 

3 h6h 
2521 
99 

4120 
5289 

99 
13106 
4923 
4391 
4369 

5123 
5451 
4976 
4497 
5333 

4751 
h750 
5344 
4606 
h990 

Ave. - 
392 
508 
735 
807 
844 
94 7 
1048 
1145 
1323 
1566 



TADLE 2 
Estimated Energy Surplus - Pacific Northwest Area 

1969-70 
(Thousanda of Average Kilowatts a t  Point of Generation) 
Sept.ANov.&JB".Feb,Mar, Year - 

1920-29 
1929-30 
1930-31 
1931-32 
1932-33 

1933-3h 
l93h-35 
1935-36 
1936-37 
1937-38 

1938-39 
1939-h0 
194O-hl 
l9hLh2 
19h2-h3 

1943-44 
1944-45 
1945-b6 
1946-47 
19h7-48 

1948-h9 
1949-50 
1950-51 
1951-52 
1952-53 

1953-54 
19511-55 
1955-56 
1956-57 
1957-58 

July 

h193 
2839 
19h8 

261 
hh2h 

h857 
2537 
3812 
26h5 
2930 

4271 
3457 
19h6 

0 
4170 

5888 
0 

3682 
h599 
LO34 

h642 

pr. June - 

Average Monthly Surplus as Limited by Alternative Service Plans Ave . - 



Year - July 

Sending End Capacity 

TAHLls 3 
Estimated Energy Surplus - Pacif ic  Northwest Area 

1972-73 
(Thousands of Average Kilowatts a t  Point o f  Generation) 

Average Monthly Surplus as  Limited by Al ternat ive  Service Plans 

Juna 

0 0 
0 0 
0 0 

4102 3347 
4230 6751 

4751 4416 
3653 4753 
3916 4685 

0 0 
5772 6773 

35h 3h9 
0 0 
0 0 

2229 2225 
5885 6767 

0 0 
1558 1555 
6363 7166 
4425 6346 
6382 6533 

6264 5489 
3735 7282 
6984 7014 
6180 5756 
4968 6653 

5155 6811 
33h6 S81h 
6985 7480 
5808 6838 
5646 6195 

Ave . - 
342 342 227 
452 452 298 
672 672 433 
745 ' 745 477 
782 782 499 
892 892 561r 

1032 1002 627 
1112 1112 688 
132h 1323 805 
1638 1638 966 



July 

5749 
0 
0 
0 

1675 

6135 
493 

Lo22 
0 
0 

h686 
0 
0 
0 

2933 

8368 
0 
0 

h949 
3248 

6291 
0 

8497 
623h 
3980 

5876 
7285 
6112 
6626 
2082 

Sending h d  Capacity 

h50 mw 285 
600 mu 376 
900 mw 556 

1000 mw 616 
105'0 mw 646 
U I o  mw 736 
1350 mw 826 
1500 mw 916 
1800 mw 1092 
2250 mu 1347 

TAlU 4 
Estimated Energy Surplus - Pac i f i c  Northwest Area 

1974-75 
(Thousands o f  Average Kilowatts a t  Point of Generation) 

Average Monthly Surplus as Limited by Al ternat ive  Service Plans 

June - 
0 
0 
0 

4420 
7 354 

3831 
4927 
453h 

0 
6593 

1860 
0 
0 

5707 
7903 

0 
h6h 

6996 
h953 
7773 

5577 
9298 
82h2 
71k3 
6783 

8036 
5817 
9308 
7678 
7394 

Ave . - 
345 215 
5 284 
675 419 
7h9 463 
785 485 
895 549 

loo5 613 
1115 676 
1335 799 
1652 975 



TARLis S 
Estimated Energy Surplus - Pacific Northwest Area 

1979-80 
(Thousands of Average Kilowatts a t  Point of Generation) 

Year - July 

1928-29 5173 
1929-30 0 
1930-31 0 
1931-32 0 
1932-33 0 

1933-34 5618 
1934-35 0 
1935-36 2436 
1936-37 O 
1937-38 0 

1938-39 2659 
193943 0 
1940-h1 0 
1941-42 0 
1942-43 678 

19b3-U 6900 
1944-45 O 
l9h5-46 O 
l9L6-47 3191 
1947-48 l lh7  

1948-49 5725 
1949-50 0 
1950-51 8311 
1951-52 5690 
1952-53 1797 

1953-54 3791 
1954-55 7074 
1955-56 5080 
1956-57 5927 
1957-58 677 

Sending h d  Capacity 

h50 mu 255 
600 mw 340 
900 mu 495 

1000 mu 545 
1050 mw 
1200 mw 2;; 
1350 mu 713 
1500 mw 783 
1800 mw 923 
2250 mw 1118 

