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GLOSSARY OF TE'RMS 

. . 

Below i s  a  l i s t  of t e c h n i c a l  e x p r e s s i o n s ,  i n  a l p h a b e t i c a l  

o r d e r ,  f r e q u e n t l y  used throughout  t h i s  r e p o r t .  D e f i n i t i o n  of  

t h e s e  e x p r e s s i o n s  should c l a r i f y  t h e  i n t e n t i o n s  of t h e  a u t h o r s ,  

and a i d  t h e  r eade r  i n  h i s  unders tanding  of  t h e  m a t e r i a l . '  

Consumptive use  = The amount of wate r  used by t h e  v e g e t a t i v e  

growth of a g iven  a r e a  i n  t r a n s p i r a t i o n  and 

b u i l d i n g  of p l a n t  t i s s u e  and t h a t  evapora t ed  

from a d j a c e n t  s o i l  o r  i n t e r c e p t e d  p r e c i p i t a -  

t i o n  on t h e  p l a n t  f o l i a g e  i n  any s p e c i f i e d  

t ime.  

. . .  

E f f e c t i v e  r a i n f a l l  = P r e c i p i t a t i o n  f a l l i n g  d u r i n g  t h e  growth . 

pe r iod  of t h e  c rop  t h a t  i s  a v a i l a b l e ' t o  
. . 

m e e t  t h e  consumptive use  o f  t h e  c r o p . .  I t  

does  n o t  i nc lude  such p r e c i p i t a t i o n  as i s  

l o s t  t o  deep p e r c o l a t i o n  below t h e  r o o t  zone 
o r  t o  s u r f a c e  r u n o f f .  

Grav i ty  d i v e r s i o n  = Divers ion of i r r i g a t i o n  wate r  w i thou t  t h e  

a i d  o f  pumps. 

Groundwater sou rces  = irrigation water  o b t a i n e d  from undergrpund 

a q u i f e r s .  

- 

a p p l i c a t i o n  

. e f f i c i e n c y  

= The r a t i o  of t h e  q u a n t i t y  of wate r  e f f e c t i v e -  

l y  p u t  i n t o  t h e  c rop  r o o t  zone and u t i l i z e d ,  

by growing c rops  t o  t h e  q u a n t i t y  appl ied . .  , 

Usual ly  expressed  a s  a  percen tage .  



MWH 

Net i r r i g a t i o n  

requi rements  

= ~ e ~ a w a t t ' h o u r s  ( 1 , 0 0 0 ~ k i l o w a t t  h o u r s ) .  

= The dep th  of i r r i g a t i o ' n  w a t e r ,  e x c l u s i v e  o f  

p r e c i p i t a t i o n  o r :  s t o r e d .  s o i l  m o i s t u r e ,  r e q u i r e d  

consumptively f o r  c rop  p roduc t ion .  

N e t  wa te r  = N e t  i r r i g a t i o n  requi rement  p l u s  wate r  re- 

requirements  q u i r e d  f o r ' o t h e r  u s e s  such as l e a c h i n g ,  e tc .  

Pumping d i v e r s i o n  = The-pumping o f  i r r i g a t i o n  w a t e r  i n t o  community 

conveyance systems.  I n  some c a s e s ,  t h e  quan- 

t i t y  of wate r  pumped i n  a  suba rea  may exceed 

t h e  water a p p l i e d  because some of  t h e  wa te r  

may be r e - l i f t e d  (pumped) more than  once.  

A t  t h e  p o i n t  of d e l i v e r y ,  t h e  i n d i v i d u a l  f a r -  

m e r  may e i t h e r  re-pump t h e  wate r  i r ~ t w  h i s  

i r r i g a t i o n  system o r  o b t a i n  t h e  wate r  by 

g r a v i t y  d i v e r s i o n .  

Pumping p l a n t  = The e f f i c i e n c y  of  motor t i m e s  t h e  e f f i c i e n c y  

e f f i c i e n c y  of  t h e  pump. Curlbir~eil e f f i c i e n c y  o f  pump a n d  

motor con.sj,.fiered as a unit, 

Surface  wate r  

sou rces  

= Sur face  sou rces  = i r r i g a t i o n  wa te r  o b t a i n e d  

from l a k e s ,  s p r i n g s ,  s t reams  o r  community 

conveyance systems.  

x i i  

. . 



ERRATA S H E E T  

Subregion 7: John Day Subarea 
Changes i n :  

S o l i d  set  - 80 a c r e s  p .  91 
Big gun - 353 a c r e s  p. 91  
Grav i ty  - 33,776 a c r e s  p. 91  

Subregion 1 2 :  F o r t  Rock, Chris tmas Lake and Chewaucan Subarea 
Changes i n :  

Hand move - 0 acres p. 121  
S ide  r o l l  - 5,615 a c r e s  p. 121  

Subregion 1 2 :  S i l v i e s ,  S i l v e r  and Donner und B l i t z e n  Subarea , 
Changes i n :  

Cente r  p i v o t  - 4 , 0 9 6 ' a c r e s  p .  123 
Hand move - 8,995 a c r e s  p. 123 
S ide  r o l l  - 10,205 a c r e s  p .  123 

Changes i n :  
Tab'le 4 1  
On-farm s u b t o t a l  - 111,447 acres p .  122 

Regional  and S t a t e  Summary, Oregon 
Changes i n  t e x t :  

Cente r  p i v o t  - 101,387 a c r e s  p .  133 
Hand move - 405,579 a c r e s  p .  133 
S ide  r o l l  - 333,906 a c r e s  p .  133 
S o l i d  s e t  - 26,762 a c r e s  p .  133 
Big gun - 29,413 a c r e s  p .  133 
Gravi ty  - 953,340 a c r e s  p .  133 

Changes i n :  ' 

Table  45 (Subregion 9)  
Acres . i r r i g a t e d  - 262,063 a c r e s  p .  ,134 

NOTE: Although minor changes i n  t h e  mix of  i r r i g a t i o n  systems 
r e s u l t e d  i n  a s l i g h t  change i n  e l e c t r i c a l  energy consumption, 
w e  d i d  n o t  n o t e  t h o s e  changes s i n c e  they  w e r e  less than  
1 .0%.  



INTRODUCTION 

Before 1900, United S t a t e s  a g r i c u l t u r e  r e l i e d  p r i m a r i l y  

upon animal and human power f o r  t h e  e n e r g i e s  t o  produce,  

p roces s  and d i s t r i b u t e  i t s  food p roduc t s .  The i n v e n t i o n s  o f  

e l e c t r i c i t y  and t h e  i n t e r n a l  combustion eng ine  coupled w i t h  

t h e  abundance o f  cheap energy s u p p l i e s  i n i t i a t e d  a s u b s t i -  

t u t i o n  o f  machine power f o r  on-farm animal  and human l a b o r  

e a r l y  i n  t h e  t w e n t i e t h  cen tury .  The u t i l i z a t i o n . o f  fer t i l -  

i z e r s ,  h e r b i c i d e s  and p e s t i c i d e s ,  which r e q u i r e  e x t e n s i v e  

e n e r g i e s  t o  produce,  have a l s o  i n c r e a s e d  t h e  i n d i r e c t  .energy 

consumption i n  a g r i c u l t u r e .  Inc reased  farm s p e c i a l i z a t i o n  

and consumer p r e f e r e n c e s  f o r  convenien t  foods  (extended 

p roces s ing )  have r e q u i r e d  more e n e r g i e s  f o r  t r a n s p o r t i n g ,  

hau l ing ,  s t o r i n g  and p roces s ing  o f  o u r  food s t u f f s .  Thus, 

a g r i c u l t u r e  'has c o n t r i b u t e d  t o  t h e  n a t i o n ' s  growth and pros-  

p e r i t y  by s u b s t i t u t i n g  energy and machines f o r  l a b o r  and 

r e s o u r c e s  which w e r e  t hen  used i n  n o n - a g r i c u l t u r a l  i n d u s t r i e s .  

However, t h i s  s u b s t i t u t i o n  has r e q u i r e d  a g r i c u l t u r e  t o  con- 

sume v a s t  amounts of  energy; a g r i c u l t u r e  p r e s e n t l y  consumes 

1 3  p e r c e n t  o f  t h e  t o t a l  U.S. energy budget  t o  produce,  

. h a r v e s t ,  p roces s  and d i s t r i b u t e  t h e  n a t i o n ' s  food supply  

( H i r s t ,  1974) . 

I n  t h e  wes te rn  p a r t  o f  t h e  United S t a t e s ,  one o f  t h e  

l a r g e s t  s i n g l e  'energy consuming a g r i c u l t u r a l  o p e r a t i o n s  i s  

i r r i g a t i o n .  Barnes e t  a l .  (1973) i n d i c a t e d  t h a t  ove r  34 

mi l , i ion  acres of l a n d  a r e  i r r i g a t e d  i n  t h e  18 wes te rn  

" i r r i g a t i o n  states. It This  ac reage  ' (within t h e  s t a t h s  o f  

Washington, Oregon, ~ a l i f o r n i a ,  Idaho,  Nevada, , U t a h ,  Ar izona,  

Montana, Wyoming ,, Co.lorado, New Mexico, North Dakota, South 

Dakota, Nebraska, Kansas, Oklahoma, Texas ,' and Louis iana)  

comprises approximately t e n  p e r c e n t  of t h e  c rop land  i n  t h e  
. . 

United S t a t e s .  On . much . of  t h i s  ac reage ,  50 t o  1 0 0 . p e r c e n t  



of t h e  crop  product ion i s  dependent upon proper  a p p l i c a t i o n  

of i r r i g a t i o n  water .  A s tudy i n  C a l i f o r n i a  (Wil l iams, ,1974)  

found t h a t  f o r  n ine  crops gro.wn ex tens ive ly  i n  t h a t  s t a t e ,  

t h e  a p p l i c a t i o n  o f  i r r i g a t i o n  water  was by f a r  t h e  l a r g e s t  

s i n g l e  f a c t o r  a f f e c t i n g  crop product ion.  The s tudy es t imated  

t h a t  a  50 percent.  reduct ion  i n  app l i ed  i r r i g a t i o n  water  

would r e s u l t  i n  an average y i e l d  r educ t ion  of 49 pe rcen t  f o r  

t h e  n ine  crops and a  reduction.. i n  crop va lue  of over  $1 

b i l l i o n .  

I r r i g a t i o n  i n  t h e  P a c i f i c .  Northwest i s  a l s o  an energy- 

i n t e n s i v e  process  which represents .  a  major p a r t  of t h e  t o t a l  

energy used i n  farm l e v e l  food product ion.  Since 1950, 

s e v e r a l  major developments have p r e c i p i t a t e d  pronounced 

i n c r e a s e s  i n  i r r i g a t i p n  energy requirements.  For example, 

t h e  invent ion  of e f f i c i e n t  h i g h - l i f t  pumps, l abor  saving  

equipment., new. uses- f o r  i r r i g a t i o n  sp r ink l . e r s ,  and p r o f i t a b l e  

cropping p a t t e r n s  have subs tant i .a l , ly  e s c a l a t e d  i r r i g a t i o n  ' . . . 

energy consumption i . n . t h e  P a c i f i c  Northwest i n  t h e  p a s t  

25 yea r s .  Un t i l  r e c e n t l y ,  energy p r i c e s  have remained 

r e l a t i v e l y . ' l o w  and 'constant .  

The next  25 y e a r s  w i l l  cont inue  t o  experience advanced 

i r r i g a t i o n  technologies .  In  a d d i t i o n  t o  technologica l  

development, however, t h e  c o s t  of  energy and water w i l l  

c e r t a i n l y  r i s e  while  t h e i r  a v a i l a b i l i t i e s  become inc reas ing ly  

cons t ra ined .  The d e p l e t i o n  of ground water i n  s e v e r a l  p a r t s  

of t h e  United S t a t e s  could a l s o  p o t e n t i a l l y  inc rease  t h e  

i r r i g a t i o n  burden of t h e  P a c i f i c  Northwest, T,aa t . l y  , parts  

of t h e  P a c i f i c  Northwestern water  supply a r e  d i r e c t l y  

conver t ib le  t o  energy v i a  h y d r o e l e c t r i c  genera t ion .  This 

s tudy proposes t o  make r e a l i s t i c  p r o j e c t i o n s  r e l a t i v e  t o  

p resen t  and f u t u r e  i n t e r a c t i o n s  of  t h e  above components. 



OBJECTIVES. 

The o b j e c t i v e s  o f  t h i s  s tudy  a r e  t o :  . 

1. Determine p r e s e n t  (1975) energy,  wa te r  and l a b o r  r e q u i r e -  

ments o f  i r r i g a t e d  a g r i c u l t u r e  i n  t h e  P a c i f i c  Northwestern 

s t a t e s  o f  Idaho,  Oregon and Washington. 

2. P r o j e c t ,  u s ing  a l t e r n a t i v e  s c e n a r i o s ,  e l e c t r i c a l  energy ,  

water and l a b o r  requirements  a s s o c i a t e d  w i t h  i r r i g a t e d  

a g r i c u l t u r a l  p roduc t ion  i n  1985 and 2000 i n  Idaho,  

Oregon and Washington. 

3.  A s s e s s  changes i n  t h e  r e g i o n ' s  i r r i g a t e d  c rop  p roduc t ion  

demands and de te rmine  t h e  r e l a t i v e  t r a d e - o f f s  between 

energy consumption, wate r  u t i l i z a t i o n  and l a b o r  r e q u i r e -  

ments. 

The f i r s t  o b j e c t i v e  i s  p re sen ted  i n  t h i s  r e p o r t .  The 

remaining o b j e c t i v e s  w i l l  be  addressed d u r i n g  t h e  second 

phase of t h i s  s tudy .  

'DA'TA 'COLLECTION 'PROCEDURE 

To determine t h e  amount o f  energy consumed by i r r i g a t i o n ,  

one needs t o  know what t ypes  of i r r i g a t i o n  systems e x i s t  and 

. how i r r i g a t i o n  wate r  i s  ob ta ined .  B a s i c a l l y ,  wate r  may be' 

p ~ u v i d e d  by tilt! fu l lowing  sou rces  : w e l l s  . (groundwater)  ; streams . 

and g r a v i t y  d i v e r s i o n  c a n a l s  ( s u r f a c e  w a t e r ) ;  o r  c a n a l s  and p i p e s  

f e d  by pumped d i v e r s i o n s  ( e i t h e r  groundwater o r  s u r f a c e  wate r  

s o u r c e s ) .  I n  a  pumped d i v e r s i o n ,  w a t e r  i s  pumped from e i t h e r  
- groundwater o r  s u r f a c e  wate r  b e f o r e  d e l i v e r y  f o r  use .  Pump- 

i n g  d i v e r s i o n s  'may a l s o  occur  where wate r  i n  a  g r a v i t y  d i v e r s i o n  

must be r e - l i f t e d  t o  h ighe r  e l e v a t i o n s  t o  i n c r e a s e  u t i l i z a t i o n .  

3 



I n  some c a s e s ,  d i v e r s i o n  pumping' r e q u i r e s  t h a t  . i r r i g a t i o n  wate r  

be pumped tw ice .  To know where t h i s  o ~ c c u r s ,  one needs t o  under- 

s t a n d  t h e  b a s i c  t ypes  of i r r i g a t i o n  systems.  

I r r i g a t i o n  methods can be p a r t i t i o n e d  i n t o  two broad c a t e -  
, 

g o r i e s :  s u r f a c e  systems and s p r i n k l e r  sys tems.  Su r face  systems 

g e n e r a l l y  t r a n s p o r t  wate r  from i t s  sou rce  t o  t h e  f i e l d  i n  e i t h e r  

a n a o p e n  d i t c h ,  which may o r  may n o t  be l i n e d  w i t h  an imper- 

meable m a t e r i a l ,  o r  through low p r e s s u r e  p i p e s .  The wa te r  i s  

t h e n  d i s t r i b u t e d  by e i t h e r  f l ood ing  t h e  complete f i e l d  o r  by 

fur row i r r i g a t i o n ,  which n e c e s s i t a t e s  t h e  w e t t i n g  of on ly  p a r t  

of  t h e  s u r f a c e  (from 1 / 2  t o  1 / 5 ) .  There a r e  approximately  4 3  

m i l l i o n  a c r e s  under s u r f a c e  i r r i g a t i o n  i n  t h e  Uni ted S t a t e s .  

S p r i n k l e r  i r r i g a t i o n  systems d i f f e r  from s u r f a c e  i n  

t h a t  wate r  i s  d i s t r i b u t e d  ove r  t h e  f i e l d  v i a  p r e s s u r i z e d  
. . 

i r r i g a t i o n  s p r i n k l e r s .  There are seven b a s i c  t ypes  o f  

p r e s s u r i z e d  systems which range i n  o p e r a t i n g  p r e s s u r e  'from 

o v e r  100 p s i  f o r  b i g  guns and some c e n t e r  p i v o t  systems t o  

less than  10 p s i  . f o r  d r i p  systems.  The s i x  t ypes  of  p re s -  . . 

s u r i z e d  systems and t h e i r  approximate U .  S  . ac reages  a r e  : 

hand move ( 4 . 4  miI1iu11 acres) , side r o l l  (3.2 m i l l i o n  ' 

acres) ,  s o l i d  se t  and permanent (w i th  a combined 1.1 m i l l i o n  

a c r e s )  , b i g  gun (0.6 m i l l i o n  acres) , c e n t e r  p i v o t  (3.9 

m i l l i o n  acres) , and d r i p  (75,000 ,acres) . These ' systems 

collectively i ~ ~ i . g a L e  utter 11 m i l l i u n  aurqc. 

The hand move system i s  t y p i c a l l y  hand assembled f o r  a 

p a r t i c u l a r  i r r i g a t i o n  s e t ,  o p e r a t e d  f o r  approximately  1 0  

hou r s ,  d isassembled and t r a n s p o r t e d  by human l a b o r  approxi-  

mately  50 f e e t  a c r o s s  t h e  f i e l d  t o  be  reassembled and 

o p e r a t e d  f o r  t h e  nex t  s e t .  This  method r e q u i r e s  s p r i n k l e r  

o p e r a t i n g  p r e s s u r e s  oaf approximately  50 p s i  and a  s i g n i f i c a n t  

amount of human l a b o r .  



One means of reduc ing  t h e  human l a b o r  requi rement  i s  t o  

i n s t a l l  wheels on t h e  l a t e r a l  s o  t h a t  t h e . p i p e  can be  

r a p i d l y  moved from one i r r i g a t i o n  set  t o  t h e  nex t .  T h i s  

sys tem, ,  c a l l e d  s i d e  r o l l ,  s u b s t a n t i a l l y  r educes  l a b o r  

demands. Another means o f  r educ ing .  l a b o r  i s  t o  p o s i t i o n  

la tera ls  a t  50 f o o t  spac ings  a c r o s s  t h e  complete f i e l d .  

Th i s  system, c a l l e d  s o l i d  se t ,  i n s t e a d  r e q u i r e s  a l a r g e  

number o f  p i p e s  .and s p r i n k l e r s  t o  cover  t h e  f i e l d .  To 

f a c i l i t a t e  h a r v e s t i n g ,  t h i s  s e t -up  i s  u s u a l l y  d i sassembled  

a f t e r  t h e  l a s t  i r r i g a t i o n .  

The permanent system i s  t h e  u l t i m a t e  i n  a l a b o r  s a v i n g  

scheme. The sys tem's  supply  l i n e s  and l a t e r a l s  a r e  u s u a l l y .  , , 

b u r i e d  and i n  many c a s e s  t h e  complete system i s  c o n t r o l l e d  

by e l e c t r o n i c  c locks ;  only  a  minimum of  l a b o r  i s  neces sa ry  

f o r  maintenance o p e r a t i o n s .  The b i g  gun system has  a t tempted  

t o  reduce bo th  l a b o r  and i n i t i a l  inves tment  by r e q u i r i n g  

on ly  one l a r g e  nozz le  t o  i r r i g a t e  a c i r c u l a r  a r e a ;  however, 

t h i s  sys tem can r e q u i r e  o p e r a t i n g  p r e s s u r e s  i n  exces s  o f 1 0 0  

p s i .  

Another t echnique ,  c a l l e d  t h e  c e n t e r  p i v o t ,  w a s  f i r s t  

i n t roduced  i n  t h e  l a t e  19'50's.  This  method u t i l i z e s  one 

l a te ra l  t o  i r r i g a t e  a c i r c u l a r  p a t t e r n  which u s u a l l y  encom- 

p a s s e s  126 a c r e s ,  r e q u i r i n g  a minimum amount of  l a b o r  and 

us ing  s p r i n k l e r  o p e r a t i n g  p r e s s u r e s  between 70 and 90 p s i .  

There are' approximately 120,000 a c r e s  of  c e n t e r . p i v o t  

sys tems i n  Oregon nea r  t h e  Columbia River,; over  80,000 acres 

o f  t h e s e  w e r e  i n s t a l l e d  between 1972 and 1974. 

The l a s t  type  o f  p r e s s u r i z e d  method i s  c a l l e d  t h e  d r i p  

or t r i c k l e  system. This  r e q u i r e s  low p r e s s u r e s  (approximately  

1 0  p s i )  and reduced l a b o r  requi rements ,  and maximizes wa te r  

a p p l i c a t i o n  e f f i c i e n c y  by p rov id ing  an i n d i v i d u a l i z e d  

e m i t t e r  t o  each p l a n t .  The d r i p  technique  r e q u i r e s  a l a r g e  



amount o f  p l a s t i c ,  po lye thy lene  br PVC t u b i n g  which i s  

u s u a l l y  i n s t a l l e d  d i r e c t l y  below t h e  ground s u r f a c e .  I n  

a d d i t i o n  t o  p rov id ing  h igh  wate r  a p p l i c a t i o n  . e f f i c i e n c i e s  , 
t h e  system can be used t o  i r r i g a t e  a r e a s  which would o t h e r -  

w i s e  be  t o t a l l y  imposs ib le  t o  i r r i g a t e .  For example, 

avocado o rcha rds  i n  C a l i f o r n i a  a r e  i r r i g a t e d  on rocky 

h i l l s i d e s  w i t h  s l o p e s  i n  exces s  of  55O. Dr ip  systems have 

been expe r imen ta l ly  t e s t e d  on over 100 d i f f e r e n t  c rops  w i t h  

v a r y i n g  deg rees  o f  succes s .  One major problem w i t h  t h i s  

method i s  t h e  p lugging  of i n d i v i d u a l  d~ippers, h o l e s  or  

emitters. However, d r i p  hac on ly  been l ~ n d e r  commercial 

p r o d u c t i o n  f o r  a  few y e a r s  and r e s e a r c h  i s  con t inu ing  t o  

a l l e v i a t e  many o f  t h e  e x i s t i n g  problems. 

A l l  t h e  above i r r i g a t i o n  systems a r e  used throughout '  

- t h e  r e g i o n ,  which encompasses t h e  t h r e e  cont iguous  s t a t e s  of  

Washington, Oregon and Idaho.  The r e g i o n  i s  p a r t i t i o n e d  i n t o  

45 d r a i n a g e  b a s i n s  shown i n  F igu re  1. T h i r t y - s i x  of  t h e  d r a i n -  

aye b a s i n s  a r e  conta ined  wholely w i t h i n  one of  t h e  s t a t e s ;  

Washington, Oregon and Idaho have 8 ,  1 4  and 1 4  complete d r a i n -  

a y e  b a s i n s  w i t h i n  t h e i r  s t a t e  boundar ies ,  respectively. I n  

a d d i t i o n ,  9 d ra inage  b a s i n s  a r e  sha red  between two s t a t e s :  

t h r e e  between Washington and Oregon, t h r e e  between Oregon and 

Idaho,  and t h r e e  between Washington and Idaho.  A l l  d a t a  have . 
b e e n  c o l l e c t e d  and p a r t i t i o n e d  i n t o  one of t h e  above d ra inage  

b a s i n s .  

The data  c o l l e c t e d  i r i  Lliis study wcrn obtained by t h e  

fo l lowing  procedures :  ' 1) a c t u a l  f i e l d  d a t a  e s t i m a t e d ,  and . 
2 )  da ta .  gene ra t ed  from computer. models. The two' p rocedures  

w e r e  des igned  as a check and ba l ance  d a t a  c o l ' l e c t i o n  system. 
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Figure  1. Map of Washington, Oregon, and ~ d a h o ,  p a r t i t i o n e d  i n t o  4 5  d ra inage  b a s i n s .  



Field Data 

A variety of different crops is grown in the Pacific 

Northwest using all seven of the above irrigation systems. 

County agricultural extension agents and state irrigation 

engineering specialists completed a detailed questionnaire 

for each crop grown in each drainage basin. The crop 

questionnaire addressed amount of water applied by each type 

of irrigation system source of irrigation water (ground 

wateror surface), pumping lifts, and power sources. Most 

of the information was obtained on a county basis and then 

allocated to the appropriate drainage basin. 

Pumping lifts were also obtained from Oregon Water Re- 

sources Department (McCall, 1975; Sceva, 1966; Leonard, 1970; 
. . . .  . 

Bartholemew and Debow, 1970; Ducret and Anderson, 1965; Helm, 

1968; Price and Johnson, 1965; Frank and ~ohnkon, 1970, 19'75;. 

Hampton, 1963; Price, 1961;,Forworthy et al., 1964; Leonard ' . . 

and Harris, 1974, 'Pumping plant efficiencies for,on-farm pumps 

, ' were calculated from Pacific Gas and Electric Company's irriga- 

tion pumping .plant .field data. The efficiencies of pumping 

plants operated by various irrigation districts or the Bureau 

of Reclamation were calculated whenever sufficient information 

was available. When sufficient information was not available, 

efficiencies were estimated according to the horsepower of the 

pumping plant. 

Irrigation cnergy consumption data w e r e  collected from 

utility c u ~ ~ ~ p a n i e s ,  usnnevif lc FUWLIL Ad1'11in. i~ Lration , Pederra.1 

Power Commission, and Bureau of Reclamation regional offices. 

Most of the energy data were supplied on a regional or macro- 

scopic ba~is and had to he p rn ra t ed  to the crop-irrigation sys- 

tems in the area represented by the corresponding energy data. 

The allocation of an area's recorded energies to specific 



crop-irrigation system utilized cropyclima.tic data and irri- 

gation and pumping plant efficiencies. 1t was found that almost 

all the energy used for irrigation pumping .in.the region was 

electrical energy. Other energy sources were either not men- 

tioned by those answering the questionnaire or stated as being 

insignificant. Due to conversion to e~lectrical energy, the . ' 

use of alternate energy sources for irrigation pumping is 

diminishing in the region. 

Computer Model Data 

The first computer program simulates the net seasonal 

water requirements of a crop in a specific climatological 
.. . 

environment. The.mode1 determines, on a monthly basis, the- ..' 

crop's consumptive use and the effective rainfall. The net 

monthly irrigation requirement of the crop is obtained. by - . 

subtracting monthly rainfall from monthly consumptive use. 

Net monthly irrigation requirements are then accumulated 

over 'the crop's growing period to produce a seasonal net 

.irrigation requirement. Lastly, a salinity leaching require- 

ment is determined. The total seasonal net water requirement 

is obtain,ed,by summing leaching and net irrigation require- 

ments. 

The computer model calculate monthly consumptive use, u, 

by the following modified Blaney-Criddle method (U. S. Depart- 

ment of Agriculture, S.C.S., 1970): . . 

where : 

kt = 0.0173t - 0.314 
0 

t = mean monthly temperature, F 

kc = monthly crop growth stage coefficient . . 



p  = p e r c e n t a g e  o f  d a y l i g h t  as a  f u n c t i o n  o f  a r e a ' s  

l a t i t u d e .  

Average monthly e f f e c t i v e  r a i n f a l l ,  r i s  c a l c u l a t e d  from 
. e '  

where : 
2  

F = 0.531747 + 0.295164 ( D )  - 0.057697 ( D  ) + 0.003804 ( D 3 )  

D = d e p t h  o f  i r r i g a t i o n ,  i n c h e s  

r = mean monthly r a i n f a l l ,  i n c h e s  . . 

t 

When t h e  d e p t h  o f  i r r i g a t i o n  e q u a l s  3  i n c h e s ,  F = 1 .0 .  The v a l u e s  

o f  re used age  b a s e d  on a  3- inch n e t  i r r i g a t i o n  . a p p l i c a t i o n .  

Leaching r e q u i r e m e n t s  a r e  a  f u n c t i o n  o f  a v e r a g e  a n n u a l  

r a i n f a l l  and assume 0 .5  i n c h e s  o f  r u n o f f  p e r  y e a r  i n  s e m i - a r i d  

and a r i d  c l i m a t e s .  A l e a c h i n g  r a t i o ,  LR,  i s  f i r s t  c a l c u l a t e d , .  

assuming i r r i g a t i o n  w a t e r  i s  n o t  a p p l i e d  f o r  l e a c h i n g  ( U .  S.  

Department  of  A g r i c u l t u r e ,  S .  C .  S . ,  197'0) : 

where : 

D ~ , "  = d e p t h  o f  i r r i g a t i o n  w a t e r  r e q u i r e d  t o  s a t i s f y  

b o t h  consumpt ion u s e  c o n d i t i o n s  and l e a c h i n g  

r e q u i r e m e n t s  

ECiw = elect r ical  c o n d u c t i v i t y  o f  t h e  i r r i g a t i o n  w a t e r  
. . 

i n  m i l l i m h o s  p e r  c e n t i m e t e r  



Drw = depth  of  annual  r a inwa te r  e n t e r i n g  t h e  s o i l  

p r o f i l e  i n  i nches  

ECdw = maximum p e r m i s s i b l e  e l e c t r i c a l c o n d u c . t i v i t y  o f .  

d r a inage  e f f l u e n t  f o r  t h e  i r r i g a t e d  c rop  i n  mil l imhos 

p e r  cen t ime te r .  

E l e c t r i c a l  c o n d u c t i v i t y  v a l u e s ,  ECiw, of t o t a l  s a l t  con- 

t e n t  f o r  each d ra inage  b a s i n  a r e  r e p o r t e d  i n  t h e  Annual Summary 

of Water Q u a l i t y  Data f o r  S e l e c t e d  S i t e s  i n  t h e  P a c i f i c  North- 

west  (1972) .  Average annual  n e t  l each ing  requi rement ,  L n  , i s  

then c a l c u l a t e d  from 

where : . . 

U = s e a s o n a l  consumptive use  

= seasona l  n e t  i r r i g a t i o n  requirement  

LR = l e a c h i n g  r a t i o  

Dm = depth o f  Bnnual r a inwa te r  e n t e r i n g  t h e  s o i l  p r o £ i l e .  

. . 

The program then  i n c r e a s e s  t h e  s easona l  consumptive 

' use.' U, by 5 inches of w a t e r  and repeats t h e  above c a l c u l a -  

t i o n s .  T h e s i m u l a t e d  n e t  l each ing  requirement  is t h e n  

determined by i n t e r p o l a t i n g  between t h e  two c a l c u l a t e d  

v a l u e s  o f  Ln. That  is ,  



where : 

' Ln = net seasonal leaching- requirement 

Lno 
= net leaching requirement when no irrigation water 

.is used for leaching 

Ln5 = net leaching' requirement when 5 additional.inches 

of irrigation water are used for leaching. 

If the simulated net leaching requirement is less than 

zero or the yearly precipitation.for the region exceeds 30 

inches, the leaching requirement is set to zero. 

The program then determines the planting date for 

annuals (or the first water use date of perennials) as a 

function of critical spring temperatures for each selected 

crop in the 1975 season. The model proceeds to determine 

the average end of growing season for the selected crop, 

based on critical fall temperatures of the crop and average 

daily temperatures. The potential growing season for the 

crop is the difference between planting date and end.of 

growing season date. From the potential growing season, the 

model subtracts the maximum growing season of the crop, 

divides the total by two and then adds this quotient to the 

earliest planting date. The final value is recorded as the 

average planting date and is used to deterrr~ine dnnual water 

requirements. If the critlcal fall temperature in 1975 oc- 
curs earlier than the mean critical ten~perdture ddke, L11e 

growing season is terminated. That is, if a killing frost 

occurs bcforc the crop is mature, the growing season i s  ter- 

minated on that day. 

The second model calculates the energy consumed by a 

particular irrigation system for a specific crop-climatic 

condition. This model requires the following general inputs: 

net crop water requirements,'type of irrigation system, 



irrigation application ef f .i.ci.ency, pumping lifts from water 

source to field, and pumping plant efficiency. .The first com- 

puter model determines total seasonal net water requirements, 

in acre-inches per season. Using these total seasonal net water 

requirements, the second model calculates the total required 

pumping energy by 

(1.024) (AI) (L) 
KWH = (12) (EFF) (IAEF) 

where : 

A1 = seasonal net water requirement in acre-inches per 

season 

L = pumping lift required to transfer water from the 

source to the field level plus the operating head of 
. . 

the irrigation system, in feet 

EFF = pumping plant efficiency, as a decimal . . 
. . 

IAEF = irrigation application efficiency, as a decimal . . 

1.024 = energy conversion factor. . . 

Pumping plant efficiency and pumping lift data were ob- . . 

tained for eachdrainage basin within this study (see Field 

. . Data section) . 
I 

After the computer models.predict water and energy require- 

ments, the values are compared tothe data reported in the field 

study. Where discrepancies exist, both data collection procedures 

are analyzed for possible input errors and then re-evaluated. 

Model Inputs 
\. 

To predict.the water and energy requirements of acrop in 

a specific climatological region required data concerning'a 



crop's growing attributes, its environmental characteristics, 

and the type of irrigation system distributing the water. 

Plant attributes included crop consumptive use 'and crop co- 

efficient values. Crop coefficient values were obtained from 

USDA-SCS (1970) and consumptive use values from net irrigation 

requirements of crops in each state (Watts et al., 1968; Sutter 

and Corey, 1970; and Jensen et al., 1969). Environmental char- 

acteristics included mean monthly temperatures, rainfalls and 

percent of daylight periods. These vaiues were obtained from 

local climatic data. 

Irrigation system parameters included pumping plant ef- 

ficiencies, pumping lifts, irrigation application 'efficiencies, 

and operating pressures. Pumping plant efficiencies were a 

function of individualized pumps. However, values in g,eneral 

were between thelfollowing ranges: 72-82 percent for large . .. 

Bureau of Reclamation pumps; 65-75 percent for large private 

pumps; 54-65 percent for intermediate pumps; 'and 50-58 percent 

for small on-farm pumps. Typical irrigation application ef- 

ficiencies,and operat.ing heads for each system were as follows: 

System Operating head Application efficiency ( % ) .  
(ft) Humid Arid 

Center pivot 

Hand move 

Side roll 

Solid set 

Permanent 

Big gun . 

Drip * 
Gravity 

Gravity (return) 
* 
When pumping is required to deliver water for gravity systems, 
5 feet of additional lift. is- used.. 

. . 
On-farm pumping lifts were obtained from each area in this study anc 

are reported in Tables: 1-44. 



SUBREGIONAL RESULTS 

The complete r eg ion  encompasses t h e  t h r e e  cont iguous  

s t a t e s  of  Washington, Oregon and Idaho and has  been p a r t i t i o n e d  

i n t o  45 d ra inage  b a s i n s  ( subareas  shown i n  F igu re  1). A l l  d a t a  

have been c o l l e c t e d  and c l a s s i f i e d  by d r a i n a g e  b a s i n .  The 

dra inage  b a s i n s  have been organized  i n t o  1 4  sub reg ions  which a r e  

p re sen ted  i n  t h e  fo l lowing  s e c t i o n s .  Tabula r  r e s u l t s  f o r  each  

subarea  c o n t a i n  t o t a l  i r r i g a t e d  ac reage ,  i r r i g a t e d  c r o p s ,  wate r  

app l i ed  and energy consumed i n  1975. 

Throughout most o f  t h e  r e g i o n ,  1975 w a s  c l i m a t i c a l l y  a  

w e t t e r  and c o o l e r  y e a r  t han  t h e  "average i r r i g a t i o n  season ."  

I r r i g a t i o n  systems a r e  t y p i c a l l y  des igned  t o  p rov ide  ' s u f f i c i e n t  . 

water  d u r i n g  peak p e r i o d s  f o r  e i g h t  o u t  of every  t e n  y e a r s .  

That i s ,  from a s t a t i s t i c a l  p e r s p e c t i v e  e i g h t  o u t  o f  t e n  systems 

should be  a b l e  t o  s a t i s f y  peak i r r i g a t i o n  demands d u r i n g  80 per -  

c e n t  o f ' t h e  i r r i g a t i o n  seasons .  This  parameter  i s  ex t remely  

impor tan t  s i n c e  a  s h o r t a g e  o f  mois ture  d u r i n g  c r i t i ca l  p l a n t  

s t a g e s  may r e s u l t  i n  c a t a s t r o p h i c  y i e l d  r e d u c t i o n s .  S ince  t h e  

1975 i r r i g a t i o n  c l i m a t i c  season  w a s  lower t han  "average ,"  t h i s  

s tudy  a l s o  i nc luded  an eng inee r ing  des ign  requi rement  f o r  each . 

crop i n  t h e  fo l lowing  t a b l e s .  These e n g i n e e r i n g  d e s i g n  va lues  

r e p r e s e n t  t h e  wa te r  neces sa ry  t o  s a t i s f y  e v a p o t r a n s p i r a t i o n  de- 

mands and p rov ide  a  s u f f i c i e n t  c rop  e i g h t  o u t  o f  every  t e n  years . .  