June - 

Average Monthly Surplus as  Limited by Alternative Service Plans 



Year - 
1928-29 
1929-30 
1930-31 
1931-32 
1932-33 

1933-34 
1934-35 
1935-36 
1936-37 
1937-38 

1938-39 
1939-40 
1940-41 
19h1-42 
1742-43 

19h3-hh 
1944-h5 
1945-46 
1946-k7 
1947-48 

1948-49 
19h9-50 
1950-51 
1951-52 
1952-53 

1953-54 
1954-55 
1955-56 
1956-57 
1957-58 

July AuJ.- 

2552 0 
0 0 
0 0 
0 0 
0 0 

3081 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

b127 0 
0 0 
0 0 

122 0 
0 0 

3174 o 
0 0 

5832 0 
323h 0 

0 0 

716 0 
4610 0 
2305 0 
3329 0 

0 0 

Sending Ehd Capacitx 

'I'A\ILb; 6 
Estimated Energy Surplus - p a c i f i c  Northweat Area 

1984-85 
(Thousands of Average Kilowatts a t  Point  of Generation) 

Average Monthly Surplus a s  Limited by Al ternat ive  Service Plans 

June 

0 0 
0 0 
0 0 
0 0 
0 3840 

925 0 
0 0 

0 
659 0 0 

1255 1936 

0 0 
0 0 
0 0 
0 579 
0 3kh3 

0 0 
0 0 

942 21h9 
0 0 

2891 4546 

3706 452 
1228 6123 
3629 5095 
30k7 25lh 

0 2358 

3229 h906 
0 1299 

4944 6159 
2486 3947 
2739 3178 

Ave . - 
59 
78 

112 
122 
130 
1h3 
157 
170 
197 
235 



ESTIMATED PEAK SUlIPLUS - PACIFIC NORTHWEST AREA 

Appendix Tables 7 through 12. - - - -  - 

P a c i f i c  Northwest capac i ty  s u r p l u s  r e p r e s e n t s  t he  rem9inder of  t o t a l  c a p a c i t y  

of  t h e  a r e a  a f t e r  deducting t h e  es t imated  f i r m  a r e a  peak load  inc lud ing  

r e s e r v e s  f o r  maintenance and unscheduled outages,  a t  7 pe rcen t  and 10 percent  

of peak loads f o r  t h e  per iods  August through March and A p r i l  through July,  

r e s p e c t i v e l y ,  Canadian dependable c a p a c i t y  on t i t l emen t ,  displacement  of  

e x i s t i n g  thermal capac i ty ,  and i n t e r r u p t i b l e  l oads ,  a l l  a s  i n d i c a t e d  i n  t he  

fo l lowing  t a b l e .  

Canadian Dependable 
Level of Capacity Ent i t lement  Ex i s t i ng  Thermal I n t e r r u p t i b l e  Load 

Development mw mw mw 
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Year 
7 

1928-29 
1929-30 
1930-31 
1931-32 
1932-33 
1933-34 

195E56 
1956-57 
1957-58 

Minimum Monthly 
Peak Surplus 
Average Monthly 
Peak Surplus 

Jul . - 
7401 
7782 
7 562 
7h91 
7632 
7100 

7670 
7h27 
7791 
7h88 
7331 
7696 

7538 
8170 
7582 
726h 
8223 
7489 

7559 
7663 
7521 
7853 
6853 
7358 

7715 
7451 
6728 
70h6 
7h57 
778h 

6728 

7519 

TAHLIC t i  
Estimated Peak Surplua - Pacifio Northwest Area 

1969-70 
(houaands of Kilovatts a t  Point of Generation) 

Oct. - 
6839 
7110 
7065 
6934 
6366 
6310 

6169 
6755 
7059 
6028 
6377 
6385 

6233 
6345 
6366 
6h8h 
707h 
6265 

63 97 
6501 
6W3 
6380 
651h 
6507 

6832 
6396 
6424 
6h73 
6416 
6h31 

6028 

6528 

Jan. 

3887 
3959 
4060 
3902 
3706 
38h7 

3653 
3863 
3836 
3431 
3h95 
3259 

36hO 
3676 
3604 
3539 
3789 
3362 

3767 
3651 
3465 
3590 
3958 
3611 

3621 
3594 
3 567 
3919 
3534 
3583 

3259 

3678 

Feb. - 
h21h 
U8h 
h212 
Wb5 
Id60 
4587 

4281 
h236 
h387 
LO33 
3933 
boo7 

3989 
4112 
4283 
4197 
4587 
4085 

h a 3  
4531 
15.29 
h210 
h801 
L358 

4 9 9  
h212 
4247 
L683 
4065 
lllll 

3933 

h28h 

Jun. - 
6367 
6316 
6290 
6245 
5757 
6275 

6421 
6330 
6258 
5975 
6553 
6317 

6325 
6427 
6092 
6382 
6205 
6058 

6226 
h762 
6576 
5385 
5968 
6169 

mh 
5575 
6251, 
5521 
5829 
61 81 

4762 

6101 



J u l  . Year - - 
1928-29 5884 
1929-30 6127 
1930-31 6120 
1931-32 6026 
1932-33 6091 
1933-34 5836 

1952-53 6157 
1953-54 6081 
1991-55 5496 
1955-56 58h5 
1956-57 5966 
1957-58 6116 

Minimum Monthly 
Peak Surplus 5496 
Average Monthly 
Peak Surplus 6021 

TAB112 9 
Estimated Peak Surplus - Pacific 

1972-73 
(Thousands of Kilowatts a t  Point 

Oct. - 
4340 
4328 
4284 
4055 
h259 
4244 

Ill21 
4198 
4275 
4202 
4293 
4281 

4353 
4255 
4301 
lr377 
4314 
4327 

4329 
h392 
4329 
h330 
414 2 8 
L427 

4318 
h324 
4338 
4384 
4356 
h371 

4055 

4304 

Northwest Area 

of Genera t ion)  

Jan. 

873 
732 
734 
60 

970 
1012 

933 
796 

' 616 
944 
881 
8 56 

964 
1000 

970 
893 
578 
971 

10h3 
986 
886 
965' 

1138 
957 

982 
964 
923 

1121 
8gl 
963 

60 

887 

Feb. - 
1870 
1936 
1729 

5lh 
1992 
2132 

2002 
l 8 U  
159b 
1993 
1956 
2031 

1963 
2014 
2091 
1942 
1376 
2027 

2122 
2187 
2010 
2135 
2354 
2139 

2233 
2147 
2009 
2247 
2040 
2127 

514 

1958 

Mar. - 
2 506 
2471 
2147 
745 

2636 
2801 

2753 
2528 
1783 
2667 
2686 
2789 

2532 
2608 
2766 
2549 
1649 
2754 

2833 
2852 
2715 
2887 
31U 
2792 

2881 
2820 
2716 
2884 
2737 
2644 

745 

2576 



Year - 
1928-29 
1929-30 
1930-31 
1931-32 
1932-33 
1933-34 

1934-35 
1935-36 
1936-37 
1937-38 
1938-39 
1939-40 

1940-41 
1941-42 
1942-h3 
19h3-44 
19bh-45 
1945-46 

1946-47 
1947-48 
19h8-49 
19h9-50 
1950- 9 
1951-52 

1952-53 
1953-54 
1954-55 
1955-56 
1956-57 
1957-58 

Minimum Monthly 
Peak Surplus 6429 
Average Monthly 
Peak Surplua 6674 

,TAIILl5 10 
Estimated Peak Surplus - Pacific 

1974-75 
(Thousands of Kilowatts a t  Point 

Oct. - 
4955 
4942 
4900 
4658 
4874 
4860 

h735 
4als  
4889 
ha17 
lr907 
4896 

4965 
4866 
4916 
h995 
hR74 
4877 

4946 
5004 
4947 
4947 
5ohh 
5041 

4935 
4939 
4957 
5000 
4972 
4986 

h658 

h945 

Northwest Area 

of Generation) 