Therefore ,  t h e  eng inee r ing  des ign  v a l u e s  are probably more meaning- 

f u l  than  t h e  1975 v a l u e s  f o r  p red i c t , i ng  f u t u r e  i r r i g a t i o n  wate r  

and energy requi rements .  The e f f i c i e n c i e s  used f o r  the '  v a r i o u s  

systems i n  c a l c u l a t i n g  t h e  des ign  wate r  requi rements  a r e  con- 

s i d e r e d  t h e  same a s  1975 systems. .  



SUBREGION. 1 . ' 

Northern Idaho 

This  sub reg ion  i s  l o c a t e d  i n  t h e  n o r t h e a s t e r n  c o r n e r  o f  

t h e  r eg ion  (see F igu re  2 ) .  Approximately 30 p e r c e n t  i s  i n  

n o r t h e a s t e r n  Washington and t h e  remaining 70 p e r c e n t  i n  

n o r t h e r n  Idaho.  

F igu re  2 .  Map of Subregion 1 c o n t a i n i n g  Pend Ore i l le ,  
Kootenai ,  Spokane and Lower Clark  Fork Subareas.  



To s i m p l i f y  t h e  d a t a ,  t h i s  subreg ion  has  been d i v i d e d  

i n t o  f o u r  suba reas .  One subarea  -- Spokane -- i s  an e n t i r e '  

r i v e r  d ra inage  b a s i n  whi le  t h e '  remaining t h r e e  suba reas  -- 
Kootenai ,  Lower Clark Fork and Pend O r e i l l e  -- c o n t a i n  on ly  

p a r t  of  t h e i r  complete r i v e r  d ra inage  b a s i n s .  

This  subreg ion  conta ined  52,850 acres o f  i r r i g a t i o n  i n  

1975. Of t h i s  t o t a l ,  Spokane i r r i g a t e d  48,050 a c r e s ,  Pend 

O r e i l l e  con ta ined  3,800 a c r e s ,  Kootenai  i r r i g a t e d  1,000 

acres, 'and t h e  Lower Clark Fork ' subarea  : w a s  vo id  o f  irri- 

g a t i o n .  Hay and p a s t u r e  were t h e  primary (59 p e r c e n t  o f  

t o t a l )  c rops  i n  t h e  subreg ion .  Add i t i ona l  i r r i g a t e d  c rops  

inc luded:  s m a l l  g r a i n s ,  f i e l d  corn ,  min t ,  hops,  d i l l ,  

v e g e t a b l e s ,  p o t a t o e s ,  g r a s s  s eed ,  f r u i t ,  n u t s  and b e r r i e s .  

Approximately 111,876 a c r e - f e e t  o f  w a t e r  w e r e  a p p l i e d  and 

58,140 MWH o f  e l e c t r i c i t y  w e r e  consumed f o r  i r r i g a t i o n  i n  1975. 

~ n g i n e e r i n g  des ign  requirements  f o r  t h i s  cor responding  . 
. 

p e r i o d  w e r e  120,376 a c r e - f e e t  of  water and 63,009 MWH o f  

. e l e c t r i c i t y .  S ince  1975 was a  w e t t e r  t han  average y e a r ,  

a c t u a l  u t i l i z a t i o n  was less than e n g i n e e r i n g  des ign  v a l u e s .  

I r r i g a t i o n  systems and t h e i r  cor responding  ac reages  used 

w i t h i n  t h e  s u b r e g i o n  were a s  fo l lows:  hand move, 35,114 

a c r e s ;  s i d e  r o l l ,  10,190 acres;> g r a v i t y ,  6,610 a c r e s ;  b i g  

a gun, 836 acres; and d r i p ,  1 0 0  a c r e s .  

Perid O r e i l l e  'Subarea 

This  suba rea  i s  l o c a t e d  i n  t h e  n o r t h e a s t e r n  edge o f  

Wa~h ing ton  and nor thern  p o r t i o n  of Idaho.  The complete 

d ra inage  b a s i n  i s  t r u n c a t e d  by t h e  U.S.-Canadian bo rde r .  

This  suba rea  c o n t a i n s  t h e  Pend O r e i l l e  and P r i e s t  Lakes. 

A g r i c u l t u r e ,  mining,  and r e c r e a t i o n  a r e  t h e  major economic 

components o f  t h e  a r e a .  



I r r i g a t i o n  energy and wate r  d a t a  a r e  shown i n  Table  1 

f o r  t h e  Pend O r e i l l e  Subarea ,  .which con ta ined  3,800 ' a c re s  of  

i r r i g a t i o n ,  w i t h  h.ay and p a s t u r e s  r e g i s t e r i n g  3,047 acres 

(80 p e r c e n t )  o f  t h e  t o t a l .  Also,  sma l l  ac reages  o f  g r a i n ,  

f i e l d  corn ,  min t ,  hops,  d i l l ,  v e g e t a b l e s  and p o t a t o e s  w e r e  

i r r i g a t e d  i n  t h i s  subarea .  . . 

The 3,800 i r r i g a t e d  a c r e s  had 6,936 a c r e - f e e t  of  wa te r  ap- 

p l i e d ' a n d  used 2,328.6 MWH o f  e l e c t r i c i t y  i n  1975. Engineer ing  

d e s i g n  requi rements  f o r  t h e  cor responding  d a t a  were 7.093 ac re -  

f e e t  of w a t e r  and 2,414.9 MWH of e l e c t r i c i t y .  Su r f ace  sources , .  , . 

which s u p p l i e d  92.1 p e r c e n t ' o f  t h e  i r r i g a t i o n  w a t e r  ' t o  t h i s  

suba rea ,  had average on-farm pumping l i f t s  o f  27 f e e t ;  t h e  

remaining wa te r  w a s  ob t a ined  from groundwater w i t h  average 

l i f t s  o f  150 f e e t ,  I r r i g a t i o n  pumping w a s  p r i m a r i l y  an . . .  

i n d i v i d u a l i z e d  fa rmer  o p e r a t i o n  th roughout  t h e  subarea ' ,  . . 

~ a s t l y ,  i r r i g a t i o n  systems,  by major  t y p e s ,  w e r e  as fo l lows:  

hand move, 2,246 a c r e s ;  g r a v i t y ,  560 acres; s i d e  r o l l ,  490 

a c r e s ;  and b i g  gun, 324 acres. 

This d r a i n a g e  area i s  p a r t i t i o n e d  between washington 

and Idaho. The suba rea  c o n t a i n s  t h e  Spokane River  d ra inage  

which , o r i g i n a t e s  i n  Coeur d lAlene  Lake, t h e  S t .  J o e  River  

and the Coeur B ' A l e n e  a v e r .  The B i t t e r r o o t  Range on t h e  

Idaho-Montana bo rde r  forms t h e  e a s t e r n  boundary o f  t h i s  

subarea .  Major economic a c t i v i t i e s  i n c l u d e  i r r i g a t e d  

a g r i c u l t u r e ,  wood p roduc t s ,  mining and r e c r e a t i o n .  

The energy consumption and wa te r  requi rements  f o r  

Spokane Subarea a r e  r e p o r t e d  i n  Table 2; over  48,000 a c r e s  

w e r e  i r r i g a t e d  i n  1975. 'Hay and p a s t u r e  accounted f o r  57 



Table  1. 1975 water. requ i rements  and energy consumption f o r  i r r i g a t i o n  i n  t h e  Pend O r e i l l e  Subarea.  

92.1% of t h e  w a t e r  was s u p p l i e d  by s u r f a c e  s o u r c e s  w i t h  average  on-farm pumping l i f t s  of 27 f e e t ' a n d  
t h e  remaining 7.9.% from groundwater w i t h  average  l i f t s  of 150 f e e t .  
Values  r e p r e s e n t  t h e  e n g i n e e r i n g  s i z i n g  of wa te r  and energy r e q u i r e d  t o  p r o v i d e  a c rop  8 y e a r s  o u t  . 
of i o .  . . 

Average w a t e r  consumed f o r  a l l  c r o p s , i n  sub.region.  
Average energy r e q u i r e d  f o r  a l l  c r o p s  and wate r  Sources  i n  subarea .  

. . 

Design ~ e ~ u i r e m e n t s ~  

Energy Consumed' 

Water Ground- S u r f a c e  
Appl ied  w a t e r  Water 

(ac - in /ac )  ( K W H / ~ C )  ( K W H / ~ C )  

22.5 1 ,117.2  557.9 
21.5 999.2 596.3 
19.6  1 ,344.0  976.6 
34.2 -- 0 .0  
1 2 . 3  571.7 341.1  
20.8 966.7 576.9 
23.8  1 ,124 .3  678.2 

22.43 635.5 ICw14/ac4 

-- -- 

22.43 635.5 K W H / ~ ~ ~  

1975 Requirements  

Energy Consumed' 

Water Ground- Sur f  a c e  
Appl ied water Water 

( a c - i n / a c )  (~WtI/ac) ( K W H / ~ C )  

22.5 1 ,117 .2  557.9 
1 8 . 5  859.8 513.1  
15.9  1 ,090 .3  792.8 
29.8 - - 0 .0  
1 0 . 8  501.9 299.5 
1 9 . 1  887.7 529.7 
22.2 1 ,048.7  632.6 

2 1 . 9 ~  612.8 K W H / ~ C ~  

-- - - 

21.9~ 612.8 K W H / ~ C ~  

Crop 

Hay and p a s t u r e  
Gra in  
F i e l d  c o r n  
Mint,  hops ,  & d i l l  
V ~ g e  t a b  l e s  
F r u i t s ,  n u t s  & b e r r i e s  
P o t a t o e s  

S u b t o t a l  

Pumping d i v e r s i o n  

T o t a l  

Acres  
I r r i g a t e d  

3 ,C47 
BOO 
324 

6 0 
2 0 

5 
244 

3,EOO 

- - 

3,800 



Table 2. 1975 water  requirements  and energy consurnpt ion,for  i r r l g a t i o n  i n  t.le Spokane Subarea.  

Acres 
I r r i g a t e d  

19 75 Requirements 

Energy consumed1 

Water Ground- Surf a c e  
Applied. water  Water 

(ac- in lac) .  (KWH/ac) (KWH/ac) 

Design ~ e ~ u i r e m e n t s  

Energy Consumed ' 
Water Ground- Surf a c e  

Applled water Water 
( ac - in l ac )  (KWHIac) (KWH/ac) 

Hay and p a s t u r e  ~27,334 
Grain . . 7,614 

Vegetables 2,700 
F r u i t s ,  nu t s  and b e r r i e s  526 
Grass seed 9,706 
F i e ld  corn. j 120 
Pota toes  

N 1 5 0 

S u b t o t a l  

Pumping d i v e r s i o n  
-- I 18,650 a c - f t  . 8 ,569  MWH I 20,C97.530 9,234.271 

T o t a l  

37.8% of t h e  water  was supp l i ed  by s u r f a c e  sources  wi th  average on-farm punpLng l i f t s  of 52 f e e t  and 
t h e  remaining 62.2% from groundwater wi th  average l i f t s  of 157. 
Values r ep re sen t  the engineer ing  s i z i n g  of water and energy r equ i r ed  t o  provide a crop 8 yea r s  out  
of 10. 
Average water  consueed f ~ r  a l l  crops i n  subregion.  
Average energy r equ i r ed  f o r  a l l  crops axd water  sou rces  i n  subarea .  



pe rcen t  o f  t h e  s u b a r e a ' s  . t o t a l  i r r i g a t i o n .  Other  i r r i g a t e d  

c rops  i n c l u d e  smal l  g r a i n s ,  v e g e t a b l e s ,  f r u i t s ,  n u t s ,  

b e r r i e s ,  g r a s s  s e e d ,  f i e l d  corn  and p o t a t o e s .  

Approximately 103,308 a c r e - f e e t  o f  w a t e r  w e r e  a p p l i e d  and 

55,215 MWH of  e l e c t r i c i t y  w e r e  consumed' , f o r  i r r i g a t i o n  i n  1975, 

Corresponding eng inee r ing  d e s i g n  requi rements  f o r  t h e  same 

pe r iod  were 111,316 a c r e - f e e t  of  w a t e r  and 59,869 MWH o f  

e l e c t r i c i t y .  Of the t o t a l  w a t e r  a p p l i e d  i n  1975, 37.8 

p e r c e n t  w a s  supp l i ed  from s u r f a c e  s o u r c e s  w i t h  average  

on-farm l i f t s  o f  52 f e e t ;  t h e  remaining 62.2 p e r c e n t  was 

ob ta ined  from groundwater sou rces  w i t h  average l i f t s  o f  157 

f e e t .  The subarea  c o n t a i n s  a  Bureau of  Reclama.tion p r o j e c t  

which provided wate r  f o r  1,800 a c r e s .  Hand move w a s  t h e  : 

major i r r i g a t i o n  system type ,  w i t h  31,'880 a c r e s .  . A d d i t i o n a l  . 

systems inc luded  s i d e  r o l l ,  9,700 a c r e s ;  g r a v i t y ,  6,050 . . 

a c r e s ;  b i g  gun, 320 a c r e s ;  and d r i p ,  100 a c r e s .  

. Low.e; r. .c . . . . a r k  Fork 'S'uba'rea 

. . 

This  d ra inage  suba rea  i n c l u d e s  t h o s e  l ands  d r a i n e d  by 

t h e    lark Fork River downstream from Missoula ,  Montana t o  

Pend O r e i l l e  Lake.' Nine ty-e igh t  p e r c e n t  of  t h e  Lower Clark  

Fork Subarea i s  l o c a t e d  i n  Montana; t h e  remaining 2  p e r c e n t  

is  i n  Idaho. This  s tudy  determined i r r i g a t i o n  energy and 

water d a t a  f o r  Washington, Oregon and Idaho.  The re fo re ,  

'only a  f r a c t i o n  o f  t h e  d ra inage  b a s i n  i s ' i n c l u d e d . .  Within 

t h i s  s t u d y ' s  r eg ion  ( Idaho p o r t i o n )  t h e r e  i s  no e x i s t i n g  

i r r i g a t e d  acreage .  



Kootenai subarea 

The Kootenai Subarea encompasses t h e  e n t i r e  Kootenai 

River dra inage  a r e a  i n  Idaho and Montana. Seventy-seven 

pe rcen t  of t h i s  subarea i s  loca ted  i n  Montana, 23 pe rcen t  i n  

Idaho. - A S  i n d i c a t e d  above, only t h e  Idaho i r r i g a t e d  acreage 

i s  included i n  t h i s  s tudy.  

Table 3 lists i r r i g a t i o n  energy and water  requirements 

dur ing  t h e  1975 season.  his subarea i r r i g a t e d  only 1,000 

acres , .  Seventy-three pe rcen t  of t h e  subarea (727 a c r e s )  

conta ined  hay and pas tu re .  I n  a d d i t i o n ,  l i m i t e d  acreages of 

corn ,  vege tab les ,  f r u i t s ,  n u t s ,  b e r r i e s  and po ta toes  were 

i r r i g a t e d  i n  1975. 

The subarea had 1,633 ac re - fee t  of water  app l i ed  and con- 

sumed'595.6 MWH of e l e c t r i c i t y  f o r  i r r . i g a t i o n  in .1975 .  Corre- 

sponding engineer ing  design requirements were 1,966 a c r e - f e e t  of 

water  and 724.8 MWH o f , e l e c t r i c i t y .  Since a l l  water  was 

obta ined  from s u r f a c e  sources .with average on-farm pumping 

l i f t s  of 25  f e e t ,  t he  per  ac re  energy requirements were 

q u i t e  low ' r e l a t i v e  t o  o t h e r  subareas  i n  t h i s  s tudy.  

I r r i g a t i o n  systems were l i m i t e d  t o  hand move, 808 a c r e s ,  and 

b ig  gun, 192 ac res .  



T ~ b l e  3. 1975 w a t e r  requ i rements  and energy consumption of i r r i g a t i o n  i n  t h e  Kootenai  Subarea. 

1975 Requirements  ' I Design ~ e ~ u i r e m e n t s ~  

Crop 

. ~ a y  and p a s t u r e  
. . 

Corn 
Vege tab les  
F r u i t s ,  n u t s  Er, b e r r i e s  
P o t a t o e s  

Acres  
I r r i g a t e d  

On-farm s u b t o t a l  1,000 1 9 . 6 ~  595.6 KWH/ac4 595.6 ~ W t l / a c ~  

. ' . Energy consumed1 

Water Ground- S u r f a c e  
Appl ied w a t e r  .Water 

(ac-iri/a'c) (KWHlac) (KWH/ac) 

T o t a l  

Energy Consumed ' 
Water Ground- Sur f  a c e  

Appl ied  w a t e r  Water 
( a c - i n l a c )  (KWH/ac) (KWH/ac) 

Pumping d i v e r s i o n  -- - - - - 

l100% of t h e  w a t e r  was s u p p l i e d  by . s u r f a c e  s o u r c e s  w i t h  average  on-farm pumping l i f t s  of 25 f e e t .  
2 \ ra lues  r e p r e s e n t  t h e  engineer in.^ s i z i n g  of w a t e r  and e n e r g y . r e q u i r e d  t o  p r o v i d e  a c rop  8 y e a r s  .out  
of 10.  

3 ~ v e r a g e  w a t e r  consumed f o r  a l l  Zrops i n  ' subreg ion .  
' ( ~ v e r a ~ e  e n e r g y .  r e q u i r e d  f o r  a l l  c r o p s  and w a t e r  sour'ces i n  subarea .  

- - -- - - 



SUBREGION 2  

Upper Columbia 

This  sub reg ion  l i e s  complete ly  w i t h i n  t h e  n o r t h - c e n t r a l  

r eg ion  o f  t h e  s ta te  o f  Washington. The r e g i o n ' s  boundar ies  

i n c l u d e  t h e  U.S.-Canadian bo rde r  on t h e  n o r t h ;  remaining 

boundar ies  form a  l i n e  connec t ing  t h e  t r i b u t a r y  d ra inage  o f  

t h e  Columbia River  upstream from t h e  Snake River  exc lud ing  

t h e  Yakima and Spokane Rivers .  

Th i s  sub reg ion  i s  p a r t i t i o n e d  i n t o  t h e  fo l lowing  f o u r  

suba reas  : Methow Okanogan, Fe r ry  S t e v e n s , .  Big Bend, and 

Wenatchee E n t i a t  Chelan,  as shown i n  F igu re  3. The subreg ion  . . . ' .  

con ta ined  767,400 acres o f  i r r i g a t i o n  i n  1975 on which 3,143,717 

a c r e - f e e t  of wa te r  were a p p l i e d  and 2,075,173 MWH.of e l e c t r i c i t y  

consumed. Engineer ing  des ign  requirements  f o r  1975 w e r e  3,082.,944 

a c r e - f e e t  o f  w a t e r  and 1,987,488 MWH of e l e c t r i c i t y .  Though . '. 

1975 was a  w e t t e r  t h a n  average c l i m a t i c  y e a r ,  a c t u a l  wate r  

, . and energy u t i l i z a t i o n  w e r e  1.03 p e r c e n t  of t h e  e n g i n e e r i n g  

des ign  requi rements .  . This  c o n d i t i o n  p r i m a r i l y  r e s u l t e d  from : 
, : 

o v e r - i r r i g a t i o n  o f . some  crops  i n  t h e  Big Bend and F e r r y  

Stevens  Subareas .  

Of t h e  t o t a l  i r r i g a t e d  acreage  i n  t h e  subreg ion ,  90 

p e r c e n t  was con ta ined  i n  Big Bend Subarea.  In a d d i t i o n ,  hay 

and p a s t u r e  w e r e  t h e  predominant i r r i g a t e d  c rop  w i t h  224,396 

a c r e s  (30 p e r c e n t  of  t o t a l )  . Uther i r r i g a t e d  c rops  inc luded  

s m a l l  g r a i n s ,  p o t a t o e s ,  suga r  b e e t s ,  f i e l d  corn ,  v e g e t a b l e s ,  

d ry  bcanti a r ~ d  peas,  grass seeds and o rcha rds .  The r e q i o n ' s  

i r r i g a t i o n  system t y p e s  and t h e i r  cor responding  ac reages  

w e r e :  s i d e  r o l l ,  275,693 a c r e s ;  g rav iky ,  244,667 a c r e s ;  

c e n t e r  p i v o t ,  1 3 2 , 2 0 0  a c r e s ;  handmove,  72,240 a c r e s ;  s o l i d  s e t  
. . 

and ~ e r m a n e n ~ ,  40,000 acres; b i g  gun, 1,700 a c r e s ;  and d r i p ,  

900 acres. 



Figure  ' 3 .  Map o f  Subregion 2 c o n t a i n i n g  Methow Okanogan, 
Fe r ry  S tevens ,  Big Bend, and Wenatchee E n t i a t  
Chelan Subareas.  

'Fez ry S t  e've'n's' 'Sub are a 

Fe r ry  Stevens  Subarea i s  l o c a t e d  w i t h i n  t h e  n o r t h e a s t e r n  

s e c t i o n  o f .  t h i s  subreg ion .  The area c o n t a i n s  a l 1 , o f  Fe r ry  

County and p o r t i o n s  of  Stevens  and Pend O r e i l l e  Count ies .  

Seve ra l  r i v e r s ,  i n c l u d i n g  K e t t l e ,  Sanpoi.1, C o l v i l l e  and t h e  

Columbia, a r e  l o c a t e d  w i t h i n  t h e  subreg ion .  



I r r i g a t i o n  water  -and energy requirements a r e  l i s t e d  

i n  Table 4 .  The subarea contained only 19,000 i r r i g a t e d  . ' 

a c r e s .  Of t h i s  t o t a l ,  1 6 , 9 9 2 ,  a c r e s .  (89 pe rcen t )  contained 

hay and pas tu re .  In  add i t ion ,  1,985 a c r e s  of  g r a i n  . . and 

23 a c r e s  of f r u i t ,  nu t s  and b e r r i e s  were i r r i g a t e d .  
* 

Approximately 68,400 ac re - fee t  of water  were app l i ed  and 

36,478.1 MWH of e l e c t r i c i t y  were consumed i n  1975. Corresponding 

engineer ing  design requirements were 63,017 a c r e - f e e t  of 
. . water and 33,468 MWH of e l e c t r i c i t y .  A l l  crops i n  t h i s  

subarea were o v e r - i r r i g a t e d  relative, to engineer ing  des ign  

requirements.  That i s ,  optimum product ion could probably be 

achieved wi th  less water u t i l i z a t i o n  s i n c e  1975 was a  wetter . . 

than  average year .  About 9 4 . 7  pe rcen t  of t h e  i r r i g a t i o n  

water  was suppl ied  by s u r f a c e  sources  wi th  on-farm average , . , . .  

pumping l i f t s  of 50 f e e t  and t h e  remaining 5.3 pe rcen t  

from groundwater with average l i f t s  of 300 f e e t .  I n  add i t ion ,  

pump d i v e r s i o n s  l i f t e d  46,818 a c r e - f e e t  of water  75 f e e t  t o  : 

s u r f a c e  sources  by small  i r r i g a t i o n  p r o j e c t s .  Hand move and 

s i d e  r o l l  were t h e ,  only two system types  used i n  t h e  sub- 
' 

' ,  

. . a r e a ;  , t h e i r  corresponding 'acreages were 12,500 and 6,500 . . 

a c r e s ,  r e spec t ive ly .  
. . 

. 'Big Be'nd Subarea 

Thi's.subarea d e r i v e s  i t s  name from t h e  b i g  bend i n  t h e  

Columbia River which forms the a r e a ' s  nor thern  and western 
boundaries i n  c e n t r a l  Washington. The Big Bend Subarea 

con ta ins  a l l  of Grant and Douglas .Counties, almost a l 1 , o f  

F rank l in ,  Lincoln and Adams Counties and p a r t s  of Spokane 

and K i t t i t a s  Counties.  This reg ion  i s  r e l a t i v e l y  high and 

f l a t .  



Table 4. 1975 water  requirements  and energy consumption f o r  i r r i g a t i o n  i n  t h e  Fe r ry  Stevens Subarea. 

l 9 4 . 7 ~  of t h e  water  was s u p p l i e d  by s u r f a c e  sources  wi th  average  on-farm pumping l i f t s  of 50 f e e t  
and t h e  remaining 5.3% from groundwater wi th  average l i f t s  of 300 f e e t .  

2 ~ a l u e s  r ep re sen t  t h e  engineer ing  s i z i n g  of water and energy requi red  t o  provide a crop 8 yea r s  o u t  
of 10: 

Design ~ e ~ u i r e m e n t s '  

Energy consumed1 

Water   round- Sur face  
Applied wa te r  Water 

(ac- in/=)  ( m / a c )  . (KWHIac) 
- 

42.3 3,236.5 1,464.0 
18.5 . 1,422.7 647.5 

. 44.5 3,165.0 1,426.0 

39.83 1,466.4 KWH/ac4 

43,133 ac - f t  5,606.0 MWH 

39.83. 1,761.5 KWH/ac4 

- -  - 

3hverage water  consumed for' a l l  c rops  i n  subregion.  
4kverage energy r equ i r ed  f o r  a l l  c rops  and water  sources  i n  subarea.  

1975 Requirements 

Energy Consumed1 

. Water Ground- Surf a c e  
Applied. . water  Water 

(ac- inlac)  (KWHIac) (KWH/ac) 

45.2 3,475.0 1,571.0 
26.5 2,039.1 928.1 
43.0 3,279.4 1,477.5 

'43.23 1,599.6 KWH/ac4 

46,818 a c - f t  6,08419, MWH 

43.23 1,919.9 .KlJI-I/ac4 

. . 
. . 

Crop. 

Hay and p a s t u r e  
G r  a i n  
F r u i t s ,  n u t s  d b e r r i e s  

on- fa& s u b t o t a l  

Pumping d i v e r s i o n  

T o t a l  

Acres - 

I r r i g a t e d  

16,992 
1,985 

23 

19,000 

-- 

19,  COO 



I r r i g a t i o n  w a t e r  a p p l i c a t i o n s  and energy requi rements  

a r e  shown i n  Table  5 f o r  t h e  Big   end Subarea .  A t o t a l  o f  

692,400 a c r e s  w e r e  i r r i g a t e d  i n  1975. Small g r a i n s  had 

200,185 a c r e s  under i r r i g a t i o n ;  hay and p a s t u r e ,  196,518 

acres; s u g a r  b e e t s ,  59,890 a c r e s ;  d ry  beans  and peas ,  58,705 

acres; and p o t a t o e s ,  40,915 acres. I n  a d d i t i o n ,  ac reages  of  

f i e l d  corn,, v e g e t a b l e s ,  legume s e e d ,  f r u i t s ,  n u t s  and 

b e r r i e s  were a l s o  i r r i g a t e d .  

The 692,400 i r r i g a t e d  a c r e s  had 2,798,450 a c r e - f e e t  of  w a t e r  

a p p l i e d  and 1,8'79,935 MWH of e l e c t r i c i l y  c u l ~ s u i n e d  i n  1975,  

Corresponding e n g i n e e r i n g  des ign  requi rements  were 2,729,210 

a c r e - f e e t  of  water and 1, /87,638 PlZWH ul e l e c t r i c i t y .  

Seve ra l  of t h e  c rops  a c t u a l l y  used more w a t e r ,  and sub- 

s e q u e n t l y  energy,  t h a n  t h a t  necessary  f o r  optimum p roduc t ion .  

These o v e r - u t i l i z a t i o n s  r e s u l t e d  i n  a c t u a l  consumptions 

g r e a t e r  t han  e n g i n e e r i n g  des ign  requi rements ,  though 1975 

w a s  a w e t t e r  t han  normal y e a r .  

I n  t h i s  s u b a r e a ,  78.5 p e r c e n t  of t h e  i r r i g a t i o n  w a t e ~  

w a s  s u p p l i e d  from s u r f a c e  sou rces  w i t h  average  on-farm 

pumping l i f t s  of 5 f e e t  and t h e  remaining 21.5 p e r c e n t  LL~SISI 

groundwater w i t h  average l i f t s  o f  340 f e e t .  In a d d i t i o n ,  

Grand Coulee Dam d i v e r t e d  2,140,000 a c r e - f e e t  01 water  w i t h  

average  l i f t s  o f  285 f e e t  f o r  use  by s u r f a c e  sou rces ;  

818,919 a c r e - f e e t  of wate r  were reused  by i n t e r c e p t i n g  r e t u r n  

f lows and l i f t i n g  t h e  w a t e r  179 f e e t  t o  f i e l d  s u r f a c e s .  

Seven major i r r i g a t i o n  system types  were used i n  t h i s  

subarea. Their types and ac reaqes  a r e  a s  fo l lows:  262,233 

acres, s i d e  r o l l ;  244,667 a c r e s ,  g r a v i t y ;  132,000 acres, 

c e n t e r  p i v o t ;  40,000 a c r e s ,  hand move; 10,000 a c r e s ,  s o l i d  

se t ;  2,000 acres; permanent;,  and 1,500 acres, b i g  gun. 



Table 5. 1975 water  requirements  and energy consumption of i r r i g a t i o n  i n  t h e  Big Bend Subarea. 

l78.5% of  t h e  water  was suppl ied  by s u r f a c e  sources  w i th  average on-farm pumping. l i f t s  of 5 f e e t  and 
t h e  remaining 21.5% from groundwater wi th  average l i f t s  of 340 f e e t .  

Wa lues .  r ep re sen t  t h e  engineer ing  s i z i n g  of ,water  and energy r equ i r ed  t o  provide a crop 8 yea r s  ou t  
'of 10. 

3 ~ v e r a g e  water  consumed f o r  a l l  crops i n . s u b r e g i o n .  
LcAverage energy requi red  f o r  a l l  c rops  and water  sources  i n  subarea.  

Design ~ e ~ u i r e m e n t s ~  

Energy consumed' 

Water Ground- Su r f ace  
Applied water Water 

(ac- in /a f )  (KWH/ac) ( m / a c )  

65.9 4,802.8 920.3 
18.4 1,522,O 464.3 
38.9 3,352.4 1,107.2 
59.9 4,576.2 1,066.2 
40.1 2,938.4 576.2 
60.6 3,204.2 92.6 
54.6 3,612.2 372.2 
64.2 4,576.0 777.7 
89.5 6,214.1 646.5 
55.5 3,996.1 716.2.  

. . 

47.33 1,232.7 K W H / ~ C ~  

2,811,671 ac-f t 934,14 8.67 MJH 

. . 
. . 

. . 

' 47.33. 2,581.8 K W H / ~ C ~  

. .197'5 Requirements 

. . 
Energy consumed1 

Water ' Ground- Su r f ace  
Applied water  Water 

(ac- in lac)  (KWH/ac) (KWH/ac) 

62.6 4,655.3 893.5 
25.3 2,052.2 630.5 
40.9 3,488.4 1,155.6 
58.8 4,510.3 1,054.0 
50.1 3,862.9 757.5 
54.6 3,349.1 96.8 
49.9 3,436.2 354.1 
63.2 4,609.6 783.4 
81.7 5,672.6 590.2 
56.0 4,121.8 738.8 

48.53 1,331.7 K W H / ~ C ~  

2,883,003 f t - ac  957,848 MWH 

48. 5 3  2,715.1 KldH/ac4 

Crop 

Hay and p a s t u r e  
Grain 
Po ta toes  
S . ~ g a r  b e e t s , .  sugar  
Dry beans and peas  
~ i e l d  corn  
Vegetables  
Legume seed 
F r u i t s ,  n u t s  O b e r r i e s  
~nenumer  a ted  

On-farm s u b t o t a l  . ' 

Pumping d i v e r s i o n  

T o t a l  

Acres 
I r r i g a t e d  

196,518 
200,185 

40,915 
59,915 
58,705 
26.266 
32,021 
20,618 
21,880 
35,402 

692,400 

-- 

692,400 



M e  thow Okanogan Subarea 

This  suba rea  l ies  w i t h i n  t h e  nor thwes te rn  po r t i on ,  of  

t h e  sub reg ion  and c o n t a i n s  t h e  Methow ' and Okanogan River  

b a s i n s . .  The Methow River d r a i n s  t h e  e a s t e r n  s l o p e s  of  t h e  

Cascade- Range w i t h  t h r e e  major t r i b u t a r i , e s ,  L o s t  R ive r ,  

Chewack River and t h e  W i s p  River .  , The Okanogan River and 

i t s  main t r i b u t a r y ,  t h e  Sirnilkameen R ive r ,  o b t a i n  approxi-  

mately  70 p e r c e n t  of  t h e i r  runof f  from Canada. 

I r r i g a t i o n  energy and wate r  d a t a  f o r  t h e  M e t h o w  Okanogan 

Subarea a r e  l i s t e d  i n  Table 6. The suba rea  i r r i g a t e d  26,000 ' ,  
. . 

a c r e s  c o n t a i n i n g  16,704 a c r e s - o f ' o r c h a r d s ,  8 ,906 a c r e s  o f  

hay and p a s t u r e ,  p l u s  l i m i t e d  acreage  i n  sma l l  g r a i n s  and 

f i e l d  c rops .  The 26,000 acres had '117,867 a c r e - f e e t ,  of  wa te r  

a p p l i e d  and used 58,305 MWH of  e l e c t r i c i t y  i n  1975. CBrresponding 

gng inee r ing  d e s i g n  requi rements  were 126,967 a c r e - f e e t  of  

wa te r  and 62,860 MWH of  e l e c t r i c i t y .  A 1 4  of  t h e  water w a s  . . 

o b t a i n e d  from s u r f a c e  sou rces  w i t h  average on-farm pumping . 

l i f t s  o f  75 f e e t .  . I n  a d d i t i o n ,  two Bureau o f  Reclamation 
. . 

p r o j e c t s  d e l i v e r e d  19 ,908  a c r e - f e e t  o f  wate r  t o  f a r m '  s i tes  

by l i f t i n g  wate r  138 f e e t .  The i r r i g a t i o n  system t y p e s  and 

- t h e i r '  cor responding  acreages  w e r e  as . fo l lows  : hand move, 

10,000 a c r e s ;  s o l i d  s e t ,  10,000 a c r e s :  s i d e  r o l l ,  5 , 3 0 0  a c r e s :  ' 

d r i p ,  300  a c r e s ;  b i g  gun. 200 a c r e s :  and c e n t e r  p i v o t ,  200 a c r e s .  

Weliatche'e E n t i a t  Chelan Suharea 

Lying i n  t h e  wes te rn  s e c t i o n  o f  t h e  subreg ion ,  t h i s  

suba rea  c o n t a i n s  t h r e e  r i v e r  b a s i n s  -- t h e  Wenatchee, 

Chelan,  and E n t i a t  Rivers  -- which d r a i n  i n t o  t h e  Columbia 

River .  These rivers d r a i n  t h e  e a s t e r n  s l o p e s  o f  t h e  Cascade 

Mountains i n  c e n t r a l  Washington. 



Table 6. 1975 water requirements  and energy.consumption f o r  i r r i g a t i o n  i n  t h e  Methow Okanogan Subarea. 

Crop 

1975 Requirements Design ~ e ~ u i r e m e n t s  * 
Energy consumed1 ' Energy consumed1 

Hay and p a s t u r e  
Grain 
~ i e l c l  c rops  
.Orchard 

Acrea 
I r r i g a t e d  

. Water Ground- Surf a c e  
Applied water  Water 

( ac - in l ac )  (KW~lac)  . (MJHlac) 

W 
I-' 

On-farn s u b t o t a l  

Pumping d i v e r s i o n  

1100% of t h e  water  was suppl ied  from s u r f a c e  sources  wi th  on-farm average l i f t s  of 75 f e e t .  

Water Ground- Surf a c e  
Applied water Water 

(ac- in lac)  ( w / a c )  (KWH/ac) 

Total 
. . 

- 

Z ~ a l u e s  r ep re sen t  t h e  engineer ing  s i z i n g  o f ' w a t e r  and energy r equ i r ed  t o  provide a crop 8 yea r s  ou t  
0: 10. 

26, OOC 

-- 

3 ~ v e r a g e  water consumed f o r  a l l  c rops  i n  subregion;  
4 ~ v e r a g e  energy requi red  f o r  a l l  c rops  and water  sources  i n  subarea.  

26, OOC 

54.43 207 K W H / ~ C ~  

19,908 ac-f t, 4,328 MWH 

58;63 -- 2,235.4 KWH/ac4 

21,445 a c - f t  4,662.2 rvlWH 
. . 

, 54.43 2,242.5 KWH/ac4 58.63 2,417.7 K ~ J H / ~ C ~  



Water a p p l i c a t i o n s  and energy "consumption f o r  i r r i g a t i o n  

i n  t h i s  suba rea  are d i s p l a y e d .  i n  Table 7. A t o t a l  o f  30,000 

a c r e s  w a s  under i r r i g a t i o n  i n  1975 c o n t a i n i n g  27,860 a c r e s  

(93 p e r c e n t )  of f r u i t s ,  n u t s  and b e r r i e s .  The suba rea  a l s o  

i r r i g a t e d  a  l i m i t e d  amount o f  hay, p a s t u r e , a n d  sma l l  g r a i n s .  

The 30,000 acres had 159,000 a c r e - f e e t  of w a t e r  a p p l i e d  and 

consumed 100,455 MWH o f  e l e c t r i c i t y '  i n  1975. ~ n g i n e e r i n ~  design-  

va lues  f o r  1975 w e r e  163,750 a c r e - f e e t  of  water and 103,521 

MWH of e l e c t r i c i t y .  Two Bureau o f  Reclamation p r o j e c t s  

l i f t e d  31,047 a c r e - f e e t  o f  wa te r  314 f e e t  t o  f i e l d  e l e v a t i o n s .  

The remaining wa te r  requi rements  w e r e  o b t a i n e d  from i n d i -  

v idua l  farmer-owned pumps l i f t i n g  3.14 f e e t .  Energy v a l u e s  

r e p o r t e d  i n  Table  7  have t h e r e f o r e  i n c o r p o r a t e d  t h e  d i v e r s i o n  

pumping energy i n t o  on-farm v a l u e s .  P r e s s u r i z e d  i r r i g a t i o n  

systems dominated the suba rea ,  spec i f i ca l1 .y :  18,000 a c r e s  

of  permanent; 9,740 a c r e s  o f  hand move; 1,660 acres .of s i d e  

. r o l l ;  and 600 acres o f  d r i p .  



Table 7. 1975 water requirements  and energy consumption f o r  i r r i g a t i o n  i n  t h e  Wenatchee E n t i a t  
Chelan Subarea. 

Pumping d i v e r s i o n  

Design ~ e ~ u i r e m e n t s  

Energy Consumed ' 
Water Ground- Surf a c e  

Applied water  Water 
( ac - in l ac )  . ( ~ W a c )  i lac) 

45.1 -- 2,381.3 
27.7 -- 1,462.6 
67.2 -- 3,538.2 

. . 

W 
w On-farm s u b t o t a l  

1975 Requirements 

Energy Consumed1 

Water Ground- Surf a c e  
. App.lied water  water  
(ac-in'lbc) (KWH/ac) (KWH/ac) 

'36.8 - - 1,943.0 
28.0 -- 1,478.4 
65.7 - - 3,459.2. 

Crop 
. - 

. . .  Hay and p a s t u r e  
Grain 

. . F r u i t s ,  n u t s  and b e r r i e s  

' '100% of t h e  water  was suppl ied  by s u r f a c e  sources  w i th  average on-farm l i f t s  of 314 f e e t .  . . 
2 ~ a l u e s  r ep re sen t  t h e  engineer ing  s i z i n g  of water and energy r equ i r ed  t o  provide a crop 8 yea r s  ou t  
of 10. . 

3 ~ v e r a g e  water  consumed f o r  a l l  c rops  i n  subregion.  
4 ~ v e r a g e  'energy r equ i r ed  f o r  a l l  crops and water sources .  i n  subarea.  
5'Ihis amount of energy was a l r eady  incorpora ted  i n t o  t h e  KWH/acre va lue .  

Acres 
I r r i g a t e d  

1,980 
160 . 

27,860 . 

30,000 

T o t a l  

63.63 '3,348.5 ICwl-I/ac4 65.53 ' , 3,450.7 K W H / ~ C ~  

65.53 3,450.7 KWH/.ac4 

1 

30,000 63. 63  3,348.5 K W H / ~ C ~  



SUBREGION 3  

Yakima ' 

The Yakima Subregion i s  l o c a t e d  i n  s o u t h - c e n t r a l  

,Washington and cove r s  an area of  approximately  6,000 s q u a r e  . 

m i l e s .  The a r e a  (see F igu re  4 )  i s  ' roughly t r i a n g u l a r  and . ' 

i n c l u d e s  K i t t i t a s ,  Yakima and Benton Count ies .  The . . r e g i o n  

c o n t a i n s  Cascade Mountains, Wenatchee Mountains, Horse 

Heaven H i l l s  and Ra t t l e snake  H i l l s ;  topography i s  charac-  

t e r i z e d  by long  h i l l y  r i d g e s  which ex tend  eas tward  from t h e  

Cascades and e n c i r c l e  f l a t  v a l l e y  a r e a s .  

The sub reg ion  i s  d ra ined  by t h e  Yakima River  and i t s  

t r i b u t a r i e s ,  which i n c l u d e  t h e  C l e  Elum, K a c h e s s , . ~ a c h e s  and 

Teanaway Rivers,.  The Yakima River. starts nea r  t h e  crest  o f  
. .  . 

t h e  Cascade Range, n o r t h e a s t  o f  M t .  R a i n i e r ,  and f lows 

i n  a g e n e r a l l y  sou theas  t e r n  d i r e c t i o n  f o r  approximately  180 

miles t o  t h e  Columbia River nea r  Richland.  ' The Yakima i s  

: t h e  l a r g e s t  s i n g l e  river system which i s  l o c a t e d  complete ly  

w i t h i n  t h e  s t a t e  o f '  Washington. 

Y.dkilild is a majoi- ayr icu1l ;u ra l  a r e a  which i s  dependent 

upon' i r r i g a t i o n .  The 1975 water and energy consumption f o r  

i r r i g a t i o n  i n  t h e  Yakima Subregion i s  p r e s e n t e d  i n  Table  8. 

'The subreg ion  i r r i g a t e d  526,000 a c r e s ,  i n c l u d i n g  255,727 

a c r e s  o f  hay and p a s t u r e .  I n  a d d i t i o n  to t r a d i t i o n a l  c rops ,  

a wide spectrum of  s p e c i a l i z e d  c rops  w a s  grown and irri- 

ga ted .  

The sub reg ion  a p p l i e d  2.,893,000 a c r e - f e e t  o f  wate r  .and con- . 

sumed 323,437.4 MWH of  e l e c t r i c i t y  t o  i r r i g a t e  a l l  c rops  i n  1975. 

Engineer ing des ign  requirements  f o r  1975 w e r e  about .  2,621,233 

a c r e - f e e t  o f  water and 294,891.6 MWH o f  e l e c t r i c i t y .  

On-farm pumpi ng l i f t s  averaged 250 f e e t  f o r  groundwater and 



, '  Figure  4 .  Map of Subregion 3 c o n t a i n i n g  Yakima River  Basin.  

1 0  f e e t -  f o r  s u r f a c e  . sources  .' Of t h e  ,526,000 ac re s '  i n  t h e  . 

subreg ion ,  398,165 acres r ece ived  water from Bureau o f  

Reclamation p r o j e c t s .  0 f . t h e  t o t a l  wate r  d i v e r t e d  by t h e s e  

p r o j e c t s ,  125,000 a c r e - f e e t  o f  wa te r  were l i f t e d  .200 f e e t  . t o  

on-farm e l e v a t i o n s .  Gravi ty  i r r i g a t i o n  systems predominated 
. . . . 



Table 8.  1975 watEr requirements  and energy c'onsumption f o r  i r r i g a t i o n  ic Yakima Subregion. 

Crop 

Hay and pEs ture  
Grain 
F r u i t s ,  n u t s  & b e r r i e s  
Vegetables  . 

Mint, hops & d i l l  
Sugar b e e t s ,  sugar  

W 
cn Po ta toes  

Legume seeds  
Dry ' beans 

1975 Requirements 

Energy consumed1 

On-farm s u b t o t a l  1 526,000 1 6 6 . 0 ~  544.8 KwII/ac4 1 '59.83 497.1 KWH/ac4 

Design ~erqui rements  

Energy Consumed ' 

Acres 
I r r i g a t e d  

Pumping d i v e r s i o n  I -- 1 125,000 a c - f t  36,882 MWH 

Water Ground- Surf a c e  
Applied water  Water 

. ( ac - in l ac )  (KWH/ac) (KWH/ac) 

1 113,258 a c - f t  33,417 MWH' 

Watzr Ground- Surf a c e  
Applied water  Water 

( a - i c  ( K W H / ~ C )  ( K W H / ~ C )  

T o t a l  1 526,000 1 6 6 . 0 ~  .,614.9 'KWH/ac4 1 59.83 560.6 KWH/ac4 

l94.8% of t h e  water  was supp l i ed  by s u r f a c e  sources  wi th  average  o n - f ~ r m  puniping l i f t s  of 10 f e e t  and 
t h e  remaining 5.2% from groundwater wi th  averag? l i f t s  of 250 f e e t ,  

2 ~ a l u e s  r e p r e s e n t  t h e  engineer ing  s i z i n g  of water  and energy requi red  t o  provide a  crop 8 yea r s  ou t  
of 10. . . 

3 ~ v e r a g e  water consumed f o r  a21 crops  i n  subregion.'.  
'Average energy requi red  f ~ r  s l l  crops  and. water  sources  i n  subregion.  



i n  t h i s  s u b r e g i o n ,  w i t h  3 9 8 , 7 0 0  acres. O t h e r  s y s t e m s  a n d  

t h e i r  acreages w e r e  as f o l l o w s :  55:,000 acres of p e r m a n e n t ;  

4 3 , 7 9 2  acres of side r o l l ;  2 2 , 1 0 8  acres of h a n d  move; 3 , 0 0 0  

acres of s o l i d  set;  2 , 4 0 0  acres of c e n t e r  p i v o t ;  a n d  1 , 0 0 0  

acres of d r ip .  -. . - 

. .- 



SUBREGION 4 

Upper Snake 

Subregion 4 covers  approximately  80 p e r c e n t  o f ' t h e  

upper Snake River d ra inage  basin--an a r e a  o f  n e a r l y  36,000 

s q u a r e  m i l e s .  The remaining 20 p e r c e n t  i s  ' l oca t ed  i n  

Wyoming, Nevada and Utah,  which a r e  o u t s i d e  of  t h i s  

s t u d y ' s  r eg ion .  This  broad Snake River  P l a t e a u  is  surrounded 

by mountain ranges  on t h e  n o r t h ,  e a s t  and sou th .  The Snake 

River  o r i g i n a t e s  i n  Yellowstone Nat iona l  Park and f lows more 

t h a n  SUO m i l e s  b e f o r e  l e a v i n g  t h e . s u b r e g i o n  a t  King H i l l ,  

Idaho.  The r i v e r ' s  major t r i b u t a r i e s  i n c l u d e  Buf fa lo  

Fork, Hoback, ' Gros Ventre ,  S a l t ,  Teton,  Greys, Henrys Fork,  

Blackfoot ,  Por tneuf  and Big Wood Rivers .  
. . 

This  sub reg ion ,  shown i n  F igu re  5, i s  p a r t i t i o n e d  i n t o '  

t h e  fo l lowing  s i x  suba reas :  W e s t  S ide ,  Neely Mi lner ,  

Northern Streams,  Heise Neely, Henrys Fork and South Fork. . , ' . 

A l l  s u b a r e a s  i n  t h i s  subreg ion  conta ined  i r r i g a t e d  c rops  

which t o t a l e d  2,542,700 acres - - the  g r e a t e s t  i r r i g a t e d  
. . 

ac reage  of . a l l  subreg ions .  I n  f a c t ,  one s u b a r e a - - ~ e i s e  

~ e e l y - - i r r i g a t e d  . . over  . . 800,000 acres. 

~ p p r o x i m a t e l y  6,839,114 a c r e - f e e t  of  wate r  w e r e  a p p l i e d  and 

1,490,771.4 MWH of  e l e c t r i c i t y  were used i n  t h e  subrdgion f o r  i r r i -  

gation i n  1 9 7 5 .  Corresponding eng inee r ing  des ign  requi rements  w e r e  

7,666,844 a c r e - f e e t  o f  wate r  and 1,660,249.3 MWH o f  elec- 

t r i c i t y .  

Over 1,553,300 a c r e s  i n  t h e  subreg ion  were i r r i g a t e d  . 

w i t h . g r a v i t y  systems.  The remaining i r r i g a t e d  ac reages  were 

p a r t i t i o n e d  among t h e  fo l lowing  systems: 520,191 acres o f  

hand move; 262,649 acres o f  s i d e  r o l l ;  163,660 a c r e s  o f  

c e n t e r  p i v o t ;  and 42,900 a c r e s  of  s o l i d  set .  



Figure .5. Map of Subregion 4 conta in ing  West Side,  N e e 1 . y  
' . - Milner, Northern Streams, Heise Neely , Henrys Fork 

and South Fork Subareas. 

The West Side Subarea i s  found i n  t h e  western corner  of 

t h e  ' subregion , and - includes t h e  t r i b u t a r y  drainage a r e a  i n t o  

t h e  Snake River between Milner Dam and King H i l l .   h he : 
major i ty  of Twin Falls;.~Goodiny, Blaine,  Jerome, Lincoln,  



and Camas Count ies  are conta ined  i n  t h i s  suba rea ;  t h e  

wes te rn  edge o f  E l m o r e  County and t h e  e a s t e r n  co rne r  o f  

Cass i a  County are a l s o  inc luded .  .Approximately 17 p e r c e n t  

o f  t h e  suba rea  i s  l o c a t e d  i n  n o r t h e r n  Nevada and i s  n o t  

a p p l i c a b l e  t o  t h i s  s tudy .  

Table 9  l i s t s  t h e  1975 energy and water requi rements  

f o r  i r r i g a t i o n  i n  W e s t  S ide  Subarea.  . A  t o t a l  o f  694,000 

acres w a s  under i r r i g a t i o n .  Hay and pas . tu re  were t h e  

l a r g e s t  i r r i g a t e d . a c r e a g e  w i t h  317,077 acres. I n  a d d i t i o n ,  

major ac reages  of  d r i e d  beans and peas  (133 ,610  acres) ,  

s m a l l  g r a i n s  (130,649 a c r e s )  , p o t a t o e s  (40,500 a c r e s )  , f i e l d  

corn  (30,528 a c r e s ) ,  suga r  b e e t s  (23,510 a c r e s ) ,  and vege- 

t a b l e  s e e d s  (15' ,112 a c r e s )  . 

The 694,000 acres r equ i r ed  a p p l i c a t i o n  o f  2,006,817 a c r e - f e e t  

of  w a t e r  wh i l e  consuming 191,311.2 MWH o f  e l e c t r i c i t y . .  Eng inee r ing '  

d e s i g n  requi rements  w e r e  2,267,067 a c r e - f e e t . . o f  wate r  and 216,215.0 . ' 

MWH of  e l e c t r i c i t y .  Su r f ace  sou rces  s u p p l i e d  t h e  predominant 

(87.5 p e r c e n t )  amount of  water t o  t h i s .  suba rea ;  on-farm 

pumping . l i f t s  averaged on ly  .6 f e e t .  The remaining 11.5 

percent of t h e  water was ob ta ined  from groundwater w i t h 2 0 0  

f e e t  average l i f t s .  L a s t l y ,  t h i s  subarea  conta ined  bo th  

Bureau o f  ~ e c l a m a t i o n  and p r i v a t e  pumping i n s t a l l a t i o n s .  

Grav i ty  systems i r r i g a t e d  t h e  major p o r t i o n  w i t h  

524,000 a c r e s .  I n  a d d i t i o n ,  t h e  suba rea  conta ined  53,400 

a c r e s  o f  c e n t e r '  p i v o t ,  56,600 a c r e s  o f  hand move, 37,200 

acres of s i d e  r o l l ,  and 22,800 a c r e s  of s o l i d  set .  

Ne'ely 'Mil'ner Suba'rea 

This  suba rea  i n c l u d e s  t h e  r e g i o n  a d j a c e n t  t o  t h e  Snake 

River between.American F a l l s  and Milner Dam. The major 



Table 9. 1975 water  requirements  and energy consumption f o r  i r r i g a t i o n  i n  West S ide  Subarea. 

Hzy' and. pa s tu rz  
F i e ld  corn 
Dry beans and peas 

.Legume seed 
'Vegetable seed 
F r u i t ,  n u t s  and b e r r i e s  
Pota toes  
Sugar b e e t s ,  sugar  
Grain 

Crop 

1 

. . 

On-farm s u b t o t a l  694,000 

I Pumping diver 'sion 105,019 ac - f t  58,378.5 ?IWH 118,671 ac - f t  65,967.5 MWH 

Acres 
I r r i g a t e d  . 

l.37;5% of t h e  water  was suppl ied by s u r f a c e  sources  wi th  average on-farm pumping l i f t s  of 6 f e e t  
and t h e  remaining 12.5% from groundwater w i th  a v e r a g e ' l i g t s  of 200 f e e t .  . . 

2 ~ a l u e s  r ep re sen t  t h e  e n g i n e e r i n g - s i z i n g  of  water  and energy r equ i r ed  t o  provide  a crop 8 yea r s  
. . 

o u t ' o f  10. 
3~4verage water  consumed f o r  a l l  crops i n  subr.egion. 
'.!Iverage energy r equ i r ed  f o r  a l l  c rops  and .water  'sources ' i n  subarea.  

1975 Requirements 

. Energy consumed1 

Water Ground- Surf a c e  
Applied '  water  Water 

(ac- in lac)  (KWHlac) (KWH/ac) 

. . 

T o t a l  
. I / 694,000 34.13 367.2 K W H / ~ C ~  

Design ~ e ~ u i r e m e n t s ~  ' 

Energy Consumed' 

Water Ground- Surf a c e  
Applied wa te r  Water . 

(ac- in lac)  (KWH/ac) (KWH/ac) 

. . 

39.23 415.0 K W H / ~ C ~  . . 



t r i b u t a r i e s  a r e  Raf t  River and Goose Creek, l o c a t e d  i n  t h e  

sou the rn  p o r t i o n  o f  t h e  subarea.  Neely M i l n e r ' i s  composed 

o f  low mountains and broad v a l l e y s  w i t h  e s t a b l i s h e d  ' i rr i-  

ga ted  a g r i c u l t u r e  a d j a c e n t  t o  t h e  Snake River .  Most o f  t h e  

l and  t o  t h e  no r th  o f  t h e  Snake River i s  covered w i t h . l a v a  

beds. The a r e a  i n c l u d e s  most o f -  Cass ia  and Minidoka Count ies  . 

and a  p o r t i o n  o f  Bla ine  and Power Count ies .  Approxima.tely 

17.4 p e r c e n t  of  t h i s  subarea i s  l o c a t e d  i n  no r the rn  Utah and 

Nevada and i s  no t  inc luded  i n  t h i s  s tudy .  . ' 

The 1975 energy consumption and water  r e q u i r e m e n t s . f o r  

i r r i q a t i o n  i n  t h e  Neely,Milner  Subarea a r e  l i s t e d  i n  Table 

1 0 .  The subarea  i r r i g a t e d  521,000 a c r e s .  predominant ' .  

. . 
i r r i g a t e d  c rops  w e r e  hay and p a s t u r e  w i t h  200,948 a c r e s ;  

smal l  g r a i n s  on 156,480 a c r e s ;  po ta toes  i r r i g a t i n g  54,000 '. . . . '  . . 

a c r e s ;  d r i e d  beans and peas  wi th  47,580 acres; and 46,650 

a c r e s  o f .  sugar  b e e t s .  

Gravi ty  systems w i t h  328,500 a c r e s  supp l i ed  water  t o  6 3  

p e r c e n t  of t h e  t o t a l  i r r i g a t e d  acreage .  S p r i n k l e r  systems 
. . 

i r r i g a t e d  - t h e  fol l 'owing acreages  : 106,500 a c r e s  of  hand 

move; 37,500 a c r e s . o f  c e n t e r  p ivo t :  28,750 acres of  s i d e  

r o l l ;  and 19,7,50 a c r e s  of  s o l i d  se t .  
. . 

Approximately 1,558,658 a c r e - f e e t  of water  w e r e  a p p l i e d  and 

4 8 1 , 8 2 U . 8  MWH of electricity w e r e  used tu i l ~ i y d l t !  Lilt! 521,OO~ dcLtts. 

Engineer ing des ign  requirements  f o r  t h i s  corresponding 

p e r i o d  were 1,667,200 a c r e - f e e t  of water  and 515,581.6 MWH 

of e l e c t r i c i t y ,  Only 33.2  percent of t h e  i r r i g a t i o n  water  

was supp l i ed  by s u r f a c e  sources  (wi th  average on-farm l i f t s  - 

of  10 f e e t ) .  Groundwater, w i th  average l i f t s  of  250 f e e t ,  

supp l i ed  66.8 p e r c e n t  of t h e  t o t a l  water  t o  t h e  subarea.  I n  

a d d i t i o n ,  50.4 p e r c e n t  of g r a v i t y  system water  was obta ined  

from w e l l s .  



Table  10.  . I975  water requ i rements  and energy consumption f o r  i r r i g a t i o n  i n  Neely Mi lner  Subarea ,  

'32.2% of t h e  k a t e r  was s u p p l i e d  by s u r f a c e  s o u r c e s  w i t h , a v e r a g e  on-farm pumping l i f t s  of 1 0  f e e t  . . 
and t h e  remaining.  66.8% from groundwater w i t h  a v e r a g e  l i f t s  of 250 fee t . .  

2 ~ a l u e s  r e p r e s e n t  t h e  e n g i n e e r i n g  s i z i n g  0.f w a t e r  and energy r e q u i r e d  t o  p r o v i d e  a c r o p  8 . y e a r s  
o u t  ' o f  10.  

3 ~ v e r a g e  w a t e r  cbnsumed f o r  a l l  c r o p s  i n  'subregion.:  
4 ~ v e r a g e  energy r e q u i r e d  f o r  a l l  c r o p s  and w a t e r  s o u r c e s  i n  subarea .  

Design ~ e ~ u i r e m e n t s ~  

Energy Consumed1 

Water Ground- Surf  a c e  
Appl ied  w a t e r  Water 

(ac - in /ac )  (KWHlac) (KWHIac) 

48.6 1 ,495.4  220.9 
28.9 865.9 260.1  
36.3 1 ,201.5  298.5 
36.2 1 ,046.6  129 .1  
48.4 1 ,309.9  0 .0  
25.3 683.9 0 .0  
42.5 1,596.2 561.0 
49.6 1 ,344.6  0 .0  
35.9 1 ,520.9  616.1  

I 

38. 43 956.5 KWH/ac4 

203,300 a c - f t  17,203.6 MWH 

38.43 989.6 KWH/ac4 

1975 Requirements  

Energy consumed1 

Water Ground- Sur f  a c e  
Appl ied w a t e r  Water 

( a c - i n l a c )  (KWHlac) (~WHlac)  

43.3 1,391.6 206.4 
27.0 909.2 243.1 
33.9 1 ,122.9  278.9 
33.9 978.2 112.3  
45.2 1,224.2 0 .0  
23.6 639.1 0 .0  
39.7 1 ,491 .8  524.3 
46.4 1,256.7 0 .0  
33.6 1,421.4 575.9 

35.g3 894.0 ~ W H l a c ~  

190,000 a c - f t  16,071.8 MWH 

35.g3 924.8 KWH/ac4 

Crop 

Hay and p a s t u r e  
G r a i n  
F i e l d  c o r n  
Dry beans  & peas  
Legume seed  
Vege tab les  
Sugar b e e t s ,  s u g a r  
F r u i t ,  n u t s  and b e r r i e s  
P o t a t o e s  

On-farm s u b t o t a l  

Pkmping d i v e r s  i o n  

Tc.tal  

Acres  
I r r i g a t e d  

200,948 
156,  $80 

10,406 
47,580 

340 
3,974 

46,650 
122 

54,300 

521,300 

-- 

521,1300 



Northern Streams 'Subarea 

Northern Streams Subarea i s  l o c a t e d  i n  t h e  nor th-  

c e n t r a l  p o r t i o n  o f  t h e  subreg ion .  The d r a i n a g e  a r e a  i n -  

c l u d e s  Big Los t  River  Basin ,  L i t t l e  L o s t  River  Bas in  and 

s e v e r a l  c r eeks .  Almost a l l  o f  B u t t e  and Clark  Count ies  a r e  

con ta ined  i n  t h i s  subarea ;  p a r t s  of C u s t e r ,  Lemhi and 

J e f f e r s o n  Count ies  a r e  a l s o  l o c a t e d  h e r e .  T h e . n o r t h e r n  

p o r t i o n  of  t h e  area c o n t a i n s  mountain ranges  w i t h  broad  

v a l l e y s ,  w h i l e  t h e  wes te rn  s e c t i o n  has  t ree -covered  mountains; 

t h e  s o u t h e a s t e r n  p o r t i o n  c o n t a i n s  d e s e r t  range lands  w i t h  

l a v a  f lows.  Many s m a l l  s t r e a m s ,  which o r i g i n a t e  i n  t h e  

mountains,  s i n k  i n t o  t h e  l a v a  beds o f  t he  Snake P l a i n  

Aqui fe r  . 
Table  11 c o n t a i n s  t h e  1975 water  and energy r e q u i r e -  

ments f o r  t h e  Northern Streams Subarea.  The suba rea  con- 

t a i n e d  256,400 i r r i g a t e d  a c r e s  i n  1975. Hay. and p a s t u r e  

w e r e  t h e  predominant c rops  w i t h  197,539 i r r i g a t e d  acres. 

. Small g r a i n s  and, p o t a t o e s  were al'so major i r r i g a t e d  c rops  

w i t h  47;584 ahd 10,915, a c r e s ,  r e s p e c t i v e l y .  

Grav i ty  systems i r r i g a t e d  70 p e r c e n t  o f  t h e  i r r i g a t e d  

acreage  (179,400 acres),  Hand move was a l s o  a major system 

w i t h  61,008 acres (24 p e r c e n t  o f  t o t a l  i r r i g a t e d  a c r e a g e ) .  

S ide  r o l l  and c e n t e r  p i v o t  covered t h e  remaining acreage  

wi th  10,000 and 6,00U a c r e s ,  r e s p e c t i v e l y .  

Approxi..ma.t.ely 658,093. a c r e - f e e t  of: wat.er were app.l.li..ecl and 

180,249.2 MWH of  e l e c t r i c i t y  w e r e  consumed on t h e  '256,-400 'acres 
i n  1975. mr re spond ing  eng inee r ing  des ign  requirements  f o r .  

1975 were,715,783 a c r e - f e e t  o f  wate r  and 196,479.3 MWH o f  

e l e c t r i c i t y . .  Groundwater, wi th  200 f e e t  average l i f t s ,  

supp l i ed  56.7 p e r c e n t  o f  t h e  i r r i g a t i o n  wate r ;  t h e  remaining 

43.3 p e r c e n t  w a s  ob t a ined  from s u r f a c e  sou rces  w i t h  average 

on-farm l i f t s  of  '10 f e e t .  . . 



Table 11.. 1975 water  requirements  and energy consumption f o r  i r r i g a t i o n  i n  t h e  Northern Streams Subarea.  

'43.3% of t h e  water  was suppl ied  by s u r f a c e  sources  wi th  average on-farm pumping l i f t s  of 10 f e e t  and 
. 

t h e  remaining. 56.7% from groundwater wi th  average l i f t s '  of 200 f e e t .  
2 ~ a l u e s  r e p r e s e n t  t h e  engineer ing  s i z i n g  of water  and energy r equ i r ed  t o  provide a crop 8 yea r s  ou t  
of 10.  

3 ~ v e r a g e  wate.r consumed f o r  a l l  crops i n  subregion.  ' 

' k  Average energ1  r equ i r ed  f o r  a l l  crops and water .  sources  i n  subarea .  

Design ~ e ~ u i r e m e n t s  

Energy Consumed ' 
Water Ground- Surf a c e  

Applied water  Water 
. (ac- in lac)  (KWH/=) (KWH/ac) 

3 5 . 2  1,195.1 206.6 
28.2 1,023.2 309.1 
33.1 879.8 0 .0  
26.6 1,274.5 576.0 
37.1 984.0 0 .0  

33.53 766.3 K W H / ~ C '  

- - -- 

33 .53 766.3 KWH/ac4 

1975 Requirements 

Energy Consumed ' 
. '  Water Ground- Surf a c e  

Applied . water  Water 
(ac- in lac)  (KWH/ac) (KWH/ac) 

..32. 2 1,096.4 189.6 
. .  2 5 . 9  938.7 283.6 

30.4. ' 807.2 0 .0  
24.4 1,169.3 528.4 

. 34.0 902.8 0.0 

3 0 . 8 ~  703.0 KWH/ac4 

. -- - - 

30.. 8.' 703.0 K W H / ~ C ~  

. . 

Crop 

Hay & pas ture .  
Gra in  
F i e ld  corn  
Posa toes .  
F r u i t ,  n u t s ,  b e r r i e s  

On-farm sub t o  tizl 

Punping d i v e r s i o n  

T o t a l  

. 

Acr,=s . 

I r r i g a t e d  

197,539 
47,584 

3 60 
1C,915 

2 

256,400 

- - 

256,400 



Heise  Neelv Subarea 

This  suba rea  i s  l o c a t e d  i n  t h e  s o u t h - c e n t r a l  p o r t i o n  o f  

t h e  subreg ion  w i t h  Bingham, Bonnevi l le ,  Bannock and Car ibou 

Count ies  c o n t a i n i n g  most o f  t h e  area, The s o u t h e r n  h a l f  o f  

t h e  subarea  c o n t a i n s  h igh ,  r o l l i n g  h i l l s  and broad  v a l l e y  

bottoms. Va l l eys  i n  t h e  e a s t e r n  p o r t i o n  a r e  e x c e l l e n t  

w i n t e r  w i l d l i f e  h a b i t a t ;  t h e  wes te rn  s e c t i o n  i s  h i g h l y  

developed f o r  i r r i g a t i o n  b u t  t h e  wes te rn  edge i s . l a v a  beds  

and d e s e r t  range lands .  The nor thwes te rn  h a l f  c o n t a i n s .  a 

l a r g e  i r r i g a t e d  ac reage  a d j a c e n t  to t h e  Snake River .  

I n  1975 ,  Heise Neely Subarea had 2,117,588 a c r e - f e e t  o f  w a t e r  

a p p l i e d  and used 530,324.6 MWH of  e l e c t r i c i t y .  Table  12 

c o n t a i n s ,  f o r  each  major c rop ,  t h e  w a t e r  and energy requi rements  

i n  1975 i n  t h i s  suba rea ,  which con ta ined  806,700 i r r i g a t e d '  

a c r e s .  . . 

A v a r i e t y  o f  c rops  w a s  i r r i g a t e d ;  s m a l l  g r a i n ,  hay and 

p a s t u r e ,  and (wi th  343.39 8, 219'. 715, and 137,000 

a c r e s ,  r e s p e c t i v e l y )  . . conta ined  t h e  major i r r i g a t e d  acreages .  

I n  a d d i t i o n ,  : va r ious  a c r e a g e s  of  suga r  b e e t s ,  f i e l d  co rn ,  

d r i e d  beans and p e a s ,  legume seed ,  f r u i t s  and n u t s ,  and 

vege tab l e s  were L r r i g a t e d  i n  1975. 

Yeveral Lypes df i r r i g a t i o n  systems were employed in 

t h e  subarea .  The systems and t h e i r  cor responding  ac reages  

were a s  fo l lows :  378,700 a c r e s  of  g r a v i t y ;  203,952 a c r e s  of  

hand move; 170,498 acres o f  s i d e  roll.; 53,200 a c r e s  o f  

c e n t e r  p i v o t ;  and 350 a c r e s  o f  s o l i d  set.  

Su r face  s o u r c e s ,  w i t h  average on-farm l i f t s  o f  10 f e e t ,  

supp l i ed  61.2 p e r c e n t  of  t h e  wate r  t o  t h e  subarea .  The 

remaining 38.8 p e r c e n t  was ob ta ined  from groundwater w i th  



Table 12. 1975 water  requirements  and energy consumption f o r  i r r i g a t i o n  i n  Heise Neely Subarea.  

- 

"61.2% oof t h e  w a t e r w a s  suppl ied  by. s u r f a c e  sources  .with average  on-farm pumping l i f t s  bf 10  f e e t  and 
t h e  remaining 38;8 from groundwater wi th  average l i f t s  of 300 f e e t .  . .  

2 ~ a l u e s  represen t ,  . the  engineer ing  s i z i n g  of water  and energy  r equ i r ed  t o  provide a crop 8 yea r s  out  
. . 

of 10. 

Design ~ e ~ u i r e m e n t s ~  

Energy Consumed ' 
Water Ground- Surf a c e  

Applied water  Water 
(ac- in /ac)  (KWH/ac) ( m / a c )  

43.6 1,631.0.  164.6 
29.7 1,186.5 . 275.1 
32.8 1,501.9 581.5 
48.9 - - 0 . 0 .  
42.4 -- 0.0 
36.7 1,595.4 522.9 

. 23.3 ' 1,070.6 426.1 
24.4 - - 0.0 
44.7 - - 0.0 

. . 

35.63 ,712.7 ~ l T H / a c ~  

80,028.0. a c - i t  24,332.9 .MWH 

35. 63  742.9. K W H / ~ C ~  

Crop 

Hay and p a s t u r e  
Grain 
Pc~ ta toes  
F r u i t ,  n u t s  & 3 e r r i e s  
F i e l d  corn 
Sugar b e e t s ,  s.Jgar 
Dry beans and peas : 
Veget,ables 
Legume seed 

On-farm s u b t o t a l  

Pumping d i v e r s  i o n  

T o t a l  

3 ~ v e r a g e  water  consumed f o r  a l l  crops i n  subregion.. 
4 ~ v e r a g e  energy requi red  f o r  a l l  crops and water  sources  i n  subarea. .  ' 

Acres . 

I r r i g ~ t e d  

291,715 
343,398 
137,000 

.362 
7,165 

21,961 
3 , 2 0 0 ,  

198 
1 ,301  

806,700 

-- 

806,700 . 

1975 ~ e ~ u i r e m e n t s  

Energy consumed1 

Water Ground- . Surf a c e  
Applied water  Water 

(ac- in/ac)  (KWH/ac) (KWH/ac) 

38.6 1,443.5 145.7 
26.3 1,050..0 243.4 
29.0 1,329.1' 514.6 
43.3 -- 0.0 
37.5 - - 0.0 
32.5 1,411.8 462.8 

. 20.6 947.3 377.1 
21.6 -- 0.0  
39.6 - - 0.0 

31.. 53 630.7 K W H / ~ C '  

70,812 ac - f t  21,530.5 MWH 

3 1 . 5 ~  657.4' ICWH/ac4 

. . 



280 f e e t  average  pumping l i f t s .  A Bureau o f  Reclamation.  

p r o j e c t  d e l i v e r e d  389,752 a c r e - f e e t  of wa te r  w i t h  average  

' l i f t s  of 193 f e e t .  L a s t l y ,  eng inee r ing  d e s i g n  requi rements  

f o r  t h i s  suba rea  w e r e  2,.393,210 a c r e - f e e t  o f  wa te r  and 

599,297.4 MWH of e l e c t r i c i t y .  

Hetirys Fo'rk S  uba'rea 

Henrys Fork Subarea covers  t h e  n o r t h e a s t e r n  c o r n e r  of  

t h e  subreg ion  and c o n t a i n s  Fremont, Madison and Teton 

Count ies  i n  , Idaho .  This  subarea  i s  n e a r  Yellowstone . . and 

Grand Teton Na t iona l  Parks  and h a s  s c e n i c  mountains i n  t h e  

e a s t e r n  and n o r t h e r n  s e c t i o n s  w i t h  broad i r r i g a t e d  v a l l e y  

bottoms and r o l l i n g  upland p l a i n s  i n  t h e  c e n t r a l  and south-  - .  

wes te rn  p o r t i o n s .  Approximately 20 p e r c e n t  o f  t h e  suba rea  

' i s  l o c a t e d  i n  Wyoming and i s  n o t  i nc luded  i n  t h i s  study'.  
. . 

Table 13  l is ts  t h e  1975 energy and wate r  d a t a  f o r  

Henrys Fork Subarea.  A t o t a l  o f  249,500 a c r e s  was i r r i g a t e d  

i n  the subarea  'wi th  hay and p a s t u r e  account ing  f o r  43 
' 

p e r c e n t  (106',897 a c r e s )  o f  t o t a l .  I n  a d d i t i o n ,  94,015 a c r e s  

o f  s m a l l  g r a i n s  and 47,710 a c r e s . 0 5  p o t a t o e s  were u n d e r '  

i r r i g a t i o n .  

Over 50 p e r c e n t  o f  t h e  i r r i g a t i o n  was ob ta ined  from 

g r a v i t y  systems w i t h  136,500 a c r e s .  The remaining acreage  

was c o l l e c t i v e l y  i r r i g a t e d  w i t h  85,880 ' a c re s  of  hand move, 
. . 

13,560 a c r e s  o f .  s i d e  r o l l ,  .and 13,560 a c r e s  o f '  c e n t e r  p i v o t  

sys tems.  

The 249,500 a c r e s  had 474,050 acre-feet of  wate r  a p p l i e d  
' - 

and used 103,168.3 MWH of e l e c t r i c i t y .  Engineer ing des ign  r e q u i r e -  
ments f o r  t h e  same p e r i o d  were 594,642 a c r e - f e e t  o f  water 

and 127,868.8 MWH o f  e l e c t r i c i t y .  Of t h e  t o t a l  w a t e r  



Table 13. 1975 water  requirements  and energy consumption f o r  i r r i g a t i o n  i n  Henry's Fork Subarea. 