Jan. - 
1096 

931 
837 

0 
1033 
1115 

1127 
1007 

7 53 
1069 
1086 
1062 

1170 
1180 

936 
l l 0 h  

804 
958 

1094 
1011 
1097 
1025 
1187 
1010 

1026 
1022 

9811 
1165 

960 
1163 

0 

1000 

Feb. - 
2326 
2103 
1691 

59 
18;7 
2505 

2395 
2282 
1697 
2233 
2393 
2454 

2393 
2388 
1943 
2378 
18W 
1849 

1979 
1980 
2421 
2031 
1977 
1839 

2112 
2003 
1847 
2084 
1941 
2345 

59 

20115 

Mar. - 
3077 
2714 
2168 
53h 

2127 
3433 

3380 
3170 
2262 
3015 
3357 
3437 

3204 
3063 
2028 
3177 
2200 
2030 

2366 
2224 

'%' 25 3 
2369 
2108 

2 h 9  
2437 
2366 
2118 
2076 
288h 

5314 

2576 

Jun. - 
5175 
5198 
4986 
5299 
4881 
5171 

52 92 
5'302 
5201 
5298 
5323 
5312 

5173 
5287 
h919 
5328 
h902 
5099 

5170 
h399 
5383 
4655 
5124 
53h7 

5007 
L969 
h470 
4835 
5148 
5373 

43 99 

5101 



1952-53 
1953-54 
1991-55 
1955-56 
1956-57 
1957-58 

Minimum Monthly 
Peak Surplus 
Average Monthly 
Peak Surplus 

Jul . 
7 

8244 
8410 
8402 
8272 
839b 
8320 

8298 
8361 
8392 
8372 
8378 
8385 

8406 
8318 
8 ho8 
8388 
8 U 3  
8334 

8hlO 
8429 
8316 
8437 
8122 
8334 

8457 
8W7 
8076 
8097 
8360 
8403 

8076 

83h5 

Estimated Peak Surplus - Pacific Northwest Area 
1979-1980 

(Thousands of Kilowatts a t  Point of Generation) 

Oct. - 
5767 
5754 
5712 
5h70 
5686 
5672 

5547 
5625 
5701 
5629 
5719 
5708 

5777 
567 8 
5728 
5807 
5686 
5689 

5758 
5816 
5759 
5759 
5856 
5853 

5747 
5751 
5769 
5812 
5784 
5798 

5470 

5727 

Jan. - 
526 
340 
237 

0 
42 9 
535 

557 
437 
19 
499 
516 
b92 

600 
610 
338 
534 
217 
360 

496 
412 
52 7 
427 
58 9 
412 

428 
424 
386 
567 
362 
593 

0 

433 

Feb. - 
2275 
1987 
1550 

0 
1699 
2 b B  

23hb 
2231 
1567 
2182 
2342 
2 b 3  

2342 
2337 
1785 
2327 
1727 
1691 

1821 
1822 
2370 
1873 
1812 
1681 

1954 
1845 
1689 
1926 
1783 
2294 

0 

1937 

Mar. - 
3357 
2891 
2326 

568 
2238 
3739 

3686 
3476 
2454 
3321 
3663 
3743 

3510 
3369 
2139 
3483 
2374 
2141 

2477 
2335 
3259 
2704 
2480 
2219 

2530 
2 5b8 
2477 
2229 
2187 
3190 

568 

2770 



1955-56 
1956-57 
1957-58 

Minimum Monthly 
Peak Surplus 
Average Monthly 
Peak Surplus 

J u l  . - 
879h 
8 960 
8952 
8783 
8944 
8870 

8846 
8 911 
8942 
8922 
8928 
8935 

8956 
8868 
8958 
8937 
8963 
8843 

8 960 
8979 
8863 
8987 
8655 
888h 

9007 
8967 
8614 
8647 
8909 
8953 

8614 

8891 

TABLE 12 
Estimated Peak Surplus - Pacific Northwest Area 

198h-85 
(~housands of Kilowatts a t  Point of Generation) 

Oct. - 
5565 
5552 
5517 
5207 
5lr 8b 
51170 

5345 
5423 
5h99 
5427 
5517 
5506 

5575 
5475 
5526 
5605 
545.5 
545h 

5556 
5614 
5557 
5557 
5654 
5 6 h  

5545 
5549 
5567 
5610 
5582 
5596 

5207 

5521 

Nov, - 
878 
7 96 
822 
356 
904 
769 

820 
696 
730 
793 
812 
758 

873 
875 
903 
888 
7 20 
761 

864 
931 
8 57 
879 

1015 
895 

G 20 
862 
882 

1005 
862 
888 

3 56 

830 

Jan. - 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 - 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 

0 

Feb. - 
549 
256 

0 
0 
0 

728 

616 
50 5 

0 
439 
616 
677 

616 
611 
48 

599 
0 
0 

82 
83 

643 
145 

76 
0 

227 
106 

0 
189 

58 
567 

0 

281 

Mar. - 
204h 
1572 

962 
0 

902 
2b26 

2373 
2162 
1113 
1985 
2350 
2430 

2196 
2055 
SOL 

2163 
961r 
798 

1141 
999 

1946 
1391 
1167 

905 

1216 
1 2 1 2  
1163 
8 92 
874 

1876 

0 

1469 

Jun. - 
6329 
6363 
6094 
6468 
6009 
6356 

6h89 
6500 
6366 
6495 
6519 
6510 

6369 
6485 
60 50 
6 9 3  
5961r 
6240 

6329 
5h25 
6581 
5717 
6272 
65b2 

6137 
6100 
5h89 
5928 
6283 
6567 

5h25 

62 50 


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