- 

l79% of t h e  w s t e r  was suppl ied  by s u r f a c e  sources  wi th  average,on-farm pumping l i f t s  of 15  f e e t  
and t h e  remaining 21% from groundwater wi th  average l i f t s '  of 300 f e e t .  

2 ~ a l u e s  r ep re sen t  t h e  engineer ing  s i z i n g  of water  and' energy r equ i r ed  t o  provide a crop 8 yea r s  ou t  
of 10. 

3 ~ v e r a g e  water  consumed f o r  a l l  crops i n  subregion.  
'Average energy r equ i r ed  f o r  a l l  crops and water  sources  i n  subarea.  

I 

Design  ~ e ~ u i r e m e n t s  

Energy Consumed ' 
Water Ground- Su r f ace  

Applied water Water 
(ac- in /ac)  ( m / a c )  (KWH/ac) 

31.1 1,975.9 , 51.0 
27.5 1,935.3 179.6 
25.4 1,915.7 234.3 
28.2 -- 0.0 
40.0 - - 0.0 
17.8 -- 0.0 

28.63 512.5 K W H / ~ C ~  

- - -- 
. . 

28.63 512.5 K W H / ~ C ~  

Crop 

Hay and p a s t u r e  
Grain 
Po ta toes  . 

Fie ld  corn 
F r u i t ,  n u t s  & b e r r i e s  
Vsgetables  

On-farm s u b t o t a l  

Pumping d i v e r s i o n  

T o t a l  ' 

Acres 
I r r i g a t e d  

106,897 
94,015 
47.710 

863 
12 

3 

249,500 

-- 

. 249,500 

1975 Requirements 

Energy Consumed1 
. . 
Water Ground- Surf a c e  

Applied water  Water 
(ac- in lac)  (KWHlac) (~WHlac)  

24.1 1,531.2 39.5 
22.5 1,583.4 -- 
20.5 1,546.2 189.0 
22.2 -- 0.0  
33.3 -- 0.0 
13.3 -- 0'. 0 

22.83 413.. 5 KWH/ac4 

-- - - 

22.83 413.5 KWH/ac4 



supp l i ed  f o r  i r r i g a t i o n ,  21 p e r c e n t  w a s  o b t a i n e d  from 

groundwater w i t h  average  l i f t s  of 300 f e e t .  The remaining 

79 p e r c e n t  was s u p p l i e d  by s u r f a c e  s o u r c e s  w i t h  average  

on-farm pumping l i f t s  of  15 f e e t .  The suba rea  d i d  n o t  

c o n t a i n  l a r g e  d i v e r s i o n  pumping p l a n t s  b u t  d i d  i n c l u d e  

s u r f a c e  d i v e r s i o n s  managed by t h e  Bureau of  Reclamation.  

South Fork Subarea 
. . 

Eiyhty-one . p e r c e n t  o f  t h e  South Fork Subarea i s  l o c a t e d  

i n  Wyoming and,  t h e r e f o r e ,  n o t  i nc luded  i n  this s t~ ldy ' .  The 

s t u d y  does i n c l u d e  e a s t e r n  p o r t i o n s  of Bonnevi l l e  and 

Car ibou Count ies ,  Idaho. The t o t a l  suba rea  c o n t a i n s  p a r t  o f .  ' . 

Yellowstone Na t iona l  Park and a l l  of Grand Teton Na t iona l  

Park.  

South F o r k ' s  i r r i g a t i o n  wate r  and energy requi rements  

f o r  1975 are l i s t e d  i n  Table 1 4 .  The ' suba rea  con ta ined  . ' 

. . 

15,100 i r r i g a t e d  a c r e s  ' w i t h  hay and p a s t u r e  accoun t ing  f o r  

79 percent(12,OOO acres) of t h e  t o t a i .  I n  a d d i t i o n ,  3,100 

acres of  small' g r a i n s  were i r r i g a t e d .  

Only. t h r e e  .major  t ypes  o f  i r r i g a t i o n  systems w e r e  

employed i n  t h e  suba rea .  Grav i ty  systems i r r i g a t e d  6,200 

dcrec, hand move suppiied w a t u  to 6 , 2 5 9  a c r e s  and s i d e  r o l l  

covered 2,641 acres. 

The 1.5,1..1)0 acres had 2 3 , 9 0 8  a c r e - f e e t  of water  a p p l i e d  and 
consumed 3,897.3 MWH of  e l e c t r i c i t y .  CDrre.sponding eng inee r ing  

des ign  requirements  w e r e  28,942 a c r e - f e e t  of  wate r  and 

4,807.8 MWH of  e l e c t r i c i t y .  I n  a d d i t i o n ,  87.3 p e r c e n t  a f  

t h e  wate r  was s u p p l i e d  from s u r f a c e  sou rces  w i t h  average 



T a b l e  14.  1975 w a t e r  requ i rement  and energy consumption f o r  i r r i g a t i o n  i n  South Fork Subarea.  

l87.,3% of  t h e  w a t e r  was supp lsed  by s u r f a c e  s o u r c e s .  w i t h  average  on-farm pumping l i f t s  o f  1 5  f e s t  
and t h e  remaining 12.7% from groundwater w i t h  a v e r a g e  l i f t s  of 75 f e e t .  . 

2 1 ~ a l u e s  r e p r e s e n t  t h e  e n g i n e e r i c g  s i z i n g  o f  w a t e r ' a n d  energy  r e q u i r e d  t o  p r o v i d e  a c rop  8 y e a r s  o u t  
o f  10 .  

3 ~ v e r a g e  watec consumed' f o r  a l l  crops.  i n  subreg ion .  
' 

4 ~ v e r a g e  energy r e q u i r e d  f o r  a l l :  c r o p s  and wate r  s o u r c e s  i n  sub,area .  

Design ~ e ~ u i r e m e n t s '  

Energy Consumed ' 
Water Ground- Sur f  a c e  

Appl ied  . w a t e r  Water , 

( a c - i n l a c )  (KWH/ac) (KWH/ac) 

24.4 653.2 262.7.  
' 17.7 492.5 3 2 9 . 6 .  

2 3 . 0 ~  318.4 KWH/ac4 . 

-- -- 

2 3 . 0 ~  318.4 K W H / ~ ~ ' ~  

1975 Requirements  

Energy Consumed ' 
. 

. .Water Ground- Sur f  ace 
Appl ied w a t e r  Water 

( a c - i n l a c )  (KWHlad) (~WHlac3 

19.6  524.7 211.1 
. 16.7 464.6 264.8 

1 9 . 0 ~  258.1 KWH/ac4 

- - -- 

19. o3  258.1 K W H / ~ ~ ~  

Crop 

Hay a i d  p a s t u r e  
G r a i n  

On-farm s u b t o t a l  

.Pumping d i v e r s i o n  

T o t a l  

'. 

Acres  
I r r i g a t e d  

12,000 
3,100 

15,100 . 

- - 

- 

15,100 



on-farm pumping l i f t s  of  15 f e e t .  Remaining wa te r  w a s  

o b t a i n e d  from groundwater sou rces  w i t h  average  l i f t s  o f  75 

f e e t .  Lastly, t h i s  suba rea  does  n o t  c o n t a i n  l a r g e  d i v e r s i o n  

pumping p l a n t s .  



c e n t r a l  Snake -. 

' This  subregion l ies  i n  southwestern Idaho, s o u t h e a s t e r n  

Oregon -and a  smal l  p o r t i o n  of  . n o r t h e r n  Nevada. The a r e a  

, i n c l u d e s  approximately 37,000 square  m i l e s  of  . land w i t h  52 

pe rcen t  i n  Idaho, ,38 pe rcen t  i n  Oregon and 10. p e r c e n t  i n  

Nevada. The Nevada p o r t i o n  i s . o u t s i d e  t h i s   study.'^ a r e a .  

The subregion inc ludes  t h e  d ra inage  area a l o n g a  

280-mile reach  of t h e  s n a k e  River from King  ill, Idaho, 

downstream t o  a p o i n t  below Oxbow Dam on t h e  Oregon-Idaho 

border .  The t r i b u t a r i e s  of  t h e  snake River i n  t h i s  ' subregion  

a re :  Burnt,  Powder, Paye t t e ,  Weiser, Malheur,' Bruneau, 

Owyhee and Boise. This  subregion i s  p a r t i t i o n e d  i n t o  t h e  : 
seven subareas  shown i n  F igure  6. 

I r r i g a t i o n  began i n  t h e  reg ion  i n  t h e  1860 ' s  co inc id ing  
. . 

wi th  e a r l y  gold  d i s c o v e r i e s .  The Boise and P a y e t t e R i . v e r  
. . 

v a l l e y s  have been i r r i g a . t i n g  s i n c e  1863. B y  1900, approxi-  

, . mately 150,009 a c r e %  w e r e  under i r r i g a t i o n  i n  t h e s e  v a l l e y s .  
. ' I n  1975. t h e  subregion contained 1,319,928 a c r e s  w i t h  over  

1,000,000 a c r e s  under . . g r a v i t y  i r r i g a t i o n .  Remaining systems' 

and t h e i r .  1975 acreages  w e r e  a s  fol lows:  15,810 a c r e s  o f  

c e n t e r  p i v o t ;  176,079 acres. of  hand.move; 72,1..89 a c r e s  of , 

s i d e  r o l l ;  26,982 acres of  s o l i d  set; 558 a c r e s  of  permanent; 

and 1,494 a c r e s  of  b i g  gun. 

The 1,319,928 a c r e s  had 4,443,773 a c r e - f e e t  of  water  a p p l i e d  

and used 500,093.4 MWH of e l e c t r i c i t y .  Engineer ing des ign  

requirements for  this same pe r iod  were 4,993,265 a c r e - f e e t  

o f  water and 650,855.4 MWH of e l e c t r i c i t y .  



Figure  6 .  Map of Subregion 5 con ta in ing  Burnt Powder, 
Malheur , , Weiser, P a y e t t e ,  ~ o i s e ,  Bruneau, and 
'Owyhee Subareas. 

The major i r r i g a t e d  c rops  i n  t h e  subregion were hay and 

p a s t u r e  w i t h  approximately 793,000 a c r e s .  Large acreages  of 

smal l  g r a i n s ,  f i e l d  c rops ,  sugar  b e e t s ,  legume s e e d s a n d  

p o t a t o e s  w e r e  a l s o  i r r i g a t e d .  
. , 



Bo'i's e' 'Sub -- a'r - e a 

 h his subarea consists of the Boise River. drainage basin 
plus the area south and east of the Snake Rive'r, including 

, Mountain Home Plateau and Trini.ty Mountains. The majority 

of Canyon, Ada, Elmore, and Boise Counti'es are included in 

this subarea. The Boise River tributaries are Gsimes Creek 

and several .forks of Boise River. 
. . 

Table 15 lists the energy and water requirements for 

1975 in Boise subarea. , The subarea contained 463,282 ac.ies. 

Hay and pasture accounted for 50 percent of the .acreage with- 

232,453 acres. Large acreages of small grains, field crops, 

sugar beets, legume seeds,'and potatoes were also irrigated,. 

The area had 1,640,,790 acre-feet of water applied and used 
. . 

229,079'.4 MWH .of electricity in 1975. Corresponding engineering . . 

design requirements were 1,760,472 acre-feet of water. and . . 

249,260.1 MWH of electricity. Pumped diversion from numerous 

private developments along the Snake River and a Bureau of 

Reclamation project .on the Owyhee River, Oregon, diverted 
, .  . 

51,251 acre-feet of water with an average lift of 514 feet in 

1975. 

\ ,  

Gravity systems irrigated 374,900 acres (81 percent of 

total). '1n addition, the subarea contained 53,548 acres of 

hand move, 16,000 acres of solid set, 13,540 acres of side roll, 

and,6,000 acres of center pivot. 

Bruneau Subarea 

The Bruneau Subarea is positioned in the southeastern 

corner of the subregion in Owyhee County. It includes the 

Bruneau River Basin and small southside Snake River tributaries, 



Table  15. '1975 water  requirements  and energy consumption f o r  i r r i g a t i o n  i n  Boise Subarea. 

Hay and p a s t u r e  
Grain 
F i e l d  corn  
Legume seed 
Po ta toes  
Mint, hops and d i l l  
Sugar bee t s ,  sugar  
Vegetables 
Dry beans and peas 
F r u i t s ,  n u t s  & b e r r I e s  

1975 Requirements 

Energy consumed" 
CJ 

Water Ground- Surf a c e  
Acres Applied water  Water 

I r r i g e t e d  (.zc-%n/ac) . ( W / a d  ( W / a c )  

Design ~ e ~ u i r e m e n t s  

Energy Consumed ' 
Water Ground- Surf a c e  

Applied wa te r  Water 
( ac - in l ac )  . (KWH/ac). (KWHlac) 

On-farm s u b t o t a l  

Pumping d i v e r s i o n  

l86.3% of t h e  water was suppl ied  by s u r f a c e  sources  wi th  average on-farm l i f t s  of 0 f e e t  and 
t h e  remaining 13.72 from. groundwater wi tk  zverage-  l i f t s  of 350 f e e t .  

463,282 

T o t a l  

2 ~ a l u e s  represen t ,  t h e  zngineer ing s i z i n g  cif water  and energy  r equ i r ed  t o  provide a ,  c rop  8 yea r s  ou t  
of 10. 

42.53 405.9 K W H / ~ C ~  

- - 

' 3 ~ v e r a ~ e  water  consumed f o r  a l l  c rops  i n  ~ ~ b r e g i c - n :  
yerage energy requir.=d f o r  a l l  c rops  anc w & t e r  sources  i n  subarea.  . . . 

. 463,282 

51!251 ac - f t  41,033.2 MWH 54,989 a c - f t  44,026.2 MWH 

4 . ~ . 5 ~  494.5 KWH/ac4 4 5 . ~ ~  '538.0 K W H / ~ C ~  . 



i nc lud ing  Succor Crcek. The a rea  i s  . c h a r a c t e r i z e d  by broad ,  

sage-covered, g e n t l y  s l o p i n g  r eg ions  which a r e  d i s s e c t e d  by 

deep canyons. Approximately 11 percen t  o f  t h e  subarea  i s  

loca ted  i n  Nevada and i s  n o t  inc luded  i n  t h i s  s tudy .  

Energy and water  requirements  f o r  t h e  1975 i r r i g a t i o n  

season a r e  l i s t e d  i n  Table 1 6 .  A t o t a l  of  229,124 a c r e s  was 

i r r i g a t e d  i n  t h i s  subarea.  Hay and p a s t u r e  were a g a i n  t h e  

major i r r i g a t e d  c rops  wi th  137,605 a c r e s .  Large i r r i g a t e d  

acreages  of  smal l  g r a i n s ,  p o t a t o e s ,  s u g a r  b e e t s ,  d r i e d  beans 

and peas ,  f i e l d  corn,  and legume seed w e r e  a l s o  i r r i g a t e d .  

The 2 2 9 , 1 2 4  i r r i g a t e d  a c r e s  had 786 ,-659 a c r e - f e e t  o f '  water  

app l i ed  and consumed 136,468.7 .MWH of e l e c t r i c i t y  i n  1975. Corre- 

sponding engineer ing  des ign  requirements  were 895,493 a c r e - f e e t  of 

water and 154,613.5 MWH of  e l e c t r i c i t y .  Sur face  sources  

suppl iedd  86.4 pe rcen t  of  t h e  i r r i g a t i o n  water  w i th  ave,rage 
. . 

on-farm l i f t s  of 8  feet ;  t h e  remaining 13.6 p e r c e n t  of  t h e  

water  was obta ined  from groundwater w i t h  average l i f t s  of  

284 f e e t .  

This a r e a  i s  c h a r a c t e r i z e d  by many d i v e r s i o n  

p l a n t s  from t h e  Snake River which d e l i v e r e d  water  t o  f i e l d  

e l e v a t i o n s  under p res su re .  It a l s o  inc luded  pumped and 

g r a v i t y  d i v e r s i o n s  from t h e  Owyhee R i v e r .  Gravi ty ,  w i t h  

146,717 a c r e s , , w a s  t h e  major i r r i g a t i o n  sys.tem. I n  ad- 

d i t i o n ,  6,378 a c r e s  of  c e n t e r  p i v o t ,  54,901 a c r e s  of hand 

move, 10,397 a c r e s  of s i d e  r o l l ,  9,566 a c r e s  of  s o l i d  se t ,  

and 1,165 a c r e s  o f  b i g  gun w e r e  used i n  t h i s . s u b a r e a .  

The Owyhee 'Subarea i s  l o c a t e d  i n  t h e  southern  s e c t i o n  , 

of t h e  subregion and inc ludes  par t s  of Malheur County, 



Table 16. 1975 water r e q ~ i r e i n e n t s  and en.=rgy consumptidn f o r  i r r i g a t i o n  i n  Bruneau Subarea. 

186.4% of t h e  water  wa.s suppl ied  by s u r f a c e  sources  wi th  average .on-farm pum7in.g l i f t s  of 8 f e e t  and 
t h e  remaining 13.6Z from groundwater w i t t  average l i f t s  of 284 f e e t .  

2Values r ep re sen t  t h e  engineer ing  s i z i n g  c.f water 'and energy- ' requi red  t o  p r w i d e  a crop 8 yea r s  ou t  
of 10. 

3Average water  consumed f o r  a l l  c rops  i n  subreg ion*  
. , 

rerage energy r e q c i r e d  f c r  a l l  c rops  and water  sources  i n  subarea.  

Design ~ e ~ u i r e m e n t s *  

Energy consumed' 

Wat2r Ground- Su r f ace  
App 1 i e d  wa te r  Water 

( a c - i d e c )  (KWH/ac) (KWH/ac) 

53.2 2,560.2 73.8 
28.5 1,423.5 77.8 
4.3 . 2 1,646.2 20.0 
41.9 1,689.3 3 . 1  
39.2 2,249.0 2 1 0 . 0 .  
33.8 2,594.0 340.2 
R . 8  2,405.7 86.3 
27.6 - - 0.0 
53.3 -- 0.0 
34.: 1,630.6 65.0 

. . 

46.g3 369.0 KwI-I/ac4 

305,206 a c - f t  71;711.7 MWH 

46.43 674.8 K W H / ~ C ~  

Crop 

Hay and p ~ s t u r e  
Grain 
F i e l d  corr- 
Legume seed 
Po ta toes  
Mint, hops and d i l l  
Sugar b e e t s ,  sugar  
Vegetables 
F r u i t s ,  n u t s  and b e r r i e s  
Dry beans,  peas  

On- f arm sib t o%al  

Pumping d i v e r s i o n  

T o t a l  

Acres 
I r r i g a t e d  

137,605 
30,552 

9,150 
8,604 

15,552. 
1 ,165 

14,180 
1,?82 

'152 
10,382 

229,124 

-- . 

229,124 

1975 Requirements 

energy Consumed ' 
Water Ground- Surf  ace 

Applied wa te r  Water 
( ac - in l ac )  (KWH/~C) ( W / a c )  

47.4 2,281.0 65.7 
24.9 1,243.7' 68.0 
38.9 1,482.3 17.9 
37.5 1,511.9 2.5 
31.4 1,801.5 168.2 
30.8 2,364.3 310.0 
45.2 2,099.2 75.4 
25 .3  -- 0.0 
45.8  -- 0.0 
26.4 1,240.6 49.4 

41.2~. 319.9 K W H / ~ C ~  

268,160 ac-f't 63,171.9 MWH 
. . 

41.23 595.6 .KWH/ac4 . 



Oregon and Owyhee County, Idaho. I t  i s  c h a r a c t e r i z e d  by a 

rugged, h igh  p l a t e a u  which i s  deeply  d i s s e c t e d  by t h e  Owyhee 

River and i t s  t r i b u t a r i e s .  Approximately 25 p e r c e n t  o f  t h i s  

subarea  i s  l o c a t e d  i n  n o r t h e r n  Nevada .and i s  n o t  i nc luded  i n  

t h i s  s tudy .  

Table  17  p r e s e n t s . t h e  energy and wa te r  requi rements  f o r  

1975 i n  t h e  Owyhee Subarea.  The suba rea  con ta ined  88,776 

i r r i g a t e d  acres w i t h  56;712 a c r e s  i n  hay and p a s t u r e . .  I n  

a d d i t i o n ,  1 3 , 7 8 9 . a c r e s  o f  smal l  g r a i n s  w e r e  i r r i g a t e d .  The 

88,776 acres had 308,497 a c r e - f e e t  o f  wate r  a p p l i e d  and consumed 

7,270.4 MWH of e l e c t r i c i t y .  ~ n ~ i n e e r i n ~  d e s i g n  requi rements  f o r  ' , 

t h i s  cor responding  p e r i o d  were .158,063 a c r e - f e e t  o f  wate r  and 

8,436.4 MWH of  e l e c t r i c i t y .  Su r f ace  s o u r c e s ,  w i t h  on-farm 

average  pumping l i f t s  of  15  f e e t ,  s u p p l i e d  99.6 p e r c e n t  o f '  
. . 

t h e  i r r i g a t i o n  wate r ;  groundwater, w i t h  average l i f t s  of 63 

f e e t ,  s u p p l i e d  t h e  remaining water. I n  a d d i t i o n ,  d i v e r s i o n  

pumps s u p p l i e d  1 9 , 5 3 8 a c r e - f e e t  of  w a t e r  t o  s u r f a c e  sou rces .  

Of t h e  .88,776 a c r e s ,  g r a v i t y  systems i r r i g a t e d  82,891 acres. 

The remaining acreage  was managed w i t h  t h e  fo l lowing  pres-  

s u r i z e d  systems :., . c e n t e r  p i v o t  (125 a c r e s )  , hand move (2,635 . ' . 

, a c r e s ) ,  s i d e  r o l l  (3,000 a c r e s ) ,  s o l i d  se.t (78 acres),  . . 

and .  b i g  gun (47 a c r e s )  . 

'Pay'e'tte Subarea 

. . 

A wooded, mountainous r e g i o n ,  t h e  P a y e t t e  Subarea i s  i n  

t he ,  n o r t h e a s t e r n  co rne r  o f  t h e  subreg ion  and c o n t a i n s  

Paye t te , .  Gem, Va l ley  and p a r t  o f .  Boise. Count ies . .  The. 

P a y e t t e  d ra inage  bas in  i s  dissected by l a r g e  c r eeks  and 

r i v e r s  which flow i n  long,  .narrow v a l l e y s .  Small g l a c i a l  

l a k e s  .dot h igh  mountain meadows and several manmade l a k e s  



Table 17. 1975 water  requirements  and energy con~umpt ion  f o r  i r r , i g a t i n  i n  t h e  Owyhee Subarea.  

'99.6% of t h e  water  was s u p p l ~ e d  by s u r f a c e  s o u r c e s .  with. average on-far3 pumping l i f t s  of 15 f e e t  and 
t h e  remaining 0.4% from groundwater wi th  Everage. l i f t s  of 63 f e e t .  

'values r e p r e s e n t  t h e  exgineerrng s i z i n g  of water  and energy r e q u i r e d  t o  provide a c rop  8 yea r s  out  . . 
o f  10. 

Design ~ e ~ u i r e r n e n  ts 

Energy Consumed ' 
Warer Ground- Surf a c e  

Applied . - water  Water 
(ac-in/a.=) (KWH/ac) (KWHlac) 

53.7 1,260.6 60.6 
34 12 805.2 45.3 

'38.3 875.6 47.6 . 

43.1 1,010.3 61.1 
42.4 1,009.3 82.0 
39.9 934.4 56.0 
49.4 1,,173 ..2 88.1 
3e.1 866.8 . 24.4 

48.43 63.0' K W H / ~ C  

22,677 a c - f t  2,843.5 MWH 

4 8 . 4 3  95.0 K W H / ~ C ~  

3 ~ v e r a g e  water  consuned f o r  a l L  crops i n  subregion.  . . 

4 ~ v e r a g e  energy r equ i r ed  f o r  a 1 1  crops and water .  sources  i n  : s u b a r e a  

,1975 Requirements 

Energy Consumed1 

Water Ground- Su r f ace  
Applied water  , Water 

(ac- in /ac)  (KWHIac) (KWH/ac) 

. . 

46.. 3 ' . 1,086.'7 52.3 
29.5 694.1 39.0 
33 ..O 754.8 41.1 
3 7 . 2  871.0 52.7 

. 36.5 870.0 70.7 
34.4 805.5 48.3 
L 2 . 6  T,011.4 76.0 
32.8 747.3 21 .O 

4 1 . 7 ~  . .  54.3 K W H / ~ C ~  

Crop 

Hay & p a s t u r e  ..' 

Grain 
F i e l d  corn  
~ e g u m e  seed 
Pota toes  
Mint hops,  d i l l  
Sugar b e e t s ,  sugar  
Vegetables  

On-farm s u b t o t a l  

Acres 
I r r i g a t e d  

56,712 
13,789 
3,909 
2,381 
2,998 
1,005 
4,880 
3,102 

E8,776 

Pumping d i v e r s i o n  

To ta l  

-- 19,538 a i - i t  2,449.9 MWH 

I 

18,7-76 ~ 1 . 7 ~  R1.9 K W H / ~ C ~  



a r e  l o c a t e d  i n  t h e  lower e l e v a t i o n  bottom l ands .  The wa te r s  

o f  t h e  Paye t t e  River a r e  g e n e r a l l y  coo l ,  c l e a r ,  and o f  h igh  

qua1 i t y  . 
Table 18 p r e s e n t s  t h e  1975 i r r i g a . t i o n  energy and water  

consumption f o r  t h e  Paye t t e  Subarea. . A  t o t a l  of  165,019 

a c r e s  was i r r i g a t e d  i n  1975. Hay and p a s t u r e  once a g a i n  

r ep resen ted  t h e  s u b a r e a ' s  major i r r i g a t e d  acreage  w i t h  

125,963 a c r e s .  Small g r a i n s  w e r e  a l s o  i r r i g a t e d  on 16,770 

a c r e s ;  i n  a d d i t i o n ,  l i m i t e d  acreages  of f i e l d  corn,  mint ,  

hops, d i l l ,  legume seed,  vege tab le s ,  suga r  b e e t s ,  f r u i t ,  
. . 

n u t s  and po ta toes  were i r r i g a t e d .  

The 165,019 a c r e s  had 573,441 a c r e - f e e t  of water  a p p l i e d  and 

. u s e d  47,063.4 MWH of e l e c t r i c i t y  i n  1975. Engineer ing des ign  

requirements  were 655,951 a c r e - f e e t  of  water  and 54,060.2 

MWH o f  e l e c t r i c i t y  i n  1975. A l l  pumping was conducted by 

i n d i v i d u a l i z e d  farm o p e r a t i o n s  wi thout  l a r g e  pump d i v e r s i o n s .  

. Eighty p e r c e n t  of  t h e  i r r i g a t e d  acreage  i n  t h i s  subarea  

was under g r a v i t y  i r r i g a t i o n  (131,209 a c r e s )  '. The remaining 

20 p e r c e n t  employed t h e  fo l lowing  systems: 21,286 a c r e s  

of hand move, 11,387 a c r e s  of s i d e  r o l l ,  683 a c r e s  of s o l i d  

se t ,  and 454 a c r e s  of  permanent. 

We.ise.r. . . a r e a  

The Weiser dra inage  b a s i n  i s  a  r o l l i n g  upland and 

mountainous a r e a  i n  t h e  nor thern  p a r t  of  t h e  subregion.  

Many of the  narrow v a l l e y s  have s t r i p s  of farmland near  

streams. The a r e a  inc ludes  p a r t s  of  Washington and Adams 

Count ies ,  Idaho, which are a d j a c e n t  t o  t h e  Oregon border .  



Table 18. 1975 wazer requirements  and energy consumption f o r  i r r i g a t i o n  i n  P a y e t t e  Subarea. 

Crop 

Hay and p a s t u r e  
Grain 
F i e l d  corn 
Hops, minz and d i l l  
Legume sezd 
Vegetables 
Sugar b e e t s ,  sugar  
F r u i t ,  nwts & b e r r i e s  
Po ta toes  

Acres 
I r r i g a t e d  

1; 

On-farm s u b t o t a l  

1975 Requirements 

Energy Consumed ' 
Wster Ground- Surf a c e  

Applied wa te r  Water 
(ac- in/ac)  (KWHlac) (KWH/ac) 

Design ~ e ~ u i r e m e n t s ~  

Energy Consumed ' 
Water Ground- Surf a c e  

Applied water  Water 
( ac - i a / ac )  (KWH/ac) (KWH/ac) 

Pumping d i v e r s i o n  

'89.1% of t h e  water  was suppl ied  by s u r f a c e  sources  w i th  average  on-farm pumping l i f t s  of 45 f e e t  and 
t h e  remaining 10.9% from groundwater v i zh  average  l i f t s  of 200 f e e t .  

. 2 ~ a l u e s  r ep re sen t  ;the engBneering s i z i n g  of water  and energy require.d t o  prov2de a crop 8 yea r s  ou t  
of 10. 

3 ~ v e r a g e  water conswed  f ~ r  a l l  c rops  i n  subregion.  
4 ~ v e r a g e  energy r equ i r ed  f o r  a l l  c rops  aa3 water  sources  i n ' s u b a r e a .  

I I 

- - 

T o t a l  

-- -- -- -- 
I 
I 
i 

I 

165,019 
1 

41 .7~  . 285.. 2 KWH/ac 4 47.73 327.6 kWH/ac4 



h 

Table 19 c0nta.i .n~ t h e  1975 i r r i g a t i o n  water '  and energy 

requirements i n  Weiser Subarea. . A t o t a l  of 54,305 a c r e s -  was 

-.- under i r r i g a t i o n ,  of which hay and p a s t u r e s  inc luded 30,293 

ac res .  Small g r a i n s  were a l s o  a  major c rop  wi th  12,898 
, . 

i r r i g a t e d  ac res .  Limited acreages of  f i e l d  corn,  legume 

seed, vegetables ,  pota toes  .and sugar  b e e t s  were a l s o  irri- 

gated.  

A t o t a l  of 187,805 ac re - fee t  of  water- .was app l i ed  and 

8,091.4 MWH of e l e c t r i c i t y  consumed on t h e  54,305 i r r i g a t e d  a c r e s . '  

Engineering design requirements .were 215,862 ac re - fee t  of . 

water and 9,438.2 MWH of e l e c t r i c i t y  f o r  t h i s  subarea i n  

1975. Of t h e  t o t a l  i r r i g a t i o n  water ,  92.7 pe rcen t  was 

suppl ied  f r o m s u r f a c e  sources wi th  average on-farm l i f t s  of 

20 f e e t .  The remaining 7.3 percent  was ob-tained from , . 

groundwater wi th  average pumping l i f t s  of  I80 f e e t ;  The 
. . 

a rea  contained ind iv idua l i zed  farm pumping p l a n t s  r a t h e r  

than l a r g e  pumping d ive r s ions .  

Almost a l l  . (47,565 . a c r e s )  of t h e  i r r i g a t e d .  land  was 

under g r a v i t y  'systems. However, hand move and s i d e  r o l l  

i r r i g a t e d  5.729 and 1, d l 1  a c r e s ,  r e s p e c t i v e l y .  

Burnt Powder Subarea inc ludes  t h e  Burnt and Powder 

River drainage bas ins  and l i e s  i n  Baker County, Oregon. The 

semiarid a r e a  i s  composed'of r o l l i n g  sage-covered h i l l s  and 

.narrow, v a l l e y s  with occasional  expansions i n t o  broader . , . , 

v a l l e y s .  S r r iga ted  lands are  l oca ted  i n  sever ,a l  06 t h e  

v a l l e y s  along t h e  Powder and Burnt River& 



Table 19. 1975 water  r equ i r euen t s  and Energy consumption f o r  i r r i g a t i o n  i n  the  Weiser Subarea.  

'92.7% of t.2e water  was suppl ied  by s u r f a c e  sources  wi th  average on-fa& pumping l i f t s  of 20 f e e t  and 
t h e  remaining 7.3% f'ron groundwater w i th  average l i f t s  of 150 f e e t .  

. 2 ~ a l u e e  r e p r e s e n t  t h e  engineer ing  s i z i n g  ~f water  and energy r equ i r ed  t o  p r o v i d e  a c rop  8 yea r s  ou t  
of 10. 

3 ~ v e r a g e  water  consumtd f o r  a l l  crops i n  subregion.  . 
4 ~ v e r a g e  energy requi-rec f o r  a l l  crops and v s t e r  sources  i n  subarea .  

. . 

Design ~ e ~ u i r e m e n t s  

Energy consumed1 

Water Ground- Surf a c e  
Applied water  Water 

(ac- in /ac)  (KWH/=) ( w / a c )  

54.8 1,910.6 71.8 
33.2 1,060.7 40.2 
47.6 - - 0 .0  

I 44.4 - - 0 .O 
18.2 - - 0.0 
37.8 1,640.2 435.2 
39.5 1,739.5 1,048.8 
59.7 1,918 .O 79 .O 

, 47.73 173.8 K W H / ~ C ~  

-- -- 

47.13 173.8 K W H / ~ ~ ~  

Crop 

Hay & p a s t l r e  
Grain 
F i e l d  corn  
Legume seed 
Vegetables 
F r u i t ,  n u t s ,  b e r r i e s  
Pota toes  
Sugar b e e t s ,  sugar  

b 

On-farm s u b t o t a l  

Pumping d i v e r s i o n  

T o t a l  

Acres 
I r r i g a t e d  

30,293 
12,898 

2,362 
3,571 
1,847 

2 2 
8 0 

3,222 

54,305 

-- 

54,305 

i 

1975 Requirements 

Energy Consumed ' 
W~ter Ground- Surf a c e  

A ~ p l i e d  water  Water 
(ac- in lac)  (KWHIac) (KWH/ac) 

46.8 1,631.7 61.4 
29.5 942.5 35.7 
46.4 -- 0 .0  
42.2 - - 0.0 
15.6 - - 0.0 
32 .0 1,388.5 368.4 
34.8 1,532.6 410.7 
49.7 1,596.8 65.7 

$ 1 . 5 ~  149.0 K W H / ~ C ~  

- - - - 

41 . 5 3  149.0 K W H / ~ C "  



Table 20 c o n t a i n s  t h e  1975 i r r i g a t e d  c rops  p l u s  t h e i r  

wate r  and energy requi rements .  The subarea  i r r i g a t e d  144,462 

a c r e s  w i th  hay and p a s t u r e s  account ing  f o r  101,699 acres. 

I n  a d d i t i o n ,  t h e  i r r i g a t e d  acreage  inc luded  s m a l l  g r a i n s ,  

f i e l d  corn ,  g r a s s  s eed ,  p o t a t o e s ,  min t ,  d r i e d  beans  and 

peas ,  f r u i t s ,  n u t s  and b e r r i e s .  

I n  1975 t h i s  suba rea  had 325,039 a c r e - f e e t  of  wa te r  'ap- 

p l i e d  and consumed 46,999 MWH of e l e c t r i c i t y .  Engineer ing  d e s i g n  

requirements  w e r e  38'6,435 a c r e - f e e t  o f  water and 55,906 MWH 

of e l e c t r i c i t y . .  Most (86.1  p e r c e n t )  o f  t h e  i r r i g a t i o n  wate r  

was supp l i ed  from s u r f a c e  sou rces  w i t h  average  on-farm l i f t s  

of on ly  6 f e e t ;  t h e  remaining w a t e r  (13.9 p e r c e n t )  w a s  

ob ta ined  from groundwater sou rces  w i t h  average pumping l i f t s  

of 90 f e e t .  Two Bureau o f  Reclamation p r o j e c t s  d i v e r t e d  

52,500 a c r e - f e e t  o f  wate r  w i t h  average l i f t s  o f  101  f e e t  t o  

t h e  subarea .  I n  a d d i t i o n ,  t h e  subarea  con ta ined  s e v e r a l  

farmer-operated i r r i g a t i o n  d i s t r i c t s .  I n  p a r t s  o f  t h e  

b a s i n ,  an overabundance o f  wate r  n e c e s s i t a t e d  d ra inage  t o  

lower t h e  water t a b l e .  ~ r a v i t ~  i r r i g a t i o n  w a s  t h e  major 

system type  w i t h  86,109 acres; s i d e  r o l l ,  hand move and 

c e n t e r  p i v o t  i r r i g a t e d  32,854, 22,524, and 2,222 a c r e s ,  

Ma'l'he'ur' 'S uba're a 

The Malheur Subarea i s  l o c a t e d  i n  p a r t s  o f  Grant ,  

Harney and Malheur Count ies ,  Oregon. The a r e a  i s  a h igh ,  

r o l l i n g  upland r e g i o n . w i t h  developed,  i r r i g a t e d  .bot tom 

l ands .  I t  c o n t a i n s  f o u r  r e s e r v o i r s  which s i g n i f i c a n t l y  

r e g u l a t e  s t reamflows i n  t h e  r eg ion .  



Table 20. 1975 wat =r requi reneAts  .and ene.rgy consumption f o r  i r r i g a t l o n  i x  Burnt Powder Subarea. 

'86.1% of t h e  water  das  suppl izd  by s u r f a c e  sources  w i th  average on-farm pumping l i f t s  of 6 f e e t  and 
t h e  remaining 13.9% from grouldwater  w i th  average l i f t s  of 90 f e e t .  

' 2 ~ a l u e s  r ep re sen t  t h ?  enginserhng s i z i n g  of water  and energy r e q u i r e d ,  t o  provide a c rop  8 yea r s  . ou t  
of 10. 

3 ~ v e r a g e  water consumed f o r  a l l  c rops  i n  subregion.  
4 ~ v e r a g e  energy requi red  f o r  a11  crops and water sources-  i n  subarea .  

Design ~ e ~ u i r e m e n t s *  

Energy Consumed ' 
Water Ground- Surf a c e  

Applied wa te r  Water 
(ac- in /az)  (KWH/=) (KWH/=) 

36.8 1,086.8 207.6 
13.0 494.4 311.2 
22.7 734.4 243.8 

5.5 207.1 137.1 
28.7 1,125.6 556.4 
26.2 977.4 642.3 
10.7 399.4 250.2 
14.8 504.7 287.4 
32.1 957.7 201.3 

32.13 308.6 JCWH/ac4 

62,416.7 a c - f t  11,325.225 MWH 

32.13 387.00 KWH/ac4 

Crop 

Hay and p a s t u r e  
Grain 
F i e l d  corn  
Grass seed 
Po ta toes  
Mint 
Dry beans and peas 
F r u i t s ,  n u t s  and b e r r i e s  
Unenumerated 

On-farm s u b t o t a l  

Pumping d i v e r s i o n  

T o t a l  

Acres 
I r r i g a t e d  

101,699 
13,450 

700 
2,434 

675 
400 

1,925 
203 

17,976 

144,452 

-- 

145,452 

1975 Requirements 

Energy consumed1 

Water Ground- Surf a c e  
a p p l i e d  wa te r  Water 

(ac- in /ac)  (KWH/ac) (KWH/ac) 

30.9 913.2 174.5 
10.9 415.5 261.5 
1 9 . 1  617.1 204.9 

4.6 174.1 115.2 
24.1 945.6 635.7 
22.0 821.3 539.7 

9.0 335.7 210.2 
12.4 424.1 241.5 
27.0 804.8 169 .1  

27. o3  259.4 K W H / ~ C ~  

52,5130 ac-f t 9525.89 MWH 

2 7 . 0 ~  325.34 KWH/ac4 



I r r i g a t e d  c rops  w i th  t h e i r  water and energy r e q u i r e -  

ments a r e  l i s t e d  i n  Table 21. The suba rea  i r r i g a t e d  175,494 

a c r e s  i n  1975. Major i r r i g a t e d  c rops  and t h e i r  cor responding  

ac reages  were: hay and p a s t u r e ,  107,682 a c r e s ;  s m a l l  

g r a i n s ,  27,664 acres; suga r  b e e t s  ,, 10,O 88 a c r e s ;  f i e l d  

corn ,  8,683 a c r e s ;  vege t ab l e s ,  6,411 a c r e s ;  p o t a t o e s ,  6,200 

acres; legume s e e d ,  4,922 acres; and min t ,  hops and d i l l ,  

2,078 acres. 

The suba rea  had 621,541 a c r e - f e e t  of  w a t e r  a p p l i e d  and used 

25,121 MWH of e l e c t r i c i t y  f o r  i r r i g a t i o n  i n  1975. Engineer ing ' 

des ign  requi rements  f o r  t h e  cor responding  p e r i o d  w e r e  

720,988 a c r e - f e e t  o f  wa te r  and 29,141 MWH o f ' e l e c t r i c i t y .  

Su r f ace  sou rces  w i t h  average on-farm pumping l i f t s  of 25 

f e e t  s u p p l i e d  9.6.8 p e r c e n t  o f  t h e  i r r i g a t i o n  water. The 

remaining 3.2 p e r c e n t  was ob ta ined  from groundwater s o u r c e s  ' 

wi th  average  pumping l i f t s  o f  63 f e e t .  Divers ion  pumping 

s u p p l i e d  45,541 a c r e - f e e t  o f  wa te r  t o  s u r f a c e  sou rces .  

Major t ypes  o f  i r r i g a t i o n  systems w e r e  g r a v i t y  (158,752 

a c r e s ) ,  hand move and. s i d e  r o l l  (15,456 acres) ,  and c e n t e r  . . 

p i v o t  (1,08,5 a c r e s )  . 



Table 21. 1975 water requirements  and exergy consumption f o r  i r r i g a . t i o n  i n  Malheur Subarea. 

l96.82 of t h e  water w a s  suppl ied  by s u r f a c e  sources  wi th  average on-farm pumpir-g l i f t s  of 25 f e e t  and . .. 
t h e  remaining 3.2% from gromdwater  w i th  average l i f t s  o f - 6 3  f e e t .  

*va lues  r ep re sen t  t:-.e engineer ing  s i z i n g  of water  and energy r equ i r ed  t o  provide a crop 8 yea r s  ou t  
of 10. 

. . 
3 ~ v e r a g e  water consume3 f o r  a l l  crops i n  subregion.  

. . 4 ~ v e r a g e  energy requi red  f o r  a l l  c rops  and water  sources  i n  subarea.  

Design ~ e ~ u i r e m e n t s ~  

Energy consumed1 

Water Ground- Surf a c e  
Applied wat_er Water 

(ac- in /ac)  (KWH/ac) ( m l a c )  

55. u 1,334.8 106.8 
34.8 834.2 63.9 
38.5 917.1 66.7 
42.9 1,025.0 74.6 
42.3 1,025.4 91.3 
39.7 947.9 68.6 
49. L 1,180.4 98.4 
37.2 890.1 64.8 
48.1 773.3 96.2 

49.33 128.3 KWH/ac4 

5 2 , 8 2 7 . 5 6 a c - f t 6 , 6 2 4 . 9 2 0 m  

49.z3 166.05 KWH/ac4 

1975 Requirements 

Energy consumed1 

Water Ground- Su r f ace  
App hied water  Water 

(ac- in lac)  (KWH/ac) (KWHlac) 

47.8 , 1,150.7 92.1 
30.0 719.1 55.1 
33.1 790.6 57.5 
37.0 883.6 64.3 
35.5 884.0 78.7 
32.4 817.2 59.1 
42.4 1,017.6 84.8 
32.1 767.4 55.8 
41.5 666.7 83.0 

42.53 110.6 KwI4/ac4 

4 5 , 5 4 1 a c - f t  5,711.138MWH 

42. 53 143.14 KWH/ac4 

Crop 

Hay and p a s t u r e  
Grain 
F i e l d  corn  
Legume seed 
Po ta toes  
Mint, hops and d i l l s  
Sugar b e e t s ,  sugar  
Vegetables  
Unenumerated 

\ 

On-farm s u b t o t a l  

Pumping d i v e r s i o n  

T o t a l  

Acres 
I r r i g a t e d  

107,582 
27.564 

8,383 
4,922 
6,200 
2,078 

10,388 
6, $11 
2,366 

175,494 

-- 

175,494 



SUBREGION 6  

Lower Snake 

This subreg ion  c o n s i s t s  of t h e  lower t h i r d  o f  t h e  Snake 

River Basin  and i n c l u d e s  cont iguous  l a n d  i n  t h r e e  s t a t e s  -- 
Oregon, Washington and 1daho. Of t h e  22.5 m i l l i o n  a c r e s  i n  

t h e  subreg ion ,  70 p e r c e n t  a r e  i n  Idaho,  16 p e r c e n t . i n  . 

Washington and t h e  remaining 1 4  p e r c e n t  i n  Oregon. 

. T h i s  r eg ion  i n c l u d e s  t h e  d ra inage  a r e a s  o f  t h e  Snake 

River and i t s  t r i b u t a r i e s  from a b o v e . H e l l s  Canyon D a m  

downstream t o  t h e  conf luence o f  t h e  Snake and Columbia 

Rivers .  Major t r i b u t a r i e s  o f  t h i s  r each  o f  t h e  Snake R ive r  

a r e  t h e  Clearwater  and Salmon Rivers  i n  Idaho,  t h e  Pa louse  

and Tucannon Rivers  i n  Washington and t h e  Grande Ronde and 

Irnnaha Rivers  i n  Oregon. 

The subreg ion  v a r i e s  i n  e l e v a t i o n  from 340 f e e t  t o  .more 

than  12,000 f e e t  above . sea  l e v e l .  The a r e a  i s  r a t h e r  

rugged, w i t h  t h e  n o r t h e r n  s e c t i o n  c o n t a i n i n g  t h e  Walla Walla 

P l a t e a u ,  t h e  wes te rn  p o r t i o n  i n  t h e  Columbia P l a t e a u ,  t h e  

sou thern  sec t , ion  i n  t h e  Blue Mountain prov ince ,  and t h e  

e a s t e r n  p o r t i o n  i n  t h e  Northern 'Rocky Mountain prov ince .  

The Lower Snake has  been p a r t i t i o n e d  i n t o  t h e  fo l lowing  f i v e  

subareas  shown i n  F igure  7: Pa louse  Lower Snake, 'Grande ' 

Ronde , Clearwater ,  Salmon and. Upper Salmon. 

A t o t a l  o f  267,270 a c r e s  was i r r i g a t e d  i n  t h i s  subreg ion  

i n  1975. Almost h a l f  05 t h e  t o t a l  i r r i g a t e d  ac reage  (120,540 

'acres)'was i n  t h e  Upper Salmon s u b a r e a . .  I n  a d d i t i o n ;  Pa louse  

Lower Snake and Grande Ronde s u b a r e a s ' i r r i g a t e d  44,675 and 

83,465 acres, r e s p e c t i v e l y ,  i n  1975. 



Over h a l f  o f  t h e . s u b r e g i o n  w a s  i r r i g a t e d  w i t h  g r a v i t y  

systems (151,493 a c r e s )  . Remaining systems and t h e i r  

cor responding  ac reages  w e r e :  6  6,.827 a c r e s  o f  s i d e  r o l l ;  

27,758 a c r e s  o f  hand move; 15,657 a c r e s  o f ' c e n t e r  p i v o t ;  

2,000 a c r e s  o f  permanent; 1 ,297 a c r e s  of b i g  gun; 2,215 

a c r e s  o f  s o l i d  set ;  and 2 3  a c r e s  o f ' d r i p .  

Hay and p a s t u r e s  were t h e  major i r r i g a t e d  c rops ;  192,932 

a c r e s ,  r e p r e s e n t i n g  72 p e r c e n t  o f  t h e  subreg ion ,  w e r e  

i r r i g a t e d .  Add i t i ona l  i r r i g a t e d  c rops  w e r e  f i e l d  co rn ,  . 

ve ge 

and 

F igu re  7. Map o f  Subregion 6  c o n t a i n i n g P a l o u s e  ~ o w e r  Snake, 
Grande Ronde, Clearwater ,  Salmon, and Upper Salmon. 
Subareas.  



. . 
Approximately 67,4,998 a c r e - f e e t  o f  wa te r  w e r e  a p p l i e d  and 

125,666 MWH of e l e c t r i c i t y  were used i n  t h i s  subreg ion  f o r  i r r i -  

g a t i o n .  Engineer ing des ign  requi rements  f o r  t h i s  same p e r i o d  w e r e  

765 ,779 'acre - fee t  o f  wate r  and 140,378 MWH of  e l e c t r i c i t y .  

Clearwater  Subarea 

Clearwater  Subarea i s  l o c a t e d  i n  t h e  n o r t h e a s t e r n  

s e c t i o n  of t h e  subreg ion ,  which a l s o  i s  i n  c e n t r a l . I d a h o .  

The a r e a  i s  mainly conta ined  i n  Clearwater ,  Lewis and Idaho 

Count ies ,  Idaho. The d ra inage  b a s i n  i n c l u d e s  t h e  Clearwater  

River and i t s  t r i bu t a r i e s - -Nor th ,  South and Middle Forks  o f  

Clearwater ,  Locksa and Selway Rivers .  The rugged Clearwater  

Mountains and t h e  Se lway-Bi t te r roo t  Wilderness  are i n  t h e  

b a s i n .  

Table 2 2  c o n t a i n s  t h e  1975 energy and w a t e r  r equ i rements  

f o r  i r r i g a t i o n  i n  Clearwater  Subarea. T o t a l  i r r i g a t i o n  i n  

t h i s  subarea  was only  1,892 a c r e s ,  a l l  o f  which was a p p l i e d  

s o l e l y  by hand move systems.  I r r i g a t e d  c rops  and t h e i r  

ac reages  w e r e :  1 ,387 a c r e s  o f  hay and p a s t u r e s ;  145 a c r e s  

of f i e l d  corn ,  307 a c r e s  o f  vege t ab l e s ;  22 a c r e s  o f  f r u i t s ,  

n u t s  and b e r r i e s ;  and 31 a c r e s  of  p o t a t o e s .  

The 1,892 i r r i g a t e d  a c r e s  had 4,162 a c r e - f e e t  of  wa te r  a p p l i e d  

and used 1,449 MWH of e l e c t r i c i t y .  Engineer ing des ign  

requirements  w e r e  5,093 a c r e - f e e t  of  w a t e r  and 1 ,771 MWH o f  

e l e c t r i c i t y .  The a r e a  does n o t  c o n t a i n  d i v e r s i o n  pumping 

p l a n t s .  



Table  22. 1975 w a t e r  requ i rements  and energy consumption f o r  i r r i g a t i o n  i n  t h e  Clea rwate r  Subarea .  

' 100% of tile w a t e r  wss s u p p l i e d  by s u r f a c e  s o u r c e s  w i t h  a v e r a g e  on-farn  pumping l i f t s  of 35 f e e t .  
2 ~ a l u e s  r e ? r e s e n t  tl-.e e n g i a e e r i n g  s i z i n g  of w a t e r  and energy r e q u i r e d  K O  p r o v i d e  a c r o p  8 y e a r s  o u t  
of 10. 

3 ~ v e r a g e  w a t e r  cons~rned f o r  a l l  c rops  i n  subreg ion .  
4 ~ v e r a g e  energy r e q u i r e d  f o r  a l l  c rops  and w a t e r  s o u r c e s  i n  s u b a r e a .  

Design ~ e ~ u i r e r n e n t e *  

Energy Consumed ' 
Water Ground- Sur f  a c e  

Appl ied  w a t e r  Water 
(ac- in/=)  ( m / a c )  ( m / a c )  

37.1 - - 1,074.1 
32.6 - - 943.8 
9 ;8 - - 283.7 

37.7 -- 1,091.5 
36.5 - - 1,056.8 

32.33 935.8 K W H / ~ C ~  

- - - -. 

32.. 33 935.8 K W H / ~ C ~  

- .  

1975 Requirements  

Energy Consumed ' 
Water Ground- Sur f  ace 

Appl ied  w a t e r  ~ a t e q  
(ad- in lac )  (KWH/ac) (KWHIac) 

30.5 -- 883.0 
25 -7  -- 744.1 
.7 . 7 -- 229.9 
29.2 - - 845.4 
32.3 -- . 935.2 

2 0 . 4 ~  765.7 KWH/ac4 

- - - - 

26. 43 765.7 K W H / ~ C ~  

Crop 

Hay & 
.F ie ld  c o r n  
Vege tab les  
F r u i t ,  n u t s ,  b e r r i e s  
P o t a t o e s  . 

S u b t o t a l  

Pumping d i v e r s i o n  

T o t a l  

Acres  
I r r i g a t e d  

1,387 
145 
307 
2 2 
3 1 

1,892 

- - 

1,892 



Palouse-Lower Snake Subarea  

Located i n  t h e  s o u t h e a s t e r n  c o r n e r  o f  Washington, t h i s  

s u b a r e a - , c o n t a i n s  p a r t s  o f  L inco ln ,  .Spokane, Adams, Whitman, 

. F r a n k l i n ,  Walla Wal la ,  Columbia, d a r f i e l d  and A s o t i n  Coun t i e s ,  

Washington; p a r t  o f  Latah County, Idaho i s  a l s o  i n c l u d e d .  

The suba rea  i n c l u d e s  t h e  lower s e c t i o n  o f  t h e  Snake R ive r  

from i t s  mouth t o  Lewiston. Pa louse  Lower Snake i s  a h i g h l y  

p roduc t i ve  d r y l a n d  wheat r e g i o n .  ' 

Table  23 l is ts  t h e  1975 energy and w a t e r  r equ i r emen t s  

f o r  i r r i g a t i o n  i n  t h i s  a r e a .  A t o t a l  o f  44,675 acres w a s  i r r i g a t e d  

i n  1975. The major  i r r i g a t e d  c r o p s  w e r e :  s m a l l  g r a i n s  w i t h  

15,856 acres; 13,049 a c r e s  o f  hay and p a s t u r e ;  and 7,967 

a c r e s  o f  p o t a t o e s .  Grass s eed ,  v e g e t a b l e s ,  f r u i t s ,  n u t s ,  

b e r r i e s ,  and s u g a r  b e e t s  w e r e  a l s o  i r r i g a t e d .  

Approximately 116,530 a c r e - f e e t  o f  wa t e r  w e r e  a p p l i e d  and 

81,041 MWH o f  . e l e c t r i c i t y  . w e r e  consumed on t h e  44,675 a c r e s  i n  

1975. Engineer ing  d e s i g n  r equ i r emen t s  w e r e  122,112 a c r e - f e e t .  and 

85,092 MWH of  e l e c t r i c i t y .  I n  a d d i t i o n ,  92,648 ac r e - f , e e t  o f  

wa te r  w e r e  d e l i v e r e d  t o  s u r f a c e  s o u r c e s  by l i f t i n g  w a t e r  200 

f e e t .  

S i d e .  r o l l  and c e n t e r  p i v o t  w e r e  t h e  predominant  i r r i g a t i o n  

systems w i t h  20,687 and 15,000 a c r e s ,  r e s p e c t i v e l y ,  i n  1975. 

A d d i t i o n a l  sys tems  and t h e i r  a c r e a g e s  w e r e :  hand move w i t h  

4,850 a c r e s ;  permanent w i t h  2,000 a c r e s ;  s o l i d  s e t  w i t h  

1 ,038 a c r e s ;  b i g  gun w i t h  1,000 acres ;  and g r a v i t y  w i t h  100 

a c r e s .  



Table 23. 1975 water requirements  and energy consumption f o r  i r r i g a t i o n  i n  t h e  Palouse Lower 
Snake S ubarea . 

'80% of t h e  water was suppl ied  by s u r f a c e  sources  wi th  average on-3ara pumping l i f t s  of 35 f e e t  and 
t h e  remaining 20% from groundwater wi th  zverage l i f t s  of 200 f e e t .  -.  

2 ~ a l u e s  r ep re sen t  t h e  sngineer ing  s i z i n g  c f  water and energy r equ i r ed  t o  provide a c rop  8 yea r s  ou t  
of 10. 

3 ~ v e r a g e  water  consumed f o r  a l l  c rops  i n  subregion.  
4 ~ v e r a g e  energy r equ i r ed  f o r  a l l  c rops  and water sources  i n  subarea;  

Design ~ e ~ u i r e m e n t s *  

Energy Consumed ' 
Water Ground- Surf a c e  

Applied wa te r  ~a t er 
(ac- in lac)  ( w / a c )  (KWH/ac) 

45.3 2,576.0 1,432.2 
19.9 1,137.4 631.2 
30.0 1,814.8 1,055.0 
43.1 2,361.6 1,279.2 
34.2 1,837.0 998.8 
53.8 2,942.3 1,590.6 
38.6 2,311.0 1,28$.0 

3 2 . ~ ~ ~  1,218.6 flJIj/ac4 

97,280 EC-ft  30,650.812 WH 

32.e3 1,904.68 K W H / ~ ~ ~  

1975 Requirements 

Energy Consumed ' 
Water Ground- Surf a c e  

Applied water  Water 
( ac - in l ac )  ( ~ ~ H l a c )  (KWHlac) 

43.2 2,453.3 1,364.0 
19.0 1,083.2 601.0 
28.6 1,728.4 1,004.7 
41.0 2,249.1 1,218.3 
32.6 1,749.5 951.3 
51.2 2,802.2 1,514.9 
36.9 2,200.9 1,222.8 

3 1 . 3 ~  1,160.6 ICwkI/ac4 

02:648 ac - f t  29,191.249 MWH 

3 1 . 3 ~  1,814.0 K W H / ~ C ~  

Crop 

Hay and p a s t u r e  
Grain 
Pota toes  
Grass and legume s e l d  
Vegetables 
F r u i t s ,  n u t s  & b e r r i e s  
Sugar b e e t  sugar  

On-farm s c b t o t a l  

Pumping d i v e r s i o n  

T o t a l  

Acres 
I r r i g a t e d  

13,049 
15,856 

7,967 
572 

2,681 
1,800 
2,750 

44,675 

-- 

44,675 



' Grande Ronde Subarea 

'Grande Ronde Subarea  i s  l o c a t e d  i n  t h e  n o r t h e a s t e r n  c o r n e r  

of  Oregon and s o u t h e a s t e r n  Washington. I t  c o n t a i n s  Wallowa and 

p a r t  o f  Union Coun t i e s ,  Oregon, and . p a r t s  o f  A s o t i n ;  ' ~ a r f i e l d ,  

and Columbia Coun t i e s ,  Washington. The a r e a  i n c l u d e s  h i g h  

mountainous r e g i o n s ,  r o l l i n g  sage-covered h i l l s  and f e r t i l e  

v a l l e y s .  I n  t h e  n o r t h e a s t e r n  p o r t i o n  i s  a  r ange  a r e a  where 

r i v e r s  have deep ly  c u t  i n t o  rock fo rma t ions  a l o n g  t h e  Grande 

Ronde River .  A g r i c u l t u r e  and t imber  p r o d u c t i o n ' a r e  t h e . a r e a l s  

pr imary i n d u s t r i e s .  

Energy and w a t e r  r equ i r emen t s  i n  1975 f o r  i r r i g a t i o n  i n  

t h i s  a r e a  are l i s t e d  i n  Table  24 . .  A t o t a l  o f  83,465 a c r e s  . ' 

was i r r i g a t e d  i n  1975 w i t h  hay and p a s t u r e  a c c o u n t i n g  f o r  . 

46,982 a c r e s .  Small g r a i n  g r a s s  s eed ,  p o t a t o e s ,  d r i e d  beans  

and peas ,  f r u i t s ,  n u t s  and b e r r i e s  w e r e  a l s o  i r r i g a t e d .  

The 83,465 a c r e s  had .171,799 a c r e - f e e t  o f  water ' app l ied  and 

used 32,885 MWH' o f  e l e c t r i c i t y .  Corresponding e n g i n e e r i n g  d e s i g n  

requ i rements  . w e r e  223,269 a c r e - f e e t  o f  w a t e r  and 42,650 MWH 

of e l e c t r i c i t y .  S u r f a c e .  s o u r c e s ,  w i t h  average  on-farm l i f t s  

o f  20 f e e t ,  s u p p l i e d  93.1 p e r c e n t  o f  t h e  wa te r .  The remain ing  

6.9 p e r c e n t  was o b t a i n e d  from groundwater  w i t h  average  l i f t s  

o f  26 f e e t .  

S ide  r o l l  sys tems i r r i g a t e d  ove r  55 p e r c e n t  o f  t h e  

suba rea ,  w i t h  46,702 acres. Other major  sys tems w e r e  

g r a v i t y  w i t h  25,168 a c r e s  and hand move w i t h  .10,403 acres. 



T a b l e  24. 1975 wa.ter r e q l i r e m e n t s  and energy consumption f o r  i r r i g a t i o n  i n  t h e  Grande Ronde Subarea.  

l93.1% of  t h e  w a t e r  w ~ s  s u p p l i e d  by s u r f a c e  s o u r c e s  w i t h  average'  on-farm punping l i f t s  of 20 f e e t  
and t h e  remaining 4 .5% f r ~ m  groundwater w i t h  a v z r a g e , l i f t s  of 26 f e e t .  

2 ~ a l u e s  r e p r e s e n t  t h e  e n g i n e e r i n g  s i z i n g  of wa te r  and energy  r e q u i r e d  t o  p r c v i d e  a c r o p  8 y e a r s  o u t  
of 19.  

3 ~ v e r a g e  w a t e r  consumed f o r  a l l  c r d p s  i n  subreg ion .  
4 ~ v e r a g e  energy r e q u i r e d  f 3 r .  a l l  c r o p s  and w a t e r  s o u r c e s  i n  subarea .  

Design ~ e ~ u i r e m e n t s  

Energy Consumed 

Water Ground- Surf  a c e  
Appl led  w a t e r  Water 

(ac - in /ac )  (KWH/ac) ( m / a c )  

41.? 998.9 493.0 
21.6 602.0 540.3 

4.0 114.0  109.5 
39.9 1 ,153.2  1 ,116 .8  
11. ? 327.2 316.5 
33.?  849.5 - - 

~ 2 . 1 ~  511.0 K W H / ~ C ~  
C -- -- 

32.13 511.0 KWH/ac4 

1975 Requirements  

Energy Consumed' 

Water Ground- Sur f  a c e  
Appl ied w a t e r  Water 

( a c - i n l a c )  (KWH/ac) (KWHIac) 

32.1 768.4 379.3 
16.6 463.1 415.6 

3 . 1  87.7 84.2 
30.7 887 .1  859.0 

9.0 251.7 243.4 
25.6 653.5 -- 

24.73 394.0 KWH/ac4 

-- -- 

2 ~ . 7 ~  394.0 KWH/ac4 

Crop 

Hay and p a s t u r e  
Gra in  
Grass  seed 
P o t a t o e s  
Dry beans  and peas  
F r u i t ,  n u t s  & b e r r i e s  

On-farm s u b t o t a l  

Pumping d Lver s i o n  

T o t a l  

Acres  
I r r i g a t e d  

46,982 
29,040 

3,566 
905 

2,675 
297 

83,465 

-- 

83,465 



Salmon Subarea 

The Salmon Subarea i s  l o c a t e d  i n  wes te rn  Idaho and 

c o n t a i n s  , p a r t  of Val ley ,  Idaho,  L e w i s ,  Nez Pe rce ,  Adams, 

Cus te r  and Lernhi Count ies .  The a r e a  inc , ludes  t h e  Salmon 

River d ra inage  b a s i n  below t h e  North Fork and Idaho t r i b u t a r i e s  . . 
o f  t h e  Snake River  from H e l l s  Canyon t o  t h e  mouth o f  t h e  

Salmon, The Salmon River Mountains are a l s o  i nc luded  i n  

t h i s  suba rea  and c o n t a i n  some of  t h e  r e g i o n ' s  mo.st rugged 

landscape.  

Table 25 c o n t a i n s  . t h e  1975 i r r i g a t i o n  w a t e r  and energy " 

requirements  f o r  t h e  Salmon Subarea.  The a r e a  con ta ined  

16,698 i r r i g a t e d  a c r e s  w i t h  .hay and p a s t u r e  consuming 99 
I '  

p e r c e n t  o f  t h e  acreage .  Remaining i r r i g a t e d  c rops  were f i e l d  

corn ,  v e g e t a b l e s ,  p o t a t o e s ,  f r u i t  and n u t s .  

A t o t a l  of 57,051 a c r e - f e e t  o f  wate r  w a s ' a p p l i e d  and 4',418 ' ,  . 

MWH of  e l e c t r i c i t y  was .used t o  i r r i g a t e  t h e  16,698 a c r e s .  Engi- 

n e e r i n g ' d e s i g n  requirements  f o r  t h e  cor responding  p e r i o d  

were 63,731 a c r e - f e e t  o f  w a t e r  and 4,934 MWH o f  e l e c t r i c i t y .  

, S u r f a c e  wa te r ,  w i t h  average on-farm l i f t s  of  53  f e e t ,  supp l i ed  

99 p e r c e n t  of  t h e  i r r i g a t i o n  wate r ;  t h e  remaining one p e r c e n t  

w a s  ob t a ined  from groundwater w i t h  50 f e e t  l i f t s .  The 

subarea  d i . d ' n o t  c o n t a i n  l a r g e  d i v e r s i o n  pumping s t a t i o n s .  

Again, t h e  m a j o r i t y  (76 p e r c e n t )  o f  t h e  i r r i g a t i o n  was 

by g r a v i t y  systems;  t h e  remaining acreage  (4.013 a c r e s )  

was i r r i g n t c d  wi th  hand move systems.  



Table 25. 1975 waxer requirements  and exergy consumption f o r  i r r i g ~ t i o n  i~ Salmon Subarea. 

Crop 
~ c r s s  

I r r i g a t e d  

1975 Requirements 

Energy consumed1 

Water Ground- Surf a c e  
Applied water  Water 

(ac- in lac)  (lS~H/ac) (KWH/ac) 

Design ~ e ~ u i r e m e n t s  

- Energy consumed1 

Water Ground- s u r f  a c e  
~ < G l i e d  water  Water 

(&- in lac)  (&/ac) ( M l a c )  

Hay and p a s t u r e  
Vegetables  
corn  
F r u i t s ,  n u t s  & b e r r i e s  
Po ta toes  

Oq-farm s c b t o t a l  1 1 6 , 6 9 8 1  4 1 . 0 ~  264.6 1 m / a c 4  45..s3 295.5 Kw/ac4  % .  

Pumping d i v e r s i o n  

T o t a l  

l99% of t h e  water  was* suppLied by s u r f a c e  sources  wi th  average on-fara  pumping l i f t s  of 53 f e e t  and 
t h e  remaiqing 1% from groundwater w i th  average l i f t s  of 50 f e e t .  

2 ~ a l u e s  r e p r e s e n t  the =ngineer ing  s i z i n g  a f  water  and energy r equ i r ed  t o  provide a c rop  8 yea r s  
ou t  of 10. 

3 ~ v e r a g e  water  consumed f o r  a l l  crops i n  subregion.  
4 ~ v e r a g e  energy r equ i r ed  f o r  all crops  and water  sources  i n  subarea.  



upper Salmon Subarea'  

Upper Salmon Subarea  i s  l o c a t e d  i n  t h e  s o u t h e a s t e r n  

c o r n e r  o f  t h e  sub reg ion .  The suba rea  i n c l u d e s  t h e  Salmon,  

River  down t o  and i n c l u d i n g  t h e  North Fork and t h e  Lemhi and 

Pahs imero i  Rivers .  Except  f o r  ca t t le  r anches  and a  f e w  

s m a l l  towns, t h i s  b a s i n  i s  l a r g e l y  un inhab i t ed .  The Salmon 

R ive r  and i t s  t r i b u t a r i e s  s u p p o r t  a major  p o r t i o n  o f  t h e  

l a s t  remain ing  salmon and s t e e l h e a d  i n  Idaho.  

The 19 75 i r r i g a t i o n  w a t e r  a p p l i c a t i o n  and energy  

consumption a r e  r e p o r t e d  i n  Table  26. Over 120,500 acres 

were i r r i g a t e d  i n  1975. Nine ty- f ive  p e r c e n t  o f  t h e  t o t a l  

i r r i g a t e d  ac r eage  produced hay and p a s t u r e  (115,029 a c r e s )  . 
I n  a d d i t i o n ,  5 ,343 acres o f  sma l l  g r a i n s  w e r e  i r r i g a t e d  p l u s  

l i m i t e d  ac r eages  of p o t a t o e s ,  v e g e t a b l e s ,  f r u i t  and n u t s .  

The s u b a r e a  a p p l i e d  325,458 ac r e - f ee . t  o f  w a t e r  and u sed  5,472.5 

MWH ,of e l e c t r i c i t y  i n  1975. Engineer ing  d e s i g n  requirements . '  

f o r  1975 were 351,575 a c r e - f e e t  o f '  w a t e r  and 5,930.5 MWH of 

e l e c t r i c i t y .  Su r f ace  s o u r c e s  s u p p l i e d  99.3 p e r c e n t  o f  t h e  . . 

i r r i g a t i o n  wa te r  i n  t h i s  suba rea ;  ' average on-farm l i f t s  were 

25 f e e t .   h he r e m a i n i n g 0 . 7  p e r c e n t  o f  t h e  wa te r  w a s  s u p p l i e d  

from groundwater  w i t h  average  l i f t s  of  100 f e e t .  

G r a v i t y  i r r i g a t i o n  sys tems predonunated,  w i t h  113,540 . ' 

acres. I n  a d d i t i o n ,  hand move and s i d e  r o l l  sys tems  i r r i g a t e d '  

6,600 and 400 a c r e s ,  r e s p e c t i v e l y .  



Table 26. 1975 wats r  r ~ q u i r e n e n t s  and energy consumption f o r  i r r i g a t L o n  i n  t h s  Upper Salmon Subarea. 

'99.3% of t h e  water  was suppl ied  by s u r f a c e  sources  wi th  average on-farm pumping l i f t s  of 25 f e e t  
. . 

and t h e  remaining 0.7W from groundwater wi th  average l i f t s  of 100 f e e t .  
2 ~ a l u e s  r ep re sen t  the e n g i n e e r i l g  s i z i n g  of  watar  and energy required t o  provide a c rop  8 yea r s  
ou t  of 10. 

. . 3 ~ v e r a g e  water  consmed f o r .  . a l l  c rops  i n  subregion.  
4 ~ v e r a g e  energy r equ i r ed  f o r  a l l  crops a l d  wa te r  sources  i n  subarea.  

. 

Crop 

Hay and p a s t u r e  
Grain 
Po ta toes  
Vegetables 
F r u i t s ,  n u t s  & b e r r i e s  

On- f arm sub t o t  a 1  

Pumping c i v e r s i o n  

T o t a l  

1975 Requirements 

Energy Consumed ' 
Water Ground- Surf  a c e  

Applied water  Water 
(ac- in lac)  (KWHIac) (~WH/ac:l 

Acres 
I r r i g a t e d  

115,029 
5,343 

160 
5 
3 

120,540 

- - 

120,540 

Design ~ e ~ u i r e m e n t s ~  

Energy Consumed ' 
Water Ground- Surf a c e  

Applied water  Water 
(ad-in/=) C W / a c )  ( m / a c )  

32.7 991.7 32.5 
26.5 800.5 158.6 
26.3 1,042.0 741.4 
13 .1  -- 0.0 
38.4 - - 0.0  

45.4 K W H / ~ C ~  

-- -- 

32 .43 45.4 K W H / ~ ~ ~  

I 

35.3 1,070.6 35.1 
29 -2 882.0 174.8 
28.2 1,117.3 79.5- 
14.2 -- 0.0 
41.6 - - 0.0 

3 5 . 0 ~  49.2 w / a c !  

-- -- 

35. o3 49.2 ~ / ~ ~ l a c ~  



SUBREGION 7 

Mid-Columbia 

This a r e a  inc ludes  approximately .29,000 square  mi les  o f  

land i.n Oregon and Washington between t h e  Cascade Range and 

t h e  Blue Mountains dra ined  by t r i b u t a r i e s  of t h e  Columbia 

River. Approximately 82 percent  of  t h e  a r e a  i s  i n  Oregon' 

and 18 pe rcen t  i n  Washington. 

Prominent land formations inc lude  t h e  Cascade Range on 

t h e  west ,  Horse Heaven H i l l s  on t h e  n o r t h ,  Blue Mountains on 

t h e  e a s t ,  and extens ive  uplands' on t h e  south.  The major tri- 

b u t a r i e s  of t h e  Columbia a r e  John Day, Deschutes, Hood 

River, Walla Walla, White Salmon, K l i c k i t a t  and Umatil la.  

To f a c i l i t a t e  t h e  d a t a  p r e s e n t a t i o n ,  t h i s  subregion i s  

divided i n t o  s i x  subareas  based upon hydrologic  boundaries  

(see Figure 8 ) .  The subareas  a r e  Northside ~ o l u m b i a ,  Walla 

Walla, Umatil la,  Hood, John Day, and Deschutes. 

. . I r r i g a t i o n '  f i r s t  appeared i n  t h i s  subregion dur ing  the  

l a s t  t h i r d  o f , t h e  n ine teenth  century.  Most of  t h e  e a r l y  

i r r i g a t o r s  used ' d i r e c t  d ive r s ions  from small  s t reams,  which 

involved an ind iv idua l  o r  small  group e f f o r t .  I r r i g a t e d  

acreages h a v e . s u b s t a n t i a l l y  increased  s i n c e  pre- twentieth 

century days wi th  s e v e r a l  l a r g e  concent ra t ions  of  i r r i g a t e d  

land which pump d i r e c t l y  from r i v e r s  v i a  pro jec t - type  

developments. 

This subregion contained 575,574.acres of ' i r r i g a t e d  

lands i n  1975 with Deschutes, Umatil la,  Northside Columbia, 

'Walla Walla, John Day and Hood Subareas i r r i g a t i n g  186,033 

a c r e s ,  156,803 a c r e s ,  79,000 a c r e s ,  70,462 a c r e s ,  56,491. 

a c r e s ,  and 26,785 a c r e s ,  r e spec t ive ly .  The subregion .had 
1,763,840 a c r e - f e e t  of water appl ied  and used 774,270.3 MWH of 

8 1 



Figure  8 .  Map- o f  Subregion 7  c o n t a i n i n g  Northside  Columbia, 
Walla ~ a l l a ' ,  Umat i l l a ,  Hood, John Day and Deschutes ' 

Subareas  .. 

e l e c t r i c i t y .  Engineer ing  des ign  requi rements  f o r  1975 w e r e  

1,731,544 a c r e - f e e t  o f  wate r  and 746,434.8 MWH of  e l e c t r i c i t y .  

Se l ec t ed  c r o p - s o i l  c o n d i t i o n s  coupled w i t h  management 

p r a c t i c e s  r e s u l t e d  i n  o v e r - i r r i g a t i o n  i n  p a r t s  (mainly 

Norths ide  Columbia, Walla Walla, Deschutes and Umat i l l a  

Subareas)  of  t h e  subreg ion .  These c o n d i t i o n s  e s c a l a t e d  t h e  



subregion ' s  a c t u a l  water a p p l i c a t i o n  and energy consumption 

above t h e  engineering design requirement,  even though o t h e r  p a r t s  

of t h e  subregion d id  not  have s u f f i c i e n t  i r r i g a t i o n  water .  

Of t h e  575,574 a c r e s  under, i r r i , g a t i o n ,  48 p e r c e n t ,  

277,264 a c r e s ,  contained hay and pas tu re .  Add i t iona l  . 

major crops inc lude  small  g r a i n s ,  p o t a t o e s ,  vege tab les  and 

g rass  seed.  Also,' l i m i t e d  .acreages of mint ,  hops,  d i l l ,  

f i e l d  corn,  sugar  b e e t s ,  d ry  beans and peas ,  g a r l i c ,  f r u i t ,  

nuts, and b e r r i e s  were i r r i g a t e d  i n  1975. A l l  major types  of 

i r r i g a t i o n  systems w e r e  used wi th  acreages a s  fol lows:  

195,003 a c r e s  of s i d e  r o l l ;  135,639 a c r e s  of c e n t e r  p i v o t ; ,  

134,843 a c r e s  of g r a v i t y ;  100,365 a c r e s  of hand move; 5,299 

a c r e s  of s o l i d  s e t ;  3,274. a c r e s  of permanent; and 246 a c r e s  

of d r i p .  

Wa'l'l'a' ~al ' l 'a '  'Sub a r e  a  

Walla Walla Subarea i s  loca ted  i n  nor theas te rn  Oregon . . 

and sou theas te rn  Washington. The subarea l i e s . i n  Columbia 

a n d  Walla W a l l a  Counties , Washington and Umat i l la .  County, 

Oregon. Th.e a rea  c o n s i s t s  of the  Walla Walla ~ i v e r  dra inage  . 

bas in  inc luding  t h e  Touchet River and M i l l  Creek. The 

southern,  p a r t  'of the subarea i s  mountainous. ' Local economy 

is  based l a r g e l y  on a g r i c u l t u r e  and produces a  v a r i e t y  of 

i r r i g a t e d  crops.  

Table 27 con ta ins  t h e  1975 i r r i g a t i o n  water  and '  energy 

requirements of t h e  Walla Walla Subarea.. This subarea had 

70,462 a c r e s  of i r r i g a t e d  crops wi th  hay, pas tu re  and small  

g r a i n s  encompassing almost 52 ,000.acres .  The subarea a l s o  

i r r i g a t e d  7,644 acres of vegetables ,  6,574 a c r e s  of g r a s s  

and legume seed,  and a v a r i e t y  of a d d i t i o n a l  l i m i t e d  acreage 

crops ,  



Table 27. 1975 water  requirements  and energy consumption f o r  i r r i g a t i o n  i n  Wslla Walla Subarea, 

l85% of t h e  water WEIS suppl ied  by s u r f a c e  sources  w i th  average on-farn pum?ing l i f t s  of 30 f e e t  and 
t h e  remaining 15% from grourdwater wi th  average  l i f t s  of 140 f e e t .  

2 ~ a l u e s  r ep re sen t  t h e  engineer ing  s i z i n 3  of water and ener3y requi red  t o  provide a c rop  8 yea r s  ou t  
of 10. 

3 ~ v e r a g e  water cons.~med f o r  all crops  i x  subregkor,. 
~ v e r a g e  energy r equ i r ed  f o r  a11 crops  and water  sources  i x  subarea.  

Design ~ e ~ u i r e m e n t s '  

Energy Consumed' 

Water Ground- Surf a c e  
Applied water  Water 

(ac- in lac)  ( w / a c )  (KWHIac) 

55 .1  2,438.2 1,408.0 
22.6 1,127.0 727.3 
38.0 1,618.4 808.6 
5 4 . 0  *. 2,664.1 1,681.3 
30.4 - 1,429.9 773.8 
34;7 - 1,741.0 1,153.4 
29.6 " 1,417.8 915.4 
28.6 1; 307.4 828.0 
44.6 1,994.9 565.4 
45.9 2,023.6 551.3 

42.5 3 1,181.6 KWH/ac4 

-- -- 

42. 53 1,181.6 K1JH/ac4 

1975 Requirements 
i 

Energy Consumed' 
I 

Water Ground- Surf a c e  
Applied water  Water 

( ac - in l ac )  (KWHlac) (KWH/ac) 

59.2 2,619.6 1,512.7 
23.1 1,151.9 743.5 
32.2 1,368.4 683.7 
53.4 2,634.5 1,662.7 
38.2 2,005.0 1,085.1 
42.7 2,134.1 1,418.4 
50.6 2,411.1 1,562.7 
24.2 1, i06 .3  700.0 
31.8 1,399.5 403.1 
45.5 2,005.9 546.5 

44.73 1,290.5 KWH/ac4 

-- -- 

44.73 1,290.5 KWH/ac4 

Crop 

Hay and p s s t u r e  
Grain 
Mint, hops and d i l l  
Grass and legume seed 
F i e l d  corn 
Po ta toes  
Sugar b e e t s ,  sugar 
Dry beans and peas 
F r u i t s ,  n u t s  & b e r r i e s  
Vegetables 

- 

On-farm s . ~ b t o t a l  

Pumping d i v e r s i o n  

T o t a l  

Acres  
I r r i g a t e d  

19,772 
21,946 
1 ,871  
6,574 
1 ,315  
2,292 

368 
8 5 

279 
7,644 

70,462 

-- 

70,462 



' ~ ~ ~ r o x i m a t e l ~ ,  262', 471 a c r e - f e e t  o f  i r r i g a t i o n  w a t e r ,  w e r e  . . 

a p p l i e d  i n  1975, which r e q u i r e d  90,931.2 MWH of  e l e c t r i c i t y .  

Engineer ing des ign  requirements  f o r  t h e  co r r e spond ing  y e a r  

w e r e  249,553 a c r e - f e e t  o f  w a t e r ' a n d  83,257.9 MWH o f  elec- 

t r i c i t y .  S ince  t o t a l  eng inee r ing  d e s i g n  v a l u e s  w e r e  less : 
than  a c t u a l  a p p l i c a t i o n s ,  s p e c i f i c  c r o p  l o c a t i o n s .  w i t h i n  t h i s  

subarea  w e r e  app ly ing  more w a t e r  t han  neces sa ry  f o r  optimum 

produc t ion .  However, unique p o r t i o n s  o f . t h e  suba rea  had 

inadequa te  wate r  a v a i l a b i l i t y  f o r  optimum p r o d u c t i v i t y  i n  

1975. Approximately 85 p e r c e n t  o f  t h e  on-farm i r r i g a t i o n  

water w a s  supp l i ed  from s u r f a c e  s o u r c e s  w i t h  30 f e e t  ave rage  ', 

l i f t s ;  t h e  remaining 15 p e r c e n t  w a s  s u p p l i e d  from ground- 

wate r  w i t h  140 feet  average l i f t s .  The area c o n t a i n s  

a  Bureau o f  Reclamation p r o j e c t  and s e v e r a l  f  armer-operated 

d i s t r i c t s .  I r r i g a t i o n '  sys tem t y p e s  and t h e i r  cor responding  

ac reages  were: s i d e  r o l l  w i t h  42,348 acres; hand move w i t h  . . 

10,918 a c r e s ;  c e n t e r  p i v o t  w i t h  9,239 acres; g r a v i t y  w i t h  

7,574 a c r e s ;  s o l i d  se t  w i t h  371 acres; and permanent w i t h  12 

a c r e s .  

\ 

Nor.ths.i.d . . . e Co'lumbi'a 'Subarea 

  his suba rea  l ies  e n t i r e l y  i n  s o u t h - c e n t r a l  Washington 

and i n c l u d e s  p a r t s  of  Skamania, Yakima, K l i c k i t a t  and Benton 

Count ies ,  Washington. The Columbia River  forms t h e  sou the rn  

border  from Kennewick on t h e  e a s t e r n  edge t o  s o u t h  o f  

Stevenson on t h e  wes te rn  edge. ~ 1 1  major s t reams  are i n  t h e  

wes te rn  h a l f  o f  t h e  suba rea ;  t h e  e a s t e r n  h a l f  c o n s i s t s  of  

d ry  g r a s s y  h i l l s .  

Table 28 l is ts  t h e  1975 wa te r  and energy r equ i r emen t s  
f o r  i r r i g a t i o n  i n  the Northside  Col&ia Subarea.  A t o t a l  

of  79,000 a c r e s  w a s  under i r r i g a t i o n  w i t h  s m a l l  g r a i n s ,  hay 

'and p a s t u r e  consuming 67  percent of t h e  t o t a l  ac reage .  



Table 28. 1975 water  requirements  and energy consumption f o r  i r r i g a t i o n  i n  ~ o r t h s i d ;  Columbia Subarea, 

Crop 

1975 Requirements 

Energy consumed1 

Hay and p a s t u r e  
Grain 
Po ta toes  
Sugar b e e t s ,  sugar  
Dry beans 
Legume and g r a s s  seed 
Mint 

m Vegetables  
rJl Orchard 

Design ~ e ~ u i r e m e n ~ s  2 

'Ei~ergy Conbumed 

Acres 
I r r i g a t e d  

On-farm s u b t o t a l  107.9 K W H I ~ C ~  112.0 gGl/qc4 

Pumping d i v e r s i o n  I -- I 33.4 180,854.5 MWH 216,882 a c - f t  187,776.5 W H  

Water Ground- Surf a c e  
Applied water  Water 

( ac - in l ac )  (~WHlac)  (KWH/ac) 

T o t a l  33. 43 2,397.1 K W H / ~ C ~  1 34.73 . 2 , 4 8 8 8  K W ~ l a c ~  

Water Ground- Surf a c e  
Applied wateg Water 

( ac - in l ac )  (KWH/ac) (KWd/ac) 

195% of  t h e  water  was suppl ied  by s u r f a z e  sources  w i th  average on-farm pumping l i f t s  of 0 f e e t  and 
t h e  remaining 5% fron: g ro-mdaater  wi th  average  l i f t s  of 200 f e e t .  

2 ~ a l u e s  r e p r e s e n t  t h e  engineer ing  s i z i n g  of water  and energy r equ i r ed  t o  provice  a c rop  8 yea r s  ou t  
of 10. 

3Average v a t e r  cons-med f o r  a l l  c rops  i n  subreg ion .  
4 ~ v e r a g e  energy r eqc i r ed  f o r  a l l  c rops  and water  sources  i n  subarea.  
C .  

11 s u r f a c e  water Las suppl ied  by pump d i v e r s i o n  w i t h  250 f e e t  l i f t s  and de l ive red  t h e  water  i n  a 
i p e l i n e  f o r  on-farm use.  



Almost 18,000 ac.res o f  po ta toes  w e r e  a l s o  i r r i g a t e d ,  a s  were 
. . 

small  acreages  of sugar  b e e t s ,  d ry  beans,  g r a s s  seeds ,  min t ,  

vege tab le s  and orchard  c rops . .  This  subarea  a l s o  had 50,000 

a c r e s  under c e n t e r  p i v o t  i r r i g a t i o n  systems. 

The subarea  had 219,883 ac re - fee t '  of  water  a p p l i e d  and 

used 189,370.9 MWH of e l e c t r i c i t y .  The 1975 eng inee r ing  

des ign  requirements  w e r e  228,442 a c r e - f e e t  o f  water  and 
, . 

196,623.1 MWH o f  e l e c t r i c i t y .  To reach s u r f a c e  e l e v a t i o n s ,  

water  from groundwater sources  (5  p e r c e n t  of  t o t a l )  had t o  

be l i f t e d  200 f e e t ;  95 p e r c e n t  of  t h e  water  was supp l i ed  

from a  pump d i v e r s i o n  which l i f t e d  water  250 f e e t  t o  a  

p r e s s u r i z e d  p i p e l i n e  f o r  on-farm o p e r a t i n g  p r e s s u r e s .  The 

ma jo r i ty  of t h e  t o t a l  acreage  was under c e n t e r  p i v o t  systems,  

w i th  50,240 a c r e s .  .Addi t ional  acreages  and systems w e r e :  

22,410 a c r e s ,  s i d e  r o l l ;  5,992 a c r e s ,  hand move; 2 0 0 . a c r e s ,  

d r i p ;  and 158 a c r e s ,  permanent. 

Umati l la  Subarea 

Umati l la  Subarea i s  completely conta ined  i n  n o r t h e a s t e r n  

Oregon. The,  subarea ex tends  northwest  from t h e  Blue Mountains 

t o  t h e  Columbia River and inc ludes  t h e  Umati l la  River and 

wiliow Creek Watersheds. P a r t s  o f  Umat i l la ,  Morrow and 

Gi l l i am count ies '  a r e  conta ined  w i t h i n  t h i s  subarea.  The 

economy i s  p r imar i ly  a g r i c u l t u r a l .  

I r r i g a t i o n  water  requirements  and energy consumption 

f o r  1975 i n  t h e  Umatil la Subarea a r e  1 i s t e d . i n  T.able 29. Of 

t h e  156,803 a c r e s  which w e r e  i r r i g a t e d ,  61,563 a c r e s  con- 

t a i n e d  hay and p a s t u r e .  I n  a d d i t i o n ,  47,211 a c r e s  of  smal l  

g r a i n s  and 25,717 a c r e s  o f  po ta toes  w e r e  i r r i g a t e d .  Other 



Table 29. 1975 water  requirements  and energy consumptfon of i r r i g a t i o n  i n  t h e  Umat i l l a  Subarea. 
+ 

Crop 
Acres 

I r r i g a t e d  

Hay and p a s t u r e  
Grain 
Pot.atoes 
F i e l d  co.rn 
Legume seed 
Grass seed 

03 
Mints ,  hops G d i l l  

03 Sugar b .eets ,  sugar  
Dry beans and peas  
F r u i t s ,  n u t s  & b e r r i e s  
Vegetables  

1975 Requirements 

Energy consumed1 

Water Ground- Su r f ace  
Applied water  Water 

(ac- in/ac)  ( w / a c )  (IWH/ac) 
i 

On-farm s u b t o t a l  1 156,803 1 32.63 1,028.0 KWH/ac4 1 38.73 I., 104.0 KwkI/ac4 

Design ~ e ~ u i r e m e n t s  * 
Energy Consumed ' 

Water Ground- Surf a c e  
Applied wa te r  Water 

(ac-in,'ac) (KWH/ac) (KWl/ac) 

T o t a l  156,803 1,997.2 KWH/ac4 38.73 1,935.7 KwlI/ac4 
. . 

Ppmping d i v e r s i o n  

1 
85.5% of t h e  wate- was suppl ied  by s u r f a c e  sources .  k i t h  average on-farm pumping l i f t s  of 30 f e e t  and' 
t h e  remaining 14.3% from groundwater w i t h  average l i f t s  of 115 f e e t .  

2 ~ a l u e s  r ep re sen t  she  engineer ing  s i z i n g  of water  and energy  r ec ju i r r t  t o  provide a c rop  8 yea r s  ou t  
0.f 10.  

3 ~ v e r a g e  water  consumed f o r  a l l  c rops  i n  subregion.  
Lverage energy requi red  Eor a l l  crops and water sources  i n  subarea.  

. . 
I 

-- 233,018 ac- f t  151,976.5 'MWH 1199,966 a c - f t  130,419.7 MWH 



i r r i g a t e d  c rops  inc luded  f i e l d  co rn ,  legume and g r a s s  s e e d s ,  

mint ,  hops, d i l l ,  sugar  b e e t s ,  d r y  beans ,  peas ,  vege . tab les ,  

f r u i t s ,  n u t s  and b e r r i e s .  

The 156,803 a c r e s ' o f ' i r r i g a t e d  -.. cropland  had 425,981 ac re -  
f e e t  o f  wate r  a p p l i e d  and used 167.0 MWH of  e l e c t r i c i t y ,  i n c l u d i n g  

d i v e r s i o n  pumping of  233,018 ac re - f ee t '  o f  wa te r  u t i l i z i n g  151;976.5 

MWH of  e l e c t r i c i t y .  Engineer ing . . des ign  requixements  were 505,689 

a c r e - f e e t  of  wate r  and 303,530.2 MWH o f  e l e c t r i c i t y .  Average . , ' . 

pumping l i f t s  f o r  s u r f a c e  sources ' ,  which supp l i . ed  85,8 p e r c e n t  o f '  

t h e  w a t e r ,  were 30 f e e t ,  and 115 f e e t  f o r  groundwater s o u r c e s ,  

I n  p a r t s  of  t h i s  suba rea ,  abundant w a t e r  w a s  a v a i l a b l e  

f o r  i r r i g a t i o n  and farmers  i n  g e n e r a l  used more than  s u f f i -  

c i e n t  t o  produce a crop.  However, i n  o t h e r  p o r t i o n s ,  a  
. . 

water sho r t age  e x i s t e d  and farmers  i r r i g a t e d  u n t i l  c r e e k s  
. . 

were d e p l e t e d ;  hay,  p a s t u r e  and s m a l l  g r a i n s  were produced 

i n  t h e s e  a r e a s .  Cente r  p i v o t  and s i d e  r o l l  w e r e  a g a i n  t h e  , .' 

predominant systems w i t h  71,614 and 57,625 a c r e s ,  respec-  

t i v e l y .  Addi t iona l  systems were: g r a v i t y  w i t h  16,217 

a c r e s ;  hand move wi th  7,932 acres; s o l i d  set  w i t h  3,279 

a c r e s ;  b i g  gun wi th  104 a c r e s ;  and permanent w i t h  32 acres . ,  

'John Day' Si.~,harea 

John Day Subarea,  i n  n o r t h - c e n t r a l  Oregon, c o n t a i n s -  t h e  

m a j o r i t y  o f  Gi l l i am,  Wheeler and Grant  Count ies .  The area 

c o n t a i n s  t h e  John Day River d ra inage ,  a r e g i o n  w i t h  canyons, 

grass-covered h i l l s  and f o r e s t e d  mountains. The economy i s  

based pximarily on agr icu3 t-lire and f o r e s t r y .  

Table  30 c o n t a i n s  t h e  1975 i r r i g a t i o n  wate r  and energy 
* requi rements  o f  the John Day Subarea. A t o t a l  of  56,491 . , 



Table 30. 1975 water requirements  and energy cmsumption f o r  i r r i g a t i o n  i n  t h e  John Day Subarea. 

. . 

' 91~2% of on-farm v a t e r  was pumped from s u r f a c e  sou rces  wirh average pumping l i f t s  of 20 f e e t  and. 
remainin3 from groundwater wi th  47 f e e t  l i f t s .  

2 ~ a l u e s  r s p r e s e n t  t h e  engineer ing  s iz i r -g  of w a t e r  and energy r equ i r ed  t o  provide a c rop  8 yea r s  ou t  
of 10. 

3 ~ v e r a g e  v a t e r  consumed f o r  a l l  c rops  fn subregion.  
4 ~ v e r a g e  Znergy reciuired f o r  a l l  crops a d  water  sources  i n  suba rea .  

Design ~ e ~ u i r e m e n f s '  

Energy Consumed ' 
Water Ground- Su r f ace  

Applied wa te r  Water 
(ac- in lac)  ( m / a c )  (KWH/ac) 

. 42.2 1,073.7 302.8 
23.0 758.5 636.7 
26.4 960.0 850.5 
25.3 748.5 526.6 
31.4 965.0 836.0 
31.6 853.5 . 371.1 
29.9 ' 743.1 208.2 
39.5 977.0 271.8 

39. 5.3 404.6 KwII/ac4 

- - - - 

39.5:3 404.6 K W H / ~ C ~  

1975 Requirements 

Energy consumed1 

Water Ground- Surf  a c e  
~ p p l i e d  water  Water 

(ac- in lac)  ( ~ ~ H l a c )  (KWHIac) 

38.4 976.1 275.3 
20.9 689.5 578.8 
24.0 872.8 773.2 
23.0 680.4 478.7 
28.5 877.3 760.0 
28.7 776.0 337.4 
27.2 675.2 189.0 
35.9 888.2 247.1 

35. g3 367.8 K W H / ~ C ~  

-- - - 

35.g3 367.8 K14'H/ac4. 

. ,. 

Crop 

Hay and p a s t u r e  
Grain 
Po ta toes  
Mint, hops & d i l l  
F r u i t s ,  n u t s  6 b e r r i e s  
G a r l i c  
Grass and legume sesd  
Unenumera t ed 

On-farm s ~ b t o t a l  

Pumping d i v e r s i o n  

T o t a l  

Acres . 

I r r i g a t e d  

45,445 
5,571 

522 
456 

70 
80 

214 
2,133 

56,491 

- - 

56,491 



a c r e s  was i r r i g a t e d  which included 46,445 a c r e s  of  hay. a n d '  

pas tu re .  Other i r r i g a t e d  crops included small  g r a i n s ,  

po ta toes ,  mint,  hops, d i l l ,  f r u i t ,  n u t s ,  b e r r i e s ,  g a r l i c  and 

g r a s s  seed. 

The subarea had 169,000 ac re - fee t ,  of water  app l i ed  and used . . 
20,777 MWH of e l e c t r i c i t y  i n  1975. Engineering design requirements  

were 185,950 ac re - fee t  of water and 22,856 MWH of e l e c t r i c i t y .  

Over 91 pe rcen t  of the  water was suppl ied  by s u r f a c e  sources  

wi th  average pumping l i f t s  o f . 2 0  f e e t ;  t h e  remaining water  

was suppl ied  from groundwater sources wi th  47 f e e t - a v e r a g e  

l i f t s .  , 

The subarea does not  con ta in  l a r g e  pumping d i v e r s i o n s .  

However, informal  non-profi t  d i t c h  companies d e l i v e r e d  p a r t  

of t h e  water  . t o  ind iv idua l  farmers.  Gravi ty systems irri- 

ga tedthe  major i ty  of t h e  acreage (33,426 a c r e s ) .  Of t h e  

p r e s s u r i i e d  systems, s i d e  r o l l ,  hand move, c e n t e r  p i v o t ,  

permanent, and s o l i d . s e t  i r r i g a t e d  13,924, 6,148, 2,210, 

738, and 45 ac.res,  r e spec t ive ly . '  

De's'chutes Subarea 

Deschute ,~  Subarea,. loca ted  i n  c e n t r a l  Oregon, inc ludes  

p a r t s  of  Sherman, Wasco, J e f f e r s o n ,  Crook, Deschutes, 

Klamath and Lake Counties.  The western edge of  t h i s  subarea 

borders  on t h e  Cascade Range. The Deschutes River and i t s  

major t r i b u t a r y ,  Crooked River,  provide high scen ic  and 

recreationa1.opportunities ranging from f o r e s t e d  mountains 

t o  d e s e r t s .  The subarea conta ins  s e v e r a l  s t o r a g e  r e s e r v o i r s  

,on t h e  Deschutes and Crooked Rivers.  Warm Springs Indian 

Reservat ion i s  a l s o  e n t i r e l y  wi th in  t h e  subarea and covers 

approximately a  35 s q u a r e , m i l e  s e c t i o n  extending from 



Deschutes River  westward n e a r l y  t o  t h e  crest o f  t h e  Cascade' 

Range, The s u b a r e a ' s  primary economic i n d u s t r i e s ' a r e -  

a g r i c u l t u r e ,  f o r e s t r y  and r e c r e a t i o n .  

The 1975 i r r i g a b l e  c rops ,  ' w a t e r  requi rements  and energy 

consumption f o r  Deschutes Subarea . a r e  . l i s t e d  i n  Table  31. 

Of t h e  186,033 a c r e s  under i r r i g a t i o n ,  110,881 a c r e s  w e r e  i n  

. hay and p a s t u r e  and 29,684 a c r e s  i n  s m a l l  g r a i n s .  The 

s u b a r e a  also i r r i g a t e d  min t ,  hops,  d i l l ,  g a r l i c ,  g r a s s  s e e d ,  

p o t a t o e s ,  f i e l d  co rn  and .legume. seed.  - T o t a l  i r r i g a t e d  

ac reage  r e q u i r e d  635,613 a c r e - f e e t  o f  wate r  a p p l i e d  and 128'.,,512 

MWH of  e l . e c t r . i c i t y  i n '  1975. Corresponding eng inee r ing  d e s i g n  

requi rements ,  499,188 a c r e - f e e t  o f  w a t e r  'and 101,407 MWH o f  

e l e c t r i c i t y ,  w e r e  less than  t h e  a c t u a l  requi rements ,  i n d i -  

c a t i n g  t h a t  some c rops  w e r e  o v e r - i r r i g a t e d .  O v e r - i r r i g a t i o n  

r e s u l t e d  from a combination of s o i l  c o n d i t i o n s  and management 

p r a c t i c e s .  P a r t  o f  t h e  a r e a  conta ined  sha l low,  l i g h t  

t e x t u r e d  s o i l s  w i t h  low water  ho ld ing  c a p a c i t i e s .  However, 

pump-back t a i l - w a t e r  systems w e r e  used on 13,560 a c r e s ,  

r e s u l t i n g  i n  extremely e f f i c i e n t  wa te r  management. 

over 9 6  p e r c e n t  of the i r r i g a t i o n  wate r  was s u p p l i e d  from 
s u r f a c e  sou rces  w i t h  17 f e e t  average l i f t s ,  most of which came 

from Bureau o f  Reclamation p r o j e c t s .  The remaining i r r i g a t i o n  

wate r  was ob ta ined  from groundwater sou rces  w i th  187 f e e t  aver-  

age l i f t s .  I n  a d d i t i o n ,  wate r  was p e r i o d i c a l l y  d i v e r t e d  from 

t h e  Crooked River  t o  supplement s u r f a c e  d i v e r s i o n  from t h e  

Deschutes River .  

Grav i ty  i r r i g a t i o n  was t h e  l a r g e s t  s i n g l e .  system, w i t h  

76,718 a c r e s .  Other systems inc luded :  57,631 a c r e s  of  s i d e  

r o l l ;  47,774 a c r e s  o f  hand move; 2,086 a c r e s  of c e n t e r  p i v o t ;  

1 ,185 a c r e s  of s o l i d  se t ;  and 643 a c r e s  of  b i g  gun. 



Table 31, 1975 water  requirements  and energy consumption of i r r i g a t i o n  i n  t h e  Deschutes Subarea, 

l36.5% of on-farm water  was pumped from s u r f a c e  sources  wi th  average pumping l i f t s  of 17 i e e t  and . 

remaining from'groundwater wi th  187 f e e t  l i f t s .  . 

2 ~ a l u e s  r ep re sen t  t h e  engineer ing  s i z i n g  of water  and e n e r g y  r equ i r ed  t o  provide a c r o p .  8 yea r s  ou t  
of 10. . , 

3 ~ v e r a g e  water  cor-sumed a l l  c rops  i n  subregion.  
4 ~ v e r a g e  energy r equ i r ed  f o r  a l l  c rops  and water sources  . i n  subarea.  

. . 
. .. 

Design ~ e ~ u i r e m e n t s ~  

Energy Consumed ' 
Water Ground- Surf a c e  

Applied water  Water 
(ac- in lac)  (~wH/ac )  (KWH/ac) 

38.5 1,887.6 607.3 
26.8 1,291.7 320.0 
24.1 1,143.3 387.5 

8.8 362.5 52.2 
24.3 1,281.9 652.4 

-22.9 -- 0.0 
22.9 1,043.1 310.2 
22.9 1,202.1 608.9 
22.9 1 ,052 .1  312.8 

32.23 536.3 KWH/ac4. 

6 ;714 ac-f t 1,637.5 MWH 

32.23 545.1 KWH/ac4 

' 1975 Requirements 

Energy Consumed ' 
Water Ground- Surf a c e  

Applied water  Water 
(ac- in lac)  (KwH/~c)  ( K W H / ~ C )  

48.4 2,373.0 763.4 
24.6 1,185.7 293.7 
33.4 1,584.5 537.1 

. 26.0 1,071.0 . 154.3 
46.4 2,447.8 1,245.8 
33.0 -- 0.0 
33.0 1,503.1 446.9 

- . 3 3 . 0  1,732.3 877.5 
33.0 1 ,516 .1  450.7 

4 1 . 0 ~  682.0 KWH/ac4 

6,714 ac - f t  1 ,637.5 MWH 

, 

4 1 . 0 ~  690.80 KWH/ac4 

Crop 

H a y  and p a s t u r e  
Grain 
Mints,  hops and d i l l  
Grass seed 
Po ta toes  
F i e ld  corn 
Legume seed 
G a r l i c  
Uaenumera t ed 

On-farm s u b t o t a l  

Pumping d i v e r s i o n  

Tot a 1  

Acres 
I r r i g a t e d  

110,881 
29, €84 
19, ?~56 
10,147 

6,491 
308 

83 
7 8 

8,805 

186,333 

-- 

186,033 



Hood Subarea 

Hood Subarea ,  i n  n o r t h - c e n t r a l  Oregon, c o n t a i n s  p a r t s  

of Hood and Wasco Count ies .  I t  i n c l u d e s  t h e  sou th - s ide  

t r i b u t a r i e s  of  t h e  Columbia River between t h e  Deschutes 

River  and t h e  crest o f  t h e  Cascade Range. The area a l s o  

i n c l u d e s  M t .  Hood and t h e  Columbia River  Gorge. A g r i c u l t u r e  

and f o r e s t r y  a r e  t h e  p r i n c i p a l  i n d u s t r i e s .  

The 1975 i r r i g a t e d  c rops ,  wate r  requi rements  and ene.rgy 

consumption are l i s t e d  i n  Table 32 f o r  Hood Subarea.  The 

suba rea  i r r i g a t e d  26,785 a c r e s ;  a lmos t  20,000 a c r e s  of 

f r u i t s ,  n u t s  and b e r r i e s  were i nc luded  i n  t h i s  t o t a l .  I n  

a d d i t i o n ,  5,823 a c r e s  o f  hay and p a s t u r e ,  p l u s  s m a l l  a c r eages  

o f  s m a l l  g r a i n s  and v e g e t a b l e s  w e r e  i r r i g a t e d .  

I n  1975, 50,892 a c r e - f e e t  of water were a p p l i e d  and 31,512.6 

MWH of  e l e c t r i c i t y  were consumed i n  Hood Subarea.  Eng inee r ing .  

des ign  requi rements  w e r e  62,722 a c r e - f e e t  o f  wate r  and . . 

38,760.6 MWH of e l e c t r i c i t y  f o r  1975,. Of t h e  t o t a l  irri- 

g a t i o n  w a t e r ,  71.5 p e r c e n t  was s u p p l i e d  from s u r f a c e  sou rces  

w i t h  an average . . l i f t  o f  50 f e e t  and, t h e  remaininq f r sm 

groundwater s o u r c e s  w i t h  average pumping l i f t s  o f  168 f e e t .  

Bureau o f  Reclamation p r o j e c t s  supp l i ed  8,021 a c r e - f e e t  o f  

wa.ter t o  5,495 ' a c re s  w i t h i n  t h e  subarea .  

Th i s  r eg ion  w a s  predominantly i r r i g a t e d  w i t h  p r e s s u r i z e d  

i r r i g a t i o n  systems.  There were 21,601 a c r e s  nf hand move, 

2,334 acres of permanent, 1,065 acrcg of side x o l l ,  419 

acres. o f  s o l i d .  set ,  250 acres o f  c e n t e r  p i v o t ,  162 acres o f  

b i g  gun, and 46 a c r e s  of  d r i p .  Grav i ty  systems i r r i g a t e d  

on ly  908 a c r e s .  



Table 32. 19r'5 water requirements  and energy consumption f o r  i r r i g a t i o n  i n  t h e  Hood Subarea. 

Acres 
I r r i g a t e d  

1975 Requirements 

Energy consumed1 

Hay and p a s t u r e  
Grain 
Vegetables  

/ F r u i t ,  n u t s  & b e r r i e s  

Design ~ e ~ u i r e m e n t s ~  

Energy consumed' ' . 

Ground- Surf a c e  Water 
Water . Applied water  

..(ac.-inlac) (KWH/ac) ( K W H / ~ C )  

03-f a r m  sub to  t a 1  I 267785 I 22.83 680.1 KWH/ac4 1 . 28.13 . 

836.6 KWH/ac4 

Water Ground- Surf a c e  
Applied water  Water 

(ac- in /ac)  (KWH/ac) ( M / a c )  

Pumping d i v e r s i o n  8,021 ac - f t  13,295 MWH 9,865 a c - f t  16,352 MWH 

Tota l  

l71.5% of on-farm-water was pumped from s u r f a c e  sources  wi th  average pumping l i f t s  of 50 f e e t  and 
remaining from groundwater wi th  168 f e e t  l i f t s .  

2 ~ a l u e s  r ep re sen t  t h e  engineer ing  s i z i n g  of water  and energy r equ i r ed  t o  provide a c rop  8 .years  ou t  
of 10. . . 

: ~ v e r a ~ e  water  consumed f o r  a l l  crops i n  subregio*. 
L . . .  Average e n e r . 3 ~  r equ i r ed  f o r  a l l  c rops  and water sources  i n  subarea.  ' 



S U B R E G I G N  8 

Lower Columbia 

T h i s  subreg ion  l ies  i n  sou thwes te rn  Washington and a 

s m a l l  a d j a c e n t  p o r t i o n  of Oregon ( s e e  F igu re  9 ) .  The r e g i o n  

c o n t a i n s  t h e  d ra inage  area a long  t h e .  n o r t h e r n  s e c t i o n  o f  t h e  

Columbia River from Bonnevi l le  Dam t o  t h e  ocean w i t h  t h e  

crest o f  t h e  Cascade Range a s  t h e  e a s t e r n  boundary; C l a t s k a n i e  

~ i v e r  Bas in ,  which ' con ta ins  Rai .n ie r ,  Oregon, i s  . . .  a l s o  i n  this 
subreg ion .  The area i n c l u d e s  Clark ,  Cowli tz  ,. and Wahkiakl~m . 

CouaLias, Wdshinyton, p o r t i o n s  o f  p a c i f i c ,  L e w i s ,  P i e r c e ,  

Skamania and Yakima Count ies ,  Washington and Columbia - , 

County, Oregon. 

F igu re  9. Map of  Subregion . . 8 c o n t a i n i n g  t h e  Lower Columbia 
River  B a s  i n .  

96 



The a r e a ,  which i s  approximately 85 pe rcen t  f o r e s t ,  

suppor ts  a  l a r g e  paper, pulp and wood process ing  economy. 

The Columbia f l o o d . p l a i n  from Por t land  t o  t h e  P a c i f i c  Ocean 

con ta ins  most of t h e  a g r i c u l t u r a l  lands o f  t h e  subregion.  

The 1975 i r r i g a t e d  crops ,  water requirements  and energy 

consumption a r e  l i s t e d  i n  Table 33 f o r  t h e  Lower Columbia 

Subregion. Over 13,000 ac res  were i - r r i g a t e d .  Hay and 

p a s t u r e  were t h e  l a r g e s t  i r r i g a t e d  crops ,  wi th  8,014 ac res .  

A l l  i r r i g a t i o n  water was suppl ied  by i n d i v i d u a l  farmer o r  

smal l  farmer-operated i r r i g a t i o n  d i s t r i c t s ;  t h e  a r e a , d o e s  

no t  con ta in  l a r g e  d ive r s ion  pumping p l a n t s .  

The subregion had 23,362 ac re - fee t  of water  app l i ed  and 

used 9,0007 MWH of e l e c t r i c i t y  f o r  i r r i g a t i o n  i n  19.75. Of ' the  

23,362 ac re - fee t ,  4 9  percent  was obta ined  from s u r f a c e  . . 

sources  wi th  average pumping l i f t s ' o f  32 f e e t  and t h e  

remaining 51 percent  from groundwater wi th  average l i f t s  of  

75 f e e t .  The 1975 engineering design requirements were ' 

27,056 ac re - fee t  of water and 10,449 MWH of e l e c t r i c i t y .  

Almost a l l  of t h i s  subregion was i r r i g a t e d  with hand 

move systems (11,607 a c r e s ) .  The remaining acreage was 

under t h e . f o l l o w i n g  systems: 960 a c r e s  of  s i d e  r o l l ,  262 

a c r e s  of b i g  yun,  200 ac res  of d r i p ,  and 10 a c r e s  of  s o l i d  

set.  



Table 33. 1975 water requirements  and energy consumption f o r  i r r i g a t i o n  i n  t h e  Lower Columbia Subregion,, 
C 

l49% of t h e  water  was suppl ied  by s u r f a c e  sources  wi th  average on-fa.rin pumping l i f t s  of 32 f e e t  and 
t h e  remaining 51% from groutdwater wi th  average l i f t s  of 75 f e e t .  

2 ~ a l u e s  r ep re sen t  :he engineer ing  s i z i n g  of water  and energy r equ i r ed  t o  provide a c rop  of 8 yea r s  out  
of 10. 

3 ~ v e r a g e  water  consumed f o r  a l l  c rops  i n  subreglon.  
4 ~ v e r a g e  energy r e ~ u i r e d  f o r  a l l  c rops  and water sources  i n  subregion.  

Design ~ e ~ u i r e r n e r i t s ~  

Energy Consumed ' 
Water Ground- Surf a c e  

Applied , water Water 
(ac- in /ac)  (KWH/ac) (KWH/ac) 

28.1 1,024.7 836.9 
4 . €6 165.7 135.3 

29.5 731.8 595.0 
20.3 675.9 542.2 
16 .1  565.1 459.5 
24. T 866 .O 704.1 
24.9 950.3 786.7 

24.q3 801.4 K14'H/ac4 

- - - - 

~ 4 . 9 ~  801.4 ICwI-I/ac4 

1975 Requirements 

Energy ~onsurned'  

Water Ground- Surf a c e  
Applied water  Water 

( ac - in l ac )  (KWH/?C) ( K W H / ~ C ~  

24.7 883.4 721.5 
4.0 142.8 116.6 

18.0 630.9 512.9 
17 .5  582.6 467.5 
13.9 487.2 396.1 
21.3 746.5 606.9 
21.5 819.3 678.2 

2 1 . 5 ~  690.8 K W H / ~ C ~  

-- -- 

21. 53 690.8 KWH/ac4 

Crop 

Hay and p a s t u r e  
Grain 
Vegetables 
F r u i t s ,  n u t s  & b e r r i e s  
Po ta toes  
Mint, h o ~ s  & d i l l  
Unenumerated 

On-farm s u b t o t a l  

Pumping d i v e r s i o n  

To ta l  

Acres 
I r r i g a t e d  

8,014 
573 

2,651 
1,429 

6 1 
126 
185 

P3,039 

- - 

k3,039 



SUBIEGION 9 

Willamet te  

.:. . 
. ; 

The Wi l lamet te  Subregion covers  approximately  12,000 

squa re  m i l e s  and. i n c l u d e s  t h e  Wi l lamet te  and Sandy River . 

dra inage  b a s i n s .  The Wil lamet te  River and i t s  t r i b u t a r i e s  

d r a i n  most o f  t h e  subreg ion  and ' j o i n  t h e  Columbia River a t  . 

Por t l and ,  Oregon. . The r i v e r  i s  t h e  l a r g e s t  Columbia River  

t r i b u t a r y  below Bonnevi l le  Dam. The subreg ion  i s  bounded o n '  

t h e  sou th  by t h e  Calapooya Mountains, on t h e  n o r t h  by t h e  

Columbia River ,  on . t h e  e a s t  by t h e  Cascade Mountains. and on 

t h e  w e s t  by t h e  Coast  Range. The Wi l lamet te  Val ley c o n t a i n s  

about  3,500 square  m i l e s  of  g e n t l y  s l o p i n g  l ands  w i t h  an 

occas iona l  b u t t e  ( s e e  F igu re  10)  . 

The Wi l lamet te  Subregion i r r i g a t e d  262,063 a c r e s  i n  

1975. The types  o f  c rops ,  wate r  requi rements  and energy con- 

sumption f o r  i r r i g a t i o n  are l i s t e d  i n  Table  34. High 

q u a l i t y  vege tab l e  p roduc t ion ,  f o r  which t h e  subreg ion  i s  
f world renowned, i r r i g a t e d  more acreage  (-83,576 a c r e s )  t h a n  any 

ot ,her  crop.  I n  + a d d i t i o n  t o  s p e c i a l t y  c rops ,  such a s  sugar ,  

b e e t . s e e d ,  g r a s s  s eed ,  hops,  min t  and d i l l ,  t h e  subreg ion  

i r r i g a t e d '  t r a d i t i o n a l  ac reages  o f  hay, p a s t u r e ,  g r a i n  and 

f i e l d  corn .  

The subreg ion  had approximately  345;050 'acre.-fee:t o f '  wa te r  

app l i ed  and used 131,899.1 MWH. of  e l e c t r . i c i t y  t o . i . r r i g a t e  a l l  

c rops  i n  19'75. The sub reg ion ' s  eng inee r ing  des ign  r equ i r e -  

ments f o r  1 9 7 5  w e r e  aboi!t. 41 9,301 a c r e - f e e t  sf water and 

160,277.7. MWH of e l e c t r i c i t y  f o r  t h e  corresponding c rops .  

I n d i v i d u a l  farm. i r r i g a t o r s  predominate t h e .  subreg ion .  

There a r e ,  however, s e v e r a l  sma l l  i r r i g a t i o n  d i s t r i c t s  (less 

than 3,000 a c r e s  each)  which a r e  ope ra t ed  by farmers  and'  



Table 34. 1975 water  requirements  and energy conscmption f o r  i r r i g a t i o n  i n  t h e  Wil lamette  Subregion. 

55% of on-farm water  was pumped from s u r f a c e  sources  wi th  average pumping l i f t s  of 20 f e e t  and remain- 
- i n g  from groundwater wi th  72 f e e t  l i f t s .  
Z Values r e p r e s e n t  t h e  engineer ing  s i z i n g  of water  and energy r equ i r ed  t o  p r c v i d ~  a crop 8 y e a r s  o u t  

of 10. - 

Crop 

Hay and pas tu re  
Grain 
Forage seed 
Grass seed 
F i e ld  corn 
Pota toes  
F r u i t s ,  n u t s  & b e r r i e s  
Vegetables  
s p e c i a l t y  h o r t i c u l t u r a l  
Sugar b e e t ,  seed  
Hops, mint 6 d i l l  
Unenumerated 

On-f arm s u b t o t a l  

Pumping d i v e r s i o n  

To ta l  

Average water  consumed f o r  all crops  i n  subregion.  
' Average energy requhred for a l l  crops and water  sources  i n  subregion.  

Acres 
Er r iga t ed  

67.488 
15 -904 
9.535 
5.448 
13.250 
2.411 
11,277 
83.576 
8.905 
3.300 
23.869 
17.100 

262,063 

-- 

262,063 

1975 Requirements 

Energy 'consumed1 

Water Ground- Surf a c e  
Applied water  Water 

(ac- in /ac)  ( h ~ / a c )  (KWH/ac) 

23.3 817.5 632.9 
10.2 366.6 285.7 
51.3 327.5 253.8 
3.1 108.5 83.9 
18.0 367.9 293.4 
12.7 441.6 341.0 
lA.6 509.4 392.9 
12.5 486.4 387.2 
28.3 994.9 770.7 
12.7 467.5 366.7 
15.3 541.0 -419.7 
15.8 548.8 397.6 

15.83 , 501.7 KWH/ac4 

2,820 a c - f t  422.046 MWH 

15. 83 503.3 KWH/ac4 

Design ~ e ~ u i r e m e n  ts 

Energy consumed ' 
Water Ground- Surf a c e  

Applied water Water 
( ac - in l ac )  (~WHlac)  (KWH/ac) 

28.2 989.5 766.0 
12.3 442.0 344.5 
11.6 408.5 316.5 
3.9 136.5 105.5 
12.5 459.9 366.7 
15.9 552.0 426.2 
18.3 638.4 492.5 
15.6 608.0 484.0 
35.4 1,244.5 964.0 
15.9 585.3 459.1 

' 15.8 , 558.6 433.4 
19.2 666.9 497.0 

19.2~ 609.6 K W H / ~ C ~  

3,427 ac - f t  512.835 MWH 

19.2~ 611.6 K W H / ~ C ~  



Figure  10.  Map o f  Subregion 9 c o n t a i n i n g  t h e  Wi l lamet te  
R i v e r  Basin.  

one Bureau o f  Reclamation p r o j e c t  which i r r i g a t e d  17,000 

acres'  i n  1975. Average pumping l i f t s  from water  source  t o  

f i e l d  e l e v a t i o n  .. - a r e  72 and. 20 feet f o r  groundwater and 

s u r f a c e  w a t e r ,  r e s p e c t i v e l y .  

Seventy-four p e r c e n t  (19 3,363 a c r e s )  of  t h e  subreg ion  . . 

was under hand move i r r i g a t i o n .  The remaining systems and 

t h e i r  corresponding acreages  w e r e :  37,566 a c r e s ,  s i d e  r o l l ;  

21,164 a c r e s ,  b i g  gun; 5,698 a c r e s ,  permanent; 2,679 acres, 

s o l i d  se t ;  1,466 a c r e s ,  g r a v i t y ;  and 117 a c r e s ,  d r i p .  

1 0 1  



SUBREGION 10 

Coastal  

The Coastal  Subregion runs from t h e  end of  Washington's 

Olympic Peninsula t o  t h e  C a l i f o r n i a  border ,  a  d i s t a n c e  of  

over 500 m i l e s .  The subregion conta ins  approximately 24,000 

square  miles  of which about 75 pe rcen t  i s  i n  Oregon below 

t h e  Columbia -River. 

T.he Coas.tal S&re.gion has three unique s e c t i o n s :  t h e  

c o a s t a l  s t r i p  (includi'ng 'both Oregon .and Washington) , t h e  

c o a s t a l  mountain range,  and t h e  i n t e r i o r  p o r t i o n  of two 

major r i v e r  bas ins  -- t h e  Rogue -and .Umpqua. .For . t h i s  

reason, the  subregion has been d iv ided  i n t o  t h e  fol lowing 

f o u r  subareas  : Washington Coas ta l ,  Oregon Coas ta l  , Umpqua 

and Rogue. Figure 11 presen t s  t h e  Washington Coas ta l  

Subareas and Figure 1 2  shows t h e  l o c a t i o n s  o f  subareas  

w i t h i n  the  Oregon subregion.  

The subregion contained approximately 114,500 a c r e s  of  

land  under i r r i g a t i o n  i n  1975. The Rogue Subarea contained 

56 percent  of  t h e  t o t a l  with Oregon Coas ta l ,  Umpgua and 

Washington Coastal  i r r i g a t i n g  23; 16.5 and 4 pe rcen t  of t h e  

subregion,.respectively. In  1975, t h e  subregion had 273,413 

a c r e - f e e t . o f  water appl ied  and used 56,963.7 MWH of e l e c t r i c i t y  

f o r  i r r i g a t i o n .  The 1975 engineering design requirements 

for this subregion were 307,159 ac re - fee t  of water and 

64,859.3 MWH of e l e c t r i c i t y .  

Average pumping l i f t s  ranged from 18 t o  .40 f e e t  from 

s u r f a c e  sources  t o  f i e l d  e l e v a t i o n s ,  which suppl ied  water  

f o r  over 98 pe rcen t  of i r r i g a t e d  acreage. Groundwater 

provided t h e  remaining 2 pe rcen t  of t h e  water with average 

l i f t s  of 1 4  f e e t .  



WASMBNGTOMCANADA

OREGON

..... 1 .....

E. *
.

..'.. /.....i.
-I.

.               6
- -.F,

C.e..
= 1 .

4-  C W A L L A M

*'i·- ':p .. «» 434:F.    . I
9'34*...e«*
#impk.

d E F /'6 ,
.Primm,91: ·-.·A' S   . 9/*-r i   1 ..    2

- L "  r--   u  ·
*g m. • · • • • •

». &5·..*...    -

.T -. i J ..1\ 9204        +     J-

01.      f .0. ·,1.',444"t»_Y--7.*pr- .- - '11'.... i.,  el ..:': 1

-41*4.: C     -     - .94:«'l.          '.--
1AE,97"

HA  R      03*      11 --- *re 974*KFlj'k·A'. C V .1,,€...,   -9.42;3-
SGUL     v                - i.            ,       --LJ         ,<

-'.-

a#:. · - r--
Fial         ".

. .   I      I   . ,I R S  TO  .

. *i
. 4. 6-92'   311'  :. 4' \1- ...„

-                -'.          .                                                                                      . . .    --34 \, / tpi  .'.. 1          p

*"i  .-_:«·_»- i5-:                           -4 '   ."..51.. .

"        .    m   ,    .., 3\

.:1-21«i -·72  ·· 9- '
e. .., . '. .  '  '     ,  c    '     7.        ,                                                                  9  ..ir .,T  - -fl.- f   - i.-2-, ----*  :                             1** IM  . '_ ,- Mi   )1   .     93                                              «_3  . - #25-    1.---   ,P Ve. .3 3 -   ri-·1   r-7 ;44=#4<1-4

WASH W , H 1,
1 l i l I fi    ««171 g  1 r    4

S  ;
I   nia

OREGON &  i          J rik  <f..   -t

r ,-1-lit:.1 - 2_ Z..:    r

Figure 11. Partial Map of Figure 12.  Partial map of
Subregion 10, con- Subregion 10,
taining the containing the
Washington Coastal Oregon Coastal,
Subarea. Umpqua and Rogue

Subareas.

A variety of crops required irrigation in this subregion.

Hay and pastures, however, accounted for 80 percent of the

acreage. Specialty crops, such as cranberries, were also irri-

gated on limited acreages.
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The major i r r i g a t i o n  systems w e r e  hand move, g r a v i t y  

and s i d e  r o l l  w i t h  56,965, 36,852, and 10,495 a c r e s ,  respec-  

t i v e l y .  Add i t i ona l  systems and t h e i r  ac reages  were: b i g  

gun w i t h  5,679 a c r e s ;  permanent w i t h  3,203 a c r e s ;  s o l i d  se t  

w i t h  1 ,211  a c r e s ;  and d r i p  w i t h  67 a c r e s .  

Wa'shin'gton 'Coastal  Subarea 

T h i s  suba rea  c o n t a i n s  t h e  wes te rn  edge o f  ,Wash,,i ngton,  

which drairis d i r e c t l y  i n t o  t h e  P a c i f i c  Ocean. The area bor- 

d e r s  t h e  P a c i f i c  on t h e  w e s t ,  t h e  S t r a i t  o f  Juan D e  Fuca and 

Canadian boundary on t h e  n o r t h ,  t h e  mouth o f  t h e  Columbia 

River  on t h e  sou th  and t h e  crest o f  Olympia Mountains on t h e  

e a s t .  

'- Approximately 70 m i l e s  of  c o a s t l i n e ,  from t h e  Columbia 

t o  Qu inau l t  Rivers ,  are c h a r a c t e r i z e d  by' wide sandy beaches ,  

sand dunes and g r a s s l a n d s .  The s h o r e l i n e  from Q u i n a u l t  

River  t o  Cape F l a t t e r y  c o n t a i n s .  narrow rocky beaches  w i t h  

s t e e p l y  s l o p i n g  banks. Numerous rocks  d o t  t h e  o f f s h o r e  

ocean s u r f a c e .  . S e v e r a l  bays ,  ha rbo r s  and e s t u a r i e s  a r e  

c o n t a i n e d  i n  t h e  subarea .  

I r r i g a t e d  c rops ,  wa te r  requi rements  and energy con- 

sumption f o r  1 9 7 5  i n  Washington C o a s t a l  Subarea a r e  l i s t e d  

i n  Table  35. Only 4,720 a c r e s  were i r r i g a t e d  i n  1975 w i t h  

approximately  75 p e r c e n t  o f  t h e  i r r i g a t e d  land  i n  hay and 

p a s t u r e .  This  si .~.harea i nc luded  on ly  4 percen t .  of ,the 

i r r i g a t e d  a r e a  i n  t h e  subreg ion .  Hand move and s o l i d  s e t  

i r r i g a t i o n  systems .were t h e  on ly  two types  used,  w i t h  3,790 

and 930 acres , .  . r e s p e c t i v e l y .  



Table 35. 1975 water  requirements  and energy consumption f o r  i r r i g a t i o n  i n  t h e  Washington Coas t a l  Subarea. 

Crop 

I 1975 Requirements 
Energy Consumed ' 

Design ~ e ~ u i r e m e n t s  

Acr 2s 
I r r i g s t e d  

I Energy Consumed ' 
Water Ground- Surf a c e  

Appl ied .  water  . Water 
(ac- in lac)  ( K W H / ~ C )  ( K W H / ~ C )  

Water Ground- Surf a c e  
Applied wa te r  Water 
ac- in lac)  (KWHIac) (KWH/ac) 

Hay and p a s t u r e  
Cranbe r r i e s  
Vegetables 

0 
VI On-farm s u b t o t a l  1 4,720 1 17.13 -- 472.8 K W H I ~ C ~ ~  18.13 - - 501.1 KWH/ac9 

Pumping d i v e r s i o n  I -- 

T o t a l  ( 4,720 1 17.13 -- 472.8 KWH/ac4( 1 8 . 1 ~  -- 501.1 KWH/ac4 - 

100% of on-farm water  was pumped from s u r f a c e  sources  w i th  average  pumping l i f t  of 25 f e e t .  
2 ~ a l u e s  r ep re sen t  t h e  e n g i n e e r k g  s i z i n g  of water  and energy requi red  t o  provide  a c rop  8 yea r s  ou t  
of 10. 

3 ~ v e r a g e  water  consumed f o r  a l l  crops i n  subregion.  
4 ~ v e r a g e  energy requi red  f o r  a l l  c rops  and water  sources  i n  subarea.  



The suba rea  had 6,726 a c r e - f e e t  of  wa te r  a p p l i e d  and 
used 2,231.6 MWH of e l e c t r i c i t y  i n  1975. A l l  wa te r  i n  t h i s  

suba rea  was o b t a i n e d  from s u r f a c e  s o u r c e s  w i t h  an average  

pumping l i f t  of  25 feet .  The s u b a r e a ' s  e n g i n e e r i n g  d e s i g n  

requi rements  f o r  1975 were about  7,119 a c r e - f e e t  o f  w a t e r  

and 2,364.7 MWH of  e l e c t r i c i t y .  

Ore'gon Cobs t a l '  'Subarea 

This  suba rea  i n c l u d e s  approximately  350 m i l e s  o f  Oregon 

c o a s t l i n e ,  shown i n  F igu re  12,  from t h e  Cal i fornia-Oregon . 

borde r  no r th  t o  t h e  Columbia River ,  b o r d e r i n g  t h e  P a c i f i c  

Ocean on t h e  w e s t  and t h e  c r e s t  o f  t h e  Coas t  Range. on t h e  

east. I t  c o n t a i n s  a l l  l ands  i n  Oregon which d r a i n  d i r e c t l y  

i n t o  t h e  P a c i f i c  Ocean, e x c e p t  the Rogue and Umpqua d r a i n a g e  

areas. Four teen  major e s t u a r i e s  and s e v e r a l  minor ones  are 

l o c a t e d  a long  t h e  c o a s t l i n e .  

I r r i g a t e d  ac reages  ' a r e  s c a t t e r e d  th roughout  t h i s  

s u b a r e a ,  b u t . c o n c e n t r a t i o n s  occur  i n  t h e  Tillamook area and 

i n  t h e  Neh.alem and Coqu i l l e  d r a i n a g e  b a s i n s .  These ac reages  

have been developed by p r i v a t e  e n t e r p r i s e s .  

Table 36 l is ts  t h e  1975 w a t e r  and energy requirements  

f o r  t h e  Oregon Coas t a l  Subarea. ~ p p r o x i i n a t e l y  26,8UO acres, 

2 3  p e r c e n t  o f  the s u b r e g i o n ' s  i r r i g a t e d  acreage ,  w e r e  

i r r i g a t e d  i n  1975 w i t h  90 p e r c e n t  of  t h i s  t o t a l  i n  hay and 

pasture. Over 97 percent of the water  w a s  obtained from 

s u r f a c e  sou rces  w i t h  average pumping- l i f t s  o f  18 f e e t ;  t h e -  

remaining water was pumped from groundwater sou rces  w i t h  

average  pumping l i f t s  of 30 f e e t .  



Tahle 36. 1975 water  requiremer-ts and energy consumption f o r  i r r i g a t i o n  i n  t h e  Oregon Coas t a l  Subarea. 

I 1975 Requirements 

Energy consumed1 

Hay and p a s t u r ?  
c r a n b e r r i e s  
F r u i t s ,  n u t s  & b e r r i e s  
F i e ld  corn  
Po ta toes  
Vegetables 

P S p e c i a l t y  h o r t i c u l t u r a l  
0 
4 

Unenumerat ed 

. .. 

Crop 

~ e s i ~ n  lXequirements2 

Energy Consumed1 

Water Ground- Surf a c e  
Applied wa te r  Water 

(ac- in lac)  (KWH/ac) (KWH/ac) 
Acr'ss 

I r r i g a t e d  

Pumping d i v e r s i o n  

Water Ground- Surf a c e  
Applied water  Water 

(ac- in lac)  ( K W H / ~ C )  (KWHIac) 

On-farm s u b t o t a l  

T o t a l  

'97.4% of  t h e  water  was suppl ied  by surfAce sources  wi th  average  on-farm pumping l i f t s  of 18  f e e t  'and 
t h e  remaining 2.6% from groundwater wi th  average l i f t s  of 30 f e e t .  

'values r ep re sen t  t h e  engineer ing  s i z i n g  of  water  and energy r equ i r ed  t o  provide a crop 8 yea r s  ou t  
of 10. 

'Average .water  consumed f o r  a l l  crops i n  subregion.  
4 ~ v e r a g e  ,energy r equ i r ed  f o r  a l l  c rops  and water  sources  i n  subarea.  

a d d i t i o n  t o  water  f o r  mois ture  d e f i c i t ,  700 a c r e s  r equ i r ed  water  f o r  f l ood  ha rves t i ng ;  the re -  
ported va lue  i nc ludes  t h e s e  water  and energy requirements .  

26,763 1 9 . 4 ~  524.9 ~ ~ / a c 4  22.13 597.6 &lac4  



The Oregon C o a s t a l  Subarea had 431267 a c r e - f e e t  of  wa te r  

a p p l i e d  a n d ' u s e d  14,048 MWH of e l e c t r i c i t y  i n  1975. The 1975 - 
e n g i n e e r i n g  des ign  requi rements  w e r e  approximate ly  49,288 

a c r e - f e e t  o f  wate r  and 15,994 MWH of e l e c t r i c i t y .  

Hand move systems dominated, w i t h  24,770' a c r e s .  Big  

gun, permanent and s o l i d  se t  a l s o  i r r i g a t e d  1 ,019 ,  683 and 

281 acres, r e s p e c t i v e l y .  

Umpqua 'Subbred 

The Umpqua Subarea i s  p o s i t i o n e d  d i r e c t l y  s o u t h  o f  t h e  . 

W i l l a m e t t e  Subregion a n d ' j u s t  n o r t h  of  t h e  Rogue Subarea .  

The subarea  d r a i n s  i n t o  t h e  P a c i f i c  Ocean v i a  t h e  Umpqua 

R ive r ,  which c r o s s e s  t h e  Oregon Coas t a l  Subarea.  The 

suba rea  i s  con ta ined  i n  Douglas County and i n c l u d e s  t h e  town 

of  Roseburg, t h e  p r i n c i p a l  popu la t ion  c e n t e r .  

E l e v a t i o n  o f  a g r i c u l t u r a l  r e g i o n s  w i t h i n  t h e  subarea 

ranges  from 100 t o  2,000 f e e t  and t h e  growing season  averages  

from 180 t o  200 days .  The suba rea  i s  a  major t imber  and 

sheep  producing area i n  Oregon. 

Table 37 c o n t a i n s  t h e  i r r i g a t e d ~ c r o p s  and Lheir wa te r  

and energy requi rements  f o r  t h e  Umpqua Subarea i n  1975. Of 

t h e  18,911 i r r i g a t e d  a c r e s ,  hay and p a s t u r e  were t h e  

primary i r r i g a t e d  c rop  (85  p e r c e n t  o f  t o t a l ) .  The subarea  

i r r i g a t e d  approximately  1,100 a c r e s  of g r a i n  and  f i e l d  corn; 

i n  a d d i t i o n ,  a  few acres o f  s p e c i a l t y  c rops  l i k e  suga r  b e e t  

s eed ,  min t  and d i l l  a l s o  r e q u i r e d  i r r i g a t i o n .  

This  suba rea  con ta ined  16.5 p e r c e n t  o f  t h e  t o t a l  

sub reg ion ' s  i r r i g a t e d  acreage .  I n  1975, t h e  suba rea  had 35,458 

a c r e - f e e t  of wate r  a p p l i e d  and consumed 13,604 MWB of  e l e c t r i c i t y .  



T a . ~ l e  37. 1975 water  requiremer-ts and energy consumption f o r  i r r i g a t i o n  i n  t h e  Umpqua Subarea. 

Crop . 
Ac r e,s 

I r r i g a t e d  

1975 Requirements 

Energy consumed1 

Water Ground- Surf a c e  
Applied water  Water 

(ac- in lac)  (KWH/ac) (KWH/ac) 

Design ~ e ~ u i r e r n e n t s ~  

Energy consumed1 

Water Ground- . Surf a c e  
Applied wa te r  Water 

(ac- in lac)  (KWHIac) ( m l a c )  

Hay and p a s t u r e  
Grain 
F i e l d  corn 
Po ta toes  
F r u i t s ,  n u t s  & b e r r i e s  
Hops, mints  & d i l l  

I-' 
Vegetables  

o Sugar bee t  seed 
w 

On-farm s u b t o t a l  

Pumping d i v e r s i o n  I -- I -- - - -- I - - 

Tota l  

l 9 9 . 6 ~  of t h e  v a t e r  was suppl ied  by s u r f a c e  sources  wi th  average on-farm pumping l i f t s  of 20 f e e t  and. 
t h e  remaining 0.42 from groundwater w i th  average  l i f t s  of 1 3  f e e t .  

21ralues r ep re sen t  t h e  engineer ing  s i z i n g  of water  and energy r equ i r ed  t o . p r o v i d e  a c rop  8 yea r s  ' ou t  
of 10. . 

3hverage water  consumed f o r  a l l  c rops  i n  subregion.  
4hverage energy r equ i r ed  f o r  a l l  crops and water  ,sources i n  subarea.  



Engineering design requirements f o r  1975 were 45,700 acre-  

f e e t  of  water  and 17,275 MWH o f  e l e c t r i c i t y .  Approximately 

99.6 percent  of t h e  watef f o r  i r r i g a t i o n  w a s  ob ta ined  from 

sur face  sources  w i t h  average l i f t s  of  20 f e e t ;  groundwater 

sources  with average l i f t s  of 1 3  f e e t  supp l i ed  t h e  remaining 

f r a c t i o n  ( 0 . 4  p e r c e n t )  of water .  

Side r o l l ,  with 10,495 a c r e s ,  was t h e  predominant 

system. Other systems employed included 4,806 a c r e s  of hand 

move, 3,210 ac res  of b i g  gun, 35'0 acres of g r a v i t y ,  and 50 

aaree of d r ip .  

This subarea i s  loca ted  i n  t h e  sou theas te rn  corner  of  

Oregon and borders  t h e  California-Oregon boundary. I t  i s  

drained by t h e  Rogue River and i t s  t r i b u t a r i e s ,  which a r e  

contained w i t h i n  Jackson, Josephine and Curry Counties; 

Medford, Ashland and Grants Pass a r e  t h e  major towns. The 

subarea extends i n  a  broad c r e s c e n t  from south  of Ashland 

through Grants Pass t o  Cave Junct ion ,  About 75 pe rcen t  of 

t h e  Rogue Subarea i s  f o r e s t e d ;  f o r e s t  products  a r e  t h e  

subarea ' s  major economic indus t ry .  Agr icu l tu re  ranks second 

t o  foree t r y  i n  economic importance; pea r s ,  apples  and 

peaches a r e  primary a g r i c u l t u r a l  products .  

The i r r i g a t e d  crops ,  water  requirements and energy 

consumption f o r  1975 i n  Rogue Subarea a r e  shown i n  Table 3 8 .  

Over 64,000 a c r e s  were i r r i g a t e d ,  accounting f o r  56 pe rcen t  

of t h e  subregion ' s  t o t a l .  About 30,000 ac res  were furn ished  

water  v i a  i r r i g a t i o n  d i s t r i c t s .  Of t h i s ,  a  t o t a l  of 7,904 

ac re - fee t  of water  was r e l i f t e d  using 1 , 1 2 7 . 4  MWH of e lec-  

t r i c i t y .  Again, hay and pas tu re  were t h e  major i r r i g a t e d  



Table  38. 1975 w a t e r  requ i rements  and energy consumption f o r  i r r i g a t i o n  i n  the '  Rogue Subarea .  

Crop 
Acres  

I r r i g a t e d  

1975 Requirements  

Energy consumed' 

Water Ground- Sur f  a c e  
Appl ied  w a t e r  Water 

( a c - i n l a c )  (KWHIac) (KWHIac) 

Design ~ e ~ u i r e m e n t s ~  

Energy Consumed ' 
Water Ground- Surf  a c e  

Appl ied  w a t e r  Water 
(ac - in /ac )  (KWHIac) (KWHIac) 

Hay and p a s t u r e  
G r a i n  
Grass seed  
F i e l d  c o r n  
Mint ,  hops and d i l l  

P F r u i t ,  n u t s  and b e r r i e s  
P Forage seed  
P 

Vegetab les  
P o t a t o e s  
Sugar b e e t  seed  
s p e c i a l t y  . h o r t i c u l t u r a l  

'. On-farm s u b t o t a l  

Pumping d i v e r s i o n  

-- 1 7,904 a c - f t  1 ,127.421 MWH , 

'99% of t h e  w a t e r  w a s  s u p p l i e d  by s u r f a c e  s o u r c e s  w i t h  average  on-farm pumping l i f t s  of 40 f e e t  and 
t h e  remaining 1% from groundwater w i t h  a v e r a g e  l i f t s  of 1.4 f .ee t .  

2 ~ a l u e s  r e p r e s e n t  t h e  e n g i n e e r i n g  s i z i n g  o f  w a t e r  and energy r e q u i r e d  t o  p r o v i d e  a c r o p  8 y e a r s  o u t  
,of 10.  

8 ,623 a c - f t  1,228.889 MWH 

T o t a l  

'Average w a t e r  consumed f o r  a l l  c r o p s  i n  subreg ion .  
4 ~ v e r a g e  energy r e q u i r e d  f o r  a l l  c r o p s  and w a t e r  s o u r c e s  i n  subarea .  
5 ~ e r o  energy v a l u e  r e s u l t s  from u s e  of s u r f a c e  ( g r a v i t y )  i r r i g a t i o n  system wi thou t  pumping requ i rements .  

64, C78 35. z 3  418.4 K W H / ~ C ~ .  38 .43  456.. 1 ~ l J H / a c ~  



c r o p s  (75 p e r c e n t  of t o t a l  i r r i g a t e d  a c r e a g e ) .  The suba rea  

a l s o  i r r i g a t e d  a v a r i e t y  of  s p e c i a l t y  c rops .  

Approximately 188,000 a c r e - f e e t  o f  wa te r  were a p p l i e d  and 

26,810.2 MWH of  e l e c t r i c i t y  were used i n  1975 t o  s a t i s f y  t n e  

s u b a r e a ' s  i r r i g a t i o n  needs.  The e n g i n e e r i n g  des ign  r e q u i r e -  

ments f o r  1975 w e r e  205,050 a c r e - f e e t  o f  wa te r  and 29,226.0 

MWH o f  e l e c t r i c i t y .  Over 99 p e r c e n t  o f  t h e  on-farm wa te r  

w a s  s u p p l i e d  by s u r f a c e  sou rces  w i t h  average pumping l i f t s  

o f  40 f e e t :  t h e  remaining w a t e r  w a s  pumped from groundwater 

s o u r c e s  w i th  average l i f t s  o f  1 4  f e e t .  

Grav i ty  systems,  w i t h  36,502 acre's, i r r i g a t e d  57 

p e r c e n t  o f  t h e  subarea .  I n  a d d i t i o n ,  hand move i r r i g a t e d  

23,599 acres ' ( 3 7  p e r c e n t )  w i t h  permanent and b i g  gun irri- 

g a t i n g  2,520 and 1,450 a c r e s ,  r e s p e c t i v e l y .  



SUBREGION 11 

Puge t Sound 

The Puget  Sound Subregion i s  l o c a t e d  i n  t h e  no r thwes t e rn  

par't o f  Washington. The area i n c l u d e s  a l l  l ands  s o u t h  o f  

t h e  Canadian border  t h a t  a r e  d ra ined  by .  s t r e a m s  f lowing  i n t o  

Puget Sound, Hood Canal ,  Georgia S t r a i t ,  and t h a t  p o r t i o n  o f .  

t h e  s t r a i t  o f  Juan De Fuca e a s t  from and i n c l u d i n g  t h e  Elwha 

River (see ~ i ~ u r e  1 3 ) .  The a r e a  encompasses approximately  

8,500,000 acres and i n c l u d e s  p a r t s  o f  Whatcom, S k a g i t ,  

Nohomish, King, P i e r c e ,  L e w i s ,  Thurs ton,  Mason, K i t s ap ,  

J e f f e r s o n ,  Cla l lam and San Juan Count ies .  Nine r i v e r  b a s i n s  

and two i s l a n d  groupings  comprise t h e  major p a r t  o f  t h e  

Puget Sound , t r i b u t a r y  d ra inage .  

The Puget  Sound Subregion c o n t a i n s  some o f  t h e  most 

sec luded  and rugged, f o r e s t e d  mountains a long  bo th  i t s  

e a s t e r n  and wes te rn  boundar ies .  F o r e s t s  cover  approximately  

76 p e r c e n t  o f  t h e  land ;  however, a g r i c u l t u r e ,  . f o r e s t  pro- 

duc t s  and f i s h i n g  account  f o r  o n l y ' a b o u t  3 p e r c e n t  o f  t h e  

employment. The area c o n t a i n s  over  2 m i l l i o n  people  who a r e  

p r i m a r i l y  employed i n  manufactur ing,  r e t a i l  t r a d e  and 

p r o f e s s i o n a l  s e r v i c e s .  

Table  39 c o n t a i n s  1975 i r r i g a t e d  c rops ,  water r equ i r e -  

ments and energy consumption f o r  Puget  Sound Subregion.  The 

subregion c o n t a i n s  92,132 a c r e s  of  i r r i g a t i o n  w i t h  hay and 

p a s t u r e s  compris ing 64,072 a c r e s .  Vegetable  c rops  were a l s o  

i r r i g a t e d  on 20,428 a c r e s .  

The subreg ion  had an a p p l i c a t i o n  of  185,799 a c r e - f e e t  of  w a t e r  

and consumed 69,559 MWH of e l e c t r i c i t y  i n  1975 f o r  i r r i g a t i o n .  Of t h e  

Of t h e  t o t a l  wate r  r e q u i r e d ,  72.8 p e r c e n t  was supp l i ed  from su r -  

f a c e  sou rces  wi th  average pumping l i f t s  of 25 f e e t ;  t h e  remaining 



Table 39. 1975 water requirements  and Energy consumption f o r  i r r i g a t i o n  ,in t h e  Puget Sound Subregion, 
+. 

1975 Requirements Design ~ e ~ u i r e m k n t s ~  

Energy Consumed1 Energy Consumed ' 

Crop 
Acres 

I r r i g a t e d  

Hay and p a s t u r e  
Vegetables  
Grain 
F r u i t ,  n u t s  & b e r r i e s  

Pumping d kversion 

Water Ground- Su r f ace  
Applied water  Water 

( ae - in l ac )  ( W / a c : ~  (KWH/ac) 

64,072 
20,428 

4,374 
3,258 

- 
r 
I-' 
b b  On- f arm s . ~ b  t o t a 1  

T o t a l  , 1 '2,132 1 

Water Ground- Su r f ace  
Applied water  Water 

( ac - in l s c )  ( ' m / a c )  ( W l a c )  

'72.8% of t he  water  wes suppl ied  by s u r f a z e  sources  wi th  avJerage on-farm punping l i f t s  of 25 f e e t  and 
t h e  remaining 27.22 from groundwater wi th  average l i f t s  of 50 f e e t .  

512,132 

LValues r ep re sen t  t h e  engineer ing  s i z i n g  of water  and energy r equ i r ed  t o  p rcv ide  a crop 8 yea r s  ou t  
of 10. . 

3 ~ v e r a g e  water  consnmcd f o r  a91 crops i n  subregion.  . ' 

4 ~ v e r a g e  energy r e q u i ~ e d  f o r  a l l  c rops  and water  source's i n  subregion.  

I 
1 

24. z 3  755.0 K W H / ~ C ~  27. 73 . 860.8 KIJH/ac4 
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Figure 13.  Map of Subregion 11 containing Puget 
Sound

Subarea.

27.2 percent was obtained from groundwater sourc
es with average

lifts of 50 feet. The 1975 engineering design requirements

were 212,671 acre-feet of water and 79,307 MWH of
 electricity.

All irrigation water was obtained by individual f
armer

operations. The subregion does not contain irrigation

districts with pump diversions on Bureau of Recl
amation

115
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p r o j e c t s .  A l l  i r r i g a t i o n  was p r e s s u r i z e d ,  w i t h  hand move 

systems i r r i g a t i n g  58,632 acr,es i n  1975 (64 p e r c e n t  o f  t h e  

t o t a l ) .  I n  a d d i t i o n ,  18,000 a c r e s  o f  s i d e  r o l l ,  10,000 

a c r e s  o f  b i g  gun, 5,000 a c r e s  o f  s o l i d  s e t ,  and 500 a c r e s  o f  

d r i p  systems w e r e  i r r i g a t e d  i n  t h i s  suba rea .  



SUBREGION 12 

Oregon Closed Bas in  

This  subreg ion  encompasses. a  c l o s e d  b a s i n  i n  sou th-  

c e n t r a l  Oregon, which c o n t a i n s  approximately  17,900 s q u a r e  

m i l e s .  The a r e a  i n c l u d e s  most of  Harney and Lake Coun t i e s ,  

p l u s  f r a c t i o n s  o f  Deschutes,  Klamath and Malheur Count ies  

and i s  shown i n  F igu re  1 4 .  The Closed Bas in  i s  t h e  nor th-  

w e s t  e x t e n s i o n  o f  t h e  Grea t  Basin  geo log ic  p rov ince  and has  

many o f  i t s  prominent f e a t u r e s ,  such as f a u l t  b lock  mountains.  

The most rugged p a r t s  of  t h e  subreg ion  i n c l u d e  t h e  S t e e n s  

Mountains i n  t h e  s o u t h e a s t ,  t h e  mountainous area s o u t h  and 

w e s t  o f  Abert  and Summer Lakes,.  and t h e  s o u t h e r n  p a r t  o f  t h e  

Blue Mountains i n  t h e  n o r t h e a s t .  A l l  streams i n  t h e  

subreg ion  empty i n t o  i n t e r n a l  l a k e s .  Occas iona l  b u t t e s ,  

c i n d e r  cones ,  g u l l e y s ,  broken l a v a  f lows and su r round ing  

mountains r e l i e v e  what o the rwi se  i s  a f l a t  v i s t a  o f  range- 

l and .  Over t h r e e - f o u r t h s  of  t h e  subreg ion  i s  occupied by 

range.  F o r e s t r y  and a g r i c u l t u r e  a r e  the two major economic 

c o n t r i b u t o r s  t o  t h e  subreg ion ,  w i t h  a g r i c u l t u r e ' s  pr imary 

emphasis  on rangeland l i v e s t o c k  produc t ion .  

The subreg ion  expe r i ences  c l i m a t i c  extremes;  summers 

a r e  w a r m  w i t h  recorded tempera tures  a s  h igh  as 1 0 9 O ~ ,  w h i l e  

w i n t e r s  are long  and c o l d  w i t h  r eco rd  lows o f  -SOOF. There 

i s  no real f r o s t - f r e e  season  and f r e e z i n g  tempera tures  may 

occu r  i n  any month, b u t  i n  farming areas growing seasons  

vary from 90-120 days .  P r e c i p i t a t i o n  i n  t h e  a g r i c u l t u r a l  .. 

a r e a s  annua l ly  ranges  from 7 t o  12 inches .  

T o  f a c i l i t a t e  , d a t a  p r e s e n t a t i o n ,  t h i s  subreg ion  i s  

p a r t i t i o n e d  i n t o  t h r e e  c l o s e d  suba reas :  F o r t  Rock - Christmas 

Lake - Chewaucan, S i l v i e s  - S i l v e r  - Donner und B l i t z e n ,  and 

Alvord - Catlow - Warner (see F igu re  1 4 ) .  



F i g u r e  1 4 .  Map o f  Subregion 12  c o n t a i n i n g  F o r t  Rock - 
Christmas Lake - Chewaucan, S i l v i e s  - S i l v e r  - 
Donner und B l i t z e n ,  and Alvord - Catlow - 
Warner Subareas.  

The subreg ion  conta ined  262,148 i r r i g a t e d  a c r e s  i n  

1975. Of t h i s  t o t a l ,  232,550 a c r e s  (89 p e r c e n t )  con ta ined  

hay and p a s t u r e ;  l i m i t e d  ac reages  o f  s m a l l  g r a i n  c rops  were 

a l s o  i r r i g a t e d .  The subreg ion  'had. 723,638 a c r e - f e e t  of wate r  

a p p l i e d  and used 44,475.8 MWH.of e l e c t r i c i t y  i n  1975. Corre-  

sponding eng inee r ing  des ign  requi rements  were 896,508 a c r e - f e e t  of 



water  a n d  55,158.5 MWH of  e l e c t r i c i t y .  A s  a  r e s u l t  of 

minimal water l i f t s ,  energy requi rements  p e r  a c r e  o f  i rr i-  

g a t i o n  were r e l a t i v e l y  low i n  t h i s  subreg ion .  

- - Grav i ty  systems covered 84 p e r c e n t  (220,261 a c r e s )  o f  , 

t h e  t o t a l  i r r i g a t , e d  acreage.  The remaining pe rcen tage  w a s  

t p a r t i t i o n e d  among hand move, s i d e  r o l l  and c e n t e r  p i v o t  

sys tems;  hand move and s i d e  r o l l  c o l l e c t i v e l y  i r r i g a t e d  

37,014 a c r e s  whi le  4,873 acres w e r e  under c e n t e r  p i v o t s .  

Fo'r't 'Ro'ck ,' Chr'i'stmas Lake 'and Chewaucan Subarea 

This  suba rea ,  1 o c a t e d . i n  s o u t h - c e n t r a l  Oregon, c o n t a i n s  

f i v e  i n t e r n a l l y  d r a i n e d  a r e a s .  Three p r i n c i p a l  streams 

inc lude :  Chewaucan River ,  d r a i n i n g  i n t o  Lake A l e r t ;  Ana 

River ,  f lowing i n t o  Summer Lake; and S i l v e r  Creek, d r a i n i n g  

i n t o  S i l v e r  Lake. These l a k e s  c o n t a i n  hi.gh a l k a l i n e  wate r  

and a r e  n o t  s u i t a b l e  f o r  i r r i g a t i o n ;  water f o r  i r r i g a t i o n  i s  

i n s t e a d  ob ta ined  from s t ream flow and groundwater r e s o u r c e s .  

Extens ive  groundwater e x i s t s  i n  t h e  F o r t  Rock-Christmas Lake 

area. 

Table  40 c o n t a i n s  t h e  1975 i r r i g a t i o n  wate r  and energy 

requirements  f o r  t h i s  l o c a t i o n .  The subarea  con ta ined  73,053 

i r r i g a t e d  a c r e s  w i t h  92 p e r c e n t  of  t h i s  ac reage  i n  hay and 

p a s t u r e .  I n  a d d i t i o n ,  t h e  area i r r i g a t e d  a  l i m i t e d  acreage  

of  s m a l l  g r a i n  c rops .  

The suba rea  had 205,766 a c r e - f e e t  of wate r  a p p l i e d  and con- 

sumed 9,759.9 MWH of e l e c t r i c i t y  i n  1 9 7 5 .  Corresponding eng inee r ing  

des ign  requirements  were 255,077 a c r e - f e e t  of  wate r  and 

12,105 MWH of  e l e c t r i c i t y .  Of t h e  t o t a l  i r r i g a t i o n  w a t e r ,  

89.4 p e r c e n t  w a s  supp l i ed  by s u r f a c e  sou rces  w i t h  low 



Table 40. 1975 water  requirements  and energy consumption f o r  i r r i g a t i o n  i n  t h e  Fo r t  Rock, Christmas 
Lake and Chewaucan Subarea. 

l89.4% of t h e  water  was suppl ied  by s u r f a c e  sources  wi th  average on-farm pumping l i f t s  of 10 f e e t  and 
t h e  remaining 10.62 from goundwater  wi th  average l i f t s  of 3 1  f e e t .  

2 ~ a l u e s  r ep re sen t  t h e  engixeer ing  s i z i n g  of water  and energy r equ i r ed  t o  provide a c rop  8 yea r s  ou t  
of 10. 

3 ~ v e r a g e  water  consumed f o r  a l l  crops i n  subregion.  
4 ~ v e r a g e  energy r equ i r ed  f o r  a l l  crops and water  sources  i n  subarea.  

Design ~ e ~ u i r e m e n t s  * 
Energy Consumed ' 

W~ter Ground- Surf a c e  
Applied water  Water 

( ac - in l ac )  ( m l a c )  (KWHIac) 

41.8 867.1 88.1 
23.4 651.4 434.4 
44.3 -- 0 

41 .9~  165.7 KlJH/ac4 

-- -- 

41.9~ 165.7 K W H / ~ ~ ~  

1975 Requirements 

Energy Consumed ' 
Water Ground- Surf a c e  

Applied water  Water 
(ac- in lac)  (KWH/ac) (KWH/ac) 

33.7 699.1 71.0 
18.9 525.1 350.2 
35.7 -- 0 

33. 8 3  133.6 KlJH/ac4 

- - -- 

33.83 133.6 K W H / ~ ~ ~  

- 

Crop 

Hay and p a s t u r e  
Grain 
Unenumerated 

On-farm s u b t o t a l  

Pumping dLversion 

T o t a l  

Acres 
I r r i g a t e d  

67,488 
409 

5,156 

73,053 

-- 

73,053 



on-farm l i f t s  o f  10 f e e t .  The remaining 10.6 p e r c e n t  o f  t h e  

w a t e r  was pumped from.groundwater w i t h  31 f e e t  average  

l i f t s .  The s m a l l  l i f t s  a s s o c i a t e d  w i t h  s u r f a c e  s o u r c e s  

p r e c i p i t a t e d  low t o t a l  energy v a l u e s  f o r  c rops  i n  t h i s  

subarea .  

3 Gravi ty  systems i r r i g a t e d  65,074 o f  t h e  t o t a l  

73,053 acres. The remaining acreage  w a s  i r r i g a t e d  by s i d e  

r o l l  and hand move on 5,615 a c r e s  p l u s  c e n t e r  p i v o t  on 2,364 
,. 

a c r e s .  

S i'l'vie's : 'Si'l ve'r 'an.d 'Do'nn'er 'und B 1 i t ze n  Sub are a 

Three d ra inage  systems comprise t h i s  suba rea .  S i l v i e s  

River and Cow Creek (from t h e  n o r t h )  p l u s  Donner und B l i t z e n  

River  (from t h e  s o u t h )  d r a i n  i n t o  Malheur Lake, which 

over f lows  i n t o  Harney Lake. The t h i r d  d ra inage  system,  

S i l v e r  Creek, f lows d i r e c t l y  i n t o  Harney Lake. The c r e s t  o f  

S t eens  Mountains on t h e  s o u t h e a s t  and S t rawber ry  Range on 

t h e  n o r t h  comprise t h e  major v i s i b l e  boundar ies  f o r  t h i s  

suba rea .  

The 1975 i r r i g a t e d  c rops  p l u s  t h e i r  wate r  and energy 

requi rements  f o r  S i l v i e s ,  S i l v e r  and Donner und B l i t z e n  

Subarea are l i s t e d  i n  b able 4 1 .  The suba rea  i r r i g a t e d  

111,447 a c r e s  o f  hay,  p a s t u r e  and s m a l l  g r a i n s .  The a r e a  

had 303,693 a c r e - f e e t  of wate r  a p p l i e d  and used 25,242.8 MWH 

of  e l e c t r i c i t y  i n  1975. Engineer ing des ign  requi rements  f o r  

1975 w e r e  376,134 a c r e - f e e t  o f  w a t e r  and 31,305 MWH o f  . 

e l e c t r i c i t y .  

Of t h e  103,693 a c r e - f e e t  of wa te r  a p p l i e d  i n  1975, 80.9 

p e r c e n t  was supp l i ed  by s u r f a c e  sou rces  w i t h  average on-farm 



Table 41. 1975 water  requiremeats  and energy consumption.for  i r r i g r t i o n  i n  t h e  S i l v i e s ,  S i l v e r  
and Donner,und B l i t z a n  Subarea. 

l80.9% of t h e  water wzs suppl ied  by s u r f a - e  sources  wi th  average on-farm p u ~ p i n g  l i f t s  of 10 f e e t  
and t h e  remaining 19.12 from groundwater wi th  average l i f t s  of 39 f e e t .  

2 ~ a l u e s  r ep re sen t  t h e  engineer in3  s i z i n g  3f water  and energy r e q u i r e c  t o  prcv ide  a crop 8 yea r s  
ou t  of 10. 

3 ~ v e r a g e  water  consumed f o r  a l l  c rops  i n  subregion* 
4 ~ v e r a g e  energy r equ i r ed  f o r  a l l  crops an3 water  sources  i n  subarea.  

Design ~ e ~ u i r e m e n  ts 

Energy Consumed ' 
Water Ground- Surf a c e  

Applied water  Water 
(ac- in lac)  (KWH/ac) ( W / a c )  

41.3 909.3 129.5 
21.0 619.6 527.0 
4C.5 870.9 126.9 

1975 Requirements 

Energy consumed' 

Water Ground- Surf a c e  
Applied water  Water 

(ac- in lac)  (~WHlac)  (KWH/ac) 

33.3 733.1 104.4 
16.9 499.6 424.9 
32.7 718.4 102.3 

Crop 

Hay and p a s t u r e  
Grain 
Unenumera t ed 

Acres 
I r r i g a t e d  

95,214 
5,556 

10,657 

On-farm s u b t o t a l  

Pumping d i v e r s i o n  

T o t a l  

114,467 

-- 

114,447 

32.73 226.5 KWH/ac4 

- - -- 

32. 73 226.5 KWI-I/ac4 

4 ~ . 5 ~  280.9 KWH/ac4 

-- - - 

4 ~ . 5 ~  280.9 K!JH/ac4 



pumping l i f t s  o f  10 f e e t  and t h e  remaining 19.1  p e r c e n t  from 

groundwater w i t h  39 f e e t  average l i f t s .  Low pumping l i f t s  

p r e c i p i t a t e d  minimum energy requi rements  f o r  t h i s  suba rea  

r e l a t i v e  t o  t h e  m a j o r i t y  o f  o t h e r  a r e a s .  L a s t l y ,  t h e  

subarea  does  n o t  c o n t a i n  l a r g e  pump d i v e r s i o n s .  

Again, t h e  m a j o r i t y  (88,151 a ,c res )  was i r r i g a t e d  by 

g r a v i t y  systems.  Hand move and s i d e  r o l l  c o l l e c t i v e l y  

i r r i g a t e d  t h e  remaining 23,296 a c r e s .  

Al:vo'rd, 'Catlow a'nd Warner Subarea 

The sou the rn  boundary o f  t h i s  clos'ed b a s i n  i s  t h e  

Oregon-Nevada bo rde r ;  p a r t  o f  t h e  n o r t h e r n  boundary i n c l u d e s  

t h e  S t e e n s  Mountains.; Beatys B u t t e  p r o t r u d e s  from t h e  

c e n t e r .  Most s t reams  i n  t h e  suba rea  are i n t e r m i t t e n t .  The 

excep t ions  are: Oregon Canyon Creek, d r a i n i n g  i n t o  Nevada; 

Trout  Creek, f lowing i n t o  Alvord Lake; Honey Creek,  d r a i n i n g  

i n t o  H a r t  Lake; p l u s  Twenty-mile and Deep Creeks f lowing  

i n t o  Crump Lake. The area's economy i s  p r i m a r i l y  a g r i -  

c u l t u r a l ;  approximately  f o u r  m i l l i o n  acres are used f o r  

range land  l i v e s t o c k  produc t ion .  

Table  4 2  c o n t a i n s  t h e  c rops ,  wate r  requi rements  and 
energy consumption. f o r  i r r i g a t i o n  i n  t h i s  subarea .  Almost 

78,000 acres w e r e  i r r i g a t e d  i n  1975 w i t h  hay and p a s t u r e s  

i r r i g a t i n g ' 6 9 , 8 4 8  a c r e s .  The suba rea  a p p l i e d  214,179 a c r e - f e e t  
of wate r  and consumed 9,473.0 MWH of e l e c t r i c i t y .  Corre- 

sponding eng inee r ing  des ign  requi rements  w e r e  265,297 .. 

a c r e - f e e t  o f  wate r  and 11,748 MWH o f . e l e c t r i c i t y .  



Table 42. 1975 water  requirements  and energy consumption f o r  i r r i g a t i o n  i n  t h e  Alvord, Catlow, and 
Warner Subarea, 

Crop 

Hay and p a s t u r e  
Grain 
Unenumerated 

Pumping d i v e r s i o n  I __  1 _ _  -- I -- -- 

Acres 
I r r i i a t e d  

!-' 
Iu 
6 On-farm s u b t o t a l  

69,848 
1,603 
6,197 

'86.6% of' t h e  water was suppl ied  by s u r f a c e  sources  wi th  average on-farm pumping l i f t s  of 11.5 Feet and 
t h e  remaining 13.4k from groundwater with average l i f t s  of 24 f e e t .  

2 ~ a l u e s  r ep re sen t  t h e  engir-eering s i z i n g  of water and energy r equ i r ed  co p r ~ v i d e  a c rop  8 yea r s  out  
of 10. 

3 ~ v e r a g e  water  conscned f o r  a l l  c rops  ir- subregion.  
4 ~ v e r a g e  e l e r g y  requi red  f c r  a l l  crops and water  sources  i n  subarea.  

. 1975 ~ e q u i r e m e n t s  
. , .. 
Energy consumed ' 

Water Ground- Surf a c e  
. Applied water  Water 
k c - i n l a c )  ( d l a c )  (KWH/ac) 

T o t a l  

2 Design Requirements 

Energy consumed ' 
Water Ground- Surf a c e  

~ p p l i e d  water  Water 
(ac-iri lac) (-lac) (KWH/ac) 

34.1 662.8 40.9 
30.2 586.4 36.1 
22.3 684.4 -- 

A . .  

4 1 . 0 ~  . i51 .  3 K W H / ~ C ~  

I 

77,648 122.0 K W H / ~ C ~  4 i . 03  151.3 KWH/ac4 I 33*13 

42.3 822.2 50.8 
37.4 727.5 44.7 
27.7 786.6 - - 

77,648 33.13 122.0 KWHjic4 



Water l i f t s  i n  t h i s  subarea  w e r e  extremely low; 86.6 

pe rcen t  was supp l i ed  from s u r f a c e  sources  w i t h  average on- 

farm l i f t s  of  11.5 f e e t  and t h e  remaining 13.4. p e r c e n t  from 

groundwater wi th  24  f e e t  l i f t s .  

I r r i g a t i o n  systems he re  remained c o n s i s t e n t  w i t h  t h e  

subareas  throughout  t h e  subregion;  g r a v i t y  i r r i g a t e d  67,036 

a c r e s  o f  t h e  t o t a l  77,648 a c r e s  i n  t h i s  subarea .  I n  a d d i t i o n ,  

hand move and s i d e  r o l l  c o l l e c t i v e l y  i r r i g a t e d  8,103 a c r e s  

and c e n t e r  p i v o t s  covered 2,509 a c r e s .  



SUBREGION 1 3  

Klamath 

The Klamath Drainage Basin  i s  l o c a t e d  i n  s o u t h - c e n t r a l  

Oregon and nor thwes te rn  C a l i f o r n i a .  Th i s  s tudy  c o n s i d e r s  

o n l y  t h e  Oregon subreg ion ,  o u t l i n e d  by t h e  Winter Ridge 

c r e s t  as i t s  e a s t e r n  boundary and t h e  e a s t e r n  s l o p e s  o f  t h e  

Cascade Mountains on t h e  wes te rn  edge of  t h e  subreg ion .  

Klamath i n c l u d e s  approximately 3,600,000 a c r e s  and encom- 

p a s s e s  t h e  major p o r t i o n  o f  Klamath County and p a r t s  o f  

Jackson, Josephine and Lalte  Countico ( c c c  F igu re  15)  . 

F i g u r e  15. Map of Subregion 1 3  c o n t a i n i n g  t h e  Klamath 
Drainage   as in. 

, 



The subreg ion  i n c l u d e s  a  c lo sed  b a s i n  -- t h c  L o s t  River  

d ra inage  bas in .  I n  a d d i t i o n ,  Williamson River  i s  s i t u a t e d  

i n  t h e  n o r t h e r n  s e c t i o n  of  t h e  subreg ion  and forms t h e  major 

t r i b u t a r y  t o  Upper Klamath Lake. Sprague River ,  a  t r i b u t a r y  

t o  t h e  Williamson River ,  d r a i n s  t h e  n o r t h e a s t e r n  p o r t i o n  of  

t h e  bas in .  Crater Lake, t h e  on ly  Nat iona l  Park w i t h i n  t h e  

s t a t e  o f  Oregon, i s  l o c a t e d  i n  t h i s  subreg ion .  Upper 

Klamath Lake, t h e  l a r g e s t  n a t u r a l  l a k e  w i t h i n  Oregon, i s  

ano the r  wa te r  f e a t u r e  o f  t h e  b a s i n .  

The two most impor tan t  c o n t r i b u t i o n s  t o  t h e  economy i n  

t h e  Klamath Subregion t r a d i t i o n a l l y  have been made by t h e  

a g r i c u l t u r e  and t imber  i n d u s t r i e s .  Approximately 300,000 

a c r e s  o f  p r i v a t e l y  owned land  i s  used f o r  a g r i c u l t u r a l  

p roduc t ion .  

Table  43 l i s t s  t h e  i r r i g a t e d  c rops  w i t h  t h e i r  w a t e r  and 

energy requi rements  i n  1975 f o r  Klamath Subregion.  The 

r eg ion  con ta ined  258,612 i r r i g a t e d  a c r e s  w i t h  hay and 

p a s t u r e  occupying 146,480 a c r e s  (57 p e r c e n t  o f  t o t a l )  . 
Small g r a i n s  and p o t a t o e s  w e r e  a l s o  i r r i g a t e d .  

The subreg ion  had 838,334 acre- ' feet '  of wate r  a p p l i e d  and used 

85,647.5 MWH of  e l e c t r i c i t y  f o r  i r r i g a t i o n '  i n  1975. Corre-  

sponding eng inee r ing  des ign  requi rements  w e r e  79 3,077 

a c r e - f e e t  o f  wate r  and 77,070' MWH o f  e l e c t r i c i t y .  Of t h e  

t o t a l  i r r i g a t i o n  w a t e r ,  91.2 p e r c e n t  w a s  supp l i ed  from 

s u r f a c e  wate r  sou rces  wi th  1 0  f e e t  on-farm average l i f t s ;  t h e  

remaining wate r  was ob ta ined  from groundwater sou rces  wi th  

89 f e e t  average l i f t s .  

The subreg ion  conta ined  117,000 a c r e s  of  i r r i g a t i o n  under 

Bureau o f  Reclamation p r o j e c t s .  On t h e s e  p r o j e c t  l a n d s ,  ex ten-  

s i v e  d ra inage  was r e q u i r e d  because of  h igh  wate r  t a b l e s .  I n  



Table 43. 1975 wats r  requirements  and energy c o n s ~ m p t i o n ~ f o r  i r r i g a t i o n  i n  t h e  Klamath Subregion. 

Crop 

1975 Requirements 

Energy consumed' 

Design ~ e ~ u i r e m e n t s '  

Energy Consumed1 

dcres 
I r r i g a t e d  

Hay and pa- ~ t u r e  
Grain 
Po ta toes  
Unenumerated 

P 
h, 

03 On-farm s u b t o t a l  
? 

Pumping d i v e r s i o n  

l91.2% of t h e  water  was suppl ied  by s u r f a c e  sources  w i th  average  on-farm pumping l i f t s  of 10 f e e t  and 
t h e  remaining 8.8% from groundwzter w i th  average l i f t s  of 89 f e e t .  

2 ~ a l u e s  r ep re sen t  t h e  engineer ing  s i z i n g .  of water  and energy r equ i r ed  t13 provide a crop  8 yea r s  ou t  of 
10. 

3 ~ v e r a g e  water  consumed f o r  a l l  crops i n  subregion.  
4 ~ v e r a g e  energy r equ i r ed  f o r  all crops  and water  sources  i n  subregion.  

Water Ground- Surf a c e  
a p p l i e d  water  Water 

(ac- in /ac)  ( K W H / ~ C )  ( K W H ~ ~ C )  

I 

Wazer Ground- Su r f ace  . 
A p p l f  ed water  Water 

( ac - in l ac )  ( K W H / ~ C )  ( K ~ l a c )  

146,480 
62,800 

8,300 
41,032 

258,612 

- - 

36 . 8 3  298.01 K W H / ~ C ~  T o t a l  

43.7 1,409.5 207.3 
30.1 642.9 40.5 
21.2 788.2 533.0 
38.9 1,117.3 165.8 

38. g3 265.1 K W H / ~ C ~  

328,532.0 ac - f t  17,089.45 MlH 

43.8 1,157.9 170.1 
27.0 779.8 50.3 
26.3 973.3 66.3 
36.8 1,'357.0 156.8 

36 .83  235.5 K W H / ~ C ~  

310,796.0 ac - f t  16,166.89 MWH 

258,612 38.9' 331.18 KlJH/ac4 



a r e a s  o u t s i d e  Bureau p r o j e c t s ,  wate r  a v a i l a b i l i t y  was dependent 

upon runof f  from mountains i n  which runof f  volumes v a r i e d  widely  

from one yea r  t o  t h e  nex t .  

. Gravi ty  systems i r r i g a t e d  203,914 a c r e s  ( , 79 .pe rcen t )  o f  

t h e  t o t a l  258,612 a c r e s .  Hand move and s i d e  r b l l  ' c o l l e c t i v e l y  

i r r i g a t e d  44,608 a c r e s .  Remaining systems and t h e i r  ac reages  

were: 6,225 a c r e s  of s o l i d  se t ,  3,230 a c r e s  of  c e n t e r  p i v o t ,  

and 635 a c r e s  of b i g  gun. 



SUBREGION 1 4  

Bear River 

The Bear River Subregion i s  s i t u a t e d  i n  t h e  s o u t h e a s t e r n  

co rne r  o f  Idaho and i s  shown i n  F igu re  16. Although t h i s  

s t u d y ' s  .area i n c l u d e s  only  t h a t  p o r t i o n  o f  t h e  Bear River  

Basin i n  Idaho,  t h e  e n t i r e  b a s i n  inc1ude.s p o r t i o n s  of  Utah, 

Idaho and Wyoming. Th i r ty - s ix  p e r c e n t  o f  t h e  t o t a l  a r e a  i s  

i n  Idaho. 

F igure  16. Map of Subregion 1 4  c o n t a i n i n g  Bear ~ i v e r  Basin. 

E l e v a t i o n s  i n  t h e  subreg ion  range zrom 4 , 4 4 0  f e e t  i n  

t h e  v a l l e y  t o  9,953 f e e t  a t  Meade Peak &st o f  Georgetown, 

Idaho. About one-half  o f  t h e  subreg ion  i s  mountainous and 

l ies  above 6,000 f e e t .  Major v a l l e y s  and mountain ranges  



t r e n d  nor th-south.  T r i b u t a r y  v a l l e y s  i n t e r s e c t  a t  r i g h t  
e 

a n g l e s .  T r i b u t a r y  s t ream g r a d i e n t s  a r e  s t e e p ,  whereas main 

v a l l e y  g r a d i e n t s  a r e  comparat ively  g e n t l e .  

Annua l  p r e c i p i t a t i o n  w i t h i n  t h e  sub reg ion  r anges  from 

1 4  t o  abou t  50 inches ,  w i t h  a g r i c u l t u r a l  areas r e c e i v i n g  

approximately  14 i nches .  A g r i c u l t u r e  i s  a major economic 

a c t i v i t y ,  account ing f o r  one - th i rd  o f  t h e  a r e a ' s  employment. 

Table  44 p r e s e n t s  t h e  1975 wa te r  and energy 

i n  B e a r  River Subregion.  The sub reg ion  i r r i g a t e d  236,580 

acres. Again, hay and p a s t u r e  w e r e  t h e  predominant c rops  

wi,th 163,683 a c r e s .  Add i t i ona l  i r r i g a t e d  c rops  i nc luded  

smal l  g r a i n s ,  v e g e t a b l e s ,  f r u i t s ,  n u t s ,  b e r r i e s ,  f i e l d  corn ,  

legume seed ,  p o t a t o e s  and s u g a r  b e e t s .  

The 236,580 a c r e s  had 514,561 a c r e - f e e t  o f  water a p p l i e d  . 
and used 78,639.2 MWH of e l e c t r i c i t y .  Engineer ing d e s i g n  r e q u i r e -  

ments w e r e  577,649 a c r e - f e e t  o f  w a t e r  and 87,913.1 MWH o f  

e l e c t r i c i t y .  Sur face  sou rces ,  w i t h  average  on-farm pumping 

l i f t s  o f  10 f e e t ,  supp l i ed  78.1 p e r c e n t  of  t h e  water. The 

remaining 21.9 p e r c e n t  was ob ta ined  from groundwater w i t h  

average  pumping l i f t s  o f  250 f e e t .  

Hand move, g r a v i t y  and s i d e  r o l l  i r r i g a t i o n  systems 

dominated t h e  r eg ion ,  w i t h  r e s p e c t i v e  ac reages  o f  107,.521, 

85,105, and 39,411 acres. Center  p i v o t  and s o l i d  set 

systems i r r i g a t e d  3,029 and 1,514 acres, r e s p e c t i v e l y .  



Table  44. 1975 w a t e r  requ i rements  and exergy c ~ n s u m p t i o n  f o r  i r r i g a t i o n  i n  t h e  Bear River  Subregion.  

Crop 

1975 Requirements Design ~ e ~ u i r e m e n  ts '  

Energy ~ o n s u m e d '  Energy Consumcd 
' 

Water Ground- Sur f  a c e  Water Ground- S u r f a c e  

Acres  Appl ied w a t e r  Water Appl ied w a t e r  Water 
(1<WH/ac) (K\JH/ac) ( a c - i n / a c )  (KWH/ac) (KWil/ac) 

Hay and p a s t u r e  
G r a i n  
Vege tab les  
F r u i t s ,  n u t s  and b e r r i e s  
F i e l d  c o r n  
Legume seed  
P o t a t o e s  

P 
w Sugar b e e t s ,  s u g a r  
h, 

On-farm s c b t o t a l  

Pumping d i v e r s i o n  

l78.1% of th,e w a t e r  was s u p p l i e d  by s u r f a c e  s o u r c e s  w i t h  a v e r a g e  on-farm puni?ing l i f t s  of 1 0  f e e t  
and t h e  remaining 21.9% from groundwater w i t h  a v e r a g e  l i f t s  of 250 f e e t .  

2 ~ a l u e s  r e p r e s e n t  t h e  ~ n g i n e e r i n g  s i z i n g  of w a t e r  and energy  r e q u i r e d  t o  pro-r ide  a c r o p  8  y e a r s  ou t  
o f  10.  

3 ~ v e r a g e  w a t e r  consumed f o r  a l l  c r o p s  i n  subreg ion .  
4 ~ v e r a g e  energy r e q u i r e d  f o r  a l l  c r o p s  and w a t e r  s o u r c e s  i n  subreg ion .  

. . .  , 

T o t a l  236,580 

. . 

26.13 332.4 ~ m / a c ~  23.33 37 1 .6  K W H / ~ C  



REGIONAL AND STATE SUMMARY 

Table  45 c o n t a i n s  a summary o f  t h e  wa te r  requi rements  and 

energy consumption f o r  i r r i g a t i o n  i n  each  subarea .  Subreg iona l  

wate r  a p p l i c a t i o n s  ranged from 1 . 3  t o  5.5 a c r e - f e e t  p e r  a c r e  o f  

wate r ,  w i t h  an average r e g i o n a l  va lue  o f  3 .1  a c r e - f e e t  p e r  a c r e .  

Per-acre  energy consumption v a r i e d  even more d r a m a t i c a l l y ,  from 

169.7 t o  2,66 3 . 1  KWH/acre . Regional average  energy consumption 

w a s  7 98.7 KWH/acre. Regional e n g i n e e r i n g  d e s i g n  requi rements  

were 3.3 a c r e - f e e t  o f  water and 821.4 KWH p e r  acre o f  i r r i g a t e d  

l and .  The r e g i o n  t o t a l e d  t h e  fo l lowing  ac reages  f o r  each major 

i r r i g a t i o n  system: g r a v i t y ,  4,063,948 acres; hand move, 1 ,428,341 

a c r e s ;  s i d e  r o l l ,  1,068,059 a c r e s ;  c e n t e r  p i v o t ,  476,498 a c r e s ;  

s o l i d  set ,  117,035 a c r e s ;  permanent, 89,741 a c r e s ;  b i g  gun, 

43,976 a c r e s ;  and d r i p ,  3,170 a c r e s .  

Oregon i r r i g a t e d  1,850,660 a c r e s  i n  1975. Th i s  l and  a r e a  

had 5,001,001.5 a c r e - f e e t  of  wate r  a p p l i e d  and consumed 932,050.4 

MWH of e l e c t r i c i t y ,  y i e l d i n g  2.7 a c r e - f e e t  of wate r  and 503.6 KWH of 

energy p e r  a c r e .  I r r i g a t i o n  systems employed, w i t h  t h e i r  r e -  

s p e c t i v e  ac reages ,  were: 952,684 acres o f  g r a v i t y ;  422,145 

a c r e s  o f  hand move; 321,436 a c r e s  of  s i d e  r o l l ;  97,291 acres 

o f  c e n t e r  p i v o t ;  29,367 acres of  b i g  gun; 15,440 a c r e s  o f  s o l i d  

s e t ;  12,025 a c r e s  of permanent; and 272 a c r e s  o f  d r i p .  

A t o t a l  o f  1,594,457 a c r e s  was i r r i g a t e d  i n  Washington i n  

1975; of  t h e  t h r e e  s t a t e s ,  Washington had  t h e  h i g h e s t  l e v e l s  o f  

wate r  and energy usage. Approximately 4.3 a c r e - f e e t  of  water 

were a p p l i e d  and 1,782.2 KWH of e l e c t r i c i t y  were consumed by an 

"average"  acre i n  Washington. I r r i g a t i o n  systems and ac reages  were: 

a s  fo l lows:  g r a v i t y ,  654,292 a c r e s ;  s i d e  r o l l ,  415,445 a c r e s ;  

hand move, 200,477 a c r e s ;  c e n t e r  p i v o t ,  200,140 a c r e s ;  permanent, 

77,158 acres; s o l i d  se t ,  30,932 a c r e s ;  b i g  gun, 13,115 acres; and 

d r i p ,  2,898 a c r e s .  



Table 45. 1975 water requirements and energy conslunption for irrigarion in each subregion and state in the r,egion. 

Acres 
Subregion irrigated 

OREGON ( 1  1,850,660 

WASHI~GTON 

IDAHO 

1975 Requirements Lesign Requirements 
Water Energy Water/ac Energy/ac ' Water Enercy Water/ac Energy/ac 

applied consumed (ac-ft/ac) (KWH/ac) applied consurr.ed (ac-f t/ac) (KWH/ac) 

1,594,457 

3,645,651 

2.3 

4.0 

5.0 

3.0 

3.8 

2.9 

3.0 

2 .1  

1.6 

2.7 

2.3 

3.4 

3.1 

2.4 

3.0 

4.1 

3.2 

3.3 

(m) 

63.009 

Lt987.488 

29ht891.6 

1,660,249.3 

560,655.4 

140,277.8 

746 t634 -8  

10,449 

160,277.7 

64,€59.3 

79,207 

55,156.5 

77,C70 

87,913.1 

913,595.9 

1,192.2 

2,589.9 

560.6 

652.9 

424.9 

525.2 

1,296.9 

801.4 

611.6 

566.6 

860.8 

210.4 

298.0 

371.6 

493.9 

1,720.7 

606.1 

821,4 

(ac-f t) 

120,376 

3,082,944 

2,621,233 

7,666,844 

4,993,265 

765,779 

1,731,544 

27,056 

419.301 

307,159 

212,671 

896,508 

793,077 

577,649 

5,467,772.1 

1,100.1 

2,633.1 

614.9 

586.3 
I 

378.9 

468.7 

1,345.2 

690.8 

503.3 

495.3 

755.0 

169.7 

331.2 

332.4 

503.6 

1,782.2 

2 .1  

4.1 

E.5 

2.7 

1.4 

2.5 

2.1 

B .8 

11.3 

2 .4 

2.0 

2.8 

3.2 

2.2 

2.7 

4.3 

(ac-ft) 

111,876 

3,143,717 

2,893,000 

5,839,114 

1,443,773 

674,998 

1,763,840 

23.362 

315.050 

203,413 

185,799 

723;638 

838,334 

514,561 

5,001,001.5 

6,822,246.5 

532.9 

798.7 

(MWH) 

58,139.2 

2,075,173 

323,437.4 

1,490,771.4 

500#093-4 

125,266 

774,270 

9,007 

131,899.1 

56,693.7 

69,559 

44,475.8 

85,647.5 

78,639.2 

932,050.4 

2,841,572.2 

24,215,406 

2.8 

3.1 

10,951,227.0 

2 ,774,475 5,988,340.5 

2,049,448.8 

5,823,071.7 



Idaho irrigated 3,845,651 acres, requiring 10,951,227.0 

acre-feet of water to be applied and 2,049,448.8 MWH of elec- 

tricity to be consumed. The average acre had 2.8 acre-feet of 

water applied and consumed 532.9 KWH of.electricity. A parti- 

tioning of Idaho ' s irrigation systems was as follows : 2,456,972 
acres of gravity; 805,719 acres of. hand move; 331,178 acres of 

side roll; 179,067 acres of center pivot; 70,663 acres of solid 

set; 1,494' acres of big gun; and 558 acres of permanent. 
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