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ABSTRACT 

The choice of an opt imal  s t r u c t u r e  f o r  a groundwater e x t r a c t i o n  system 
depends upon a l a r g e  number of v a r i a b l e s  which are s i t e  s p e c i f i c ,  i nc lud ing  such 
t h i n g s  as l a b o r  and c a p i t a l  c o s t s ,  s o i l  and s lope  cond i t ions  of  l a n d s  t o  be 
i r r i g a t e d ,  and t h e  r e l a t i v e  s c a r c i t y  o f  water.  These c o n s i d e r a t i o n s  notwith-  
s t and ing ,  u s e f u l  i n s i g h t s  i n t o  the  c o s t  s t r u c t u r e  of groundwater use can 
be ob ta ined  by examining such c o s t s  w i th in  t h e  con tex t  of c o n d i t i o n s  i n  t h e  
Southwestern United S t a t e s ,  with emphasis given t o  r e l a t i v e  c o s t s  and t h e  
t r a d e o f f s  between components of t h e  groundwater e x t r a c t i o n  system. Th i s  is  t h e  
end sought i n  t h i s  paper .  Major components of t h e  groundwater e x t r a c t i o n  system 
which a r e  examined i n  t h i s  paper i nc lude  water  d i s t r i b u t i o n  systems,  pumps, and 
a l t e r n a t i v e  f u e l  t ypes .  Fixed and v a r i a b l e  c o s t s  are desc r ibed  for  each system, 
and cond i t ions  under which a l t e r n a t i v e  e x t r a c t i o n  systems might be p r e f e r a b l e  
a r e  discussed.  The primary t r a d e - o f f s  considered i n  t h e s e  d i s c u s s i o n s  a r e  those  
between l a b o r  and c a p i t a l  i n t e n s i v e  systems,  and those  between a l t e r n a t i v e  
d i s t r i b u t i o n  systems. 

1 INTRODUCTION 

Th i s  paper has  as primary purpose t h e  p r e s e n t a t i o n  of d a t a  which can 

provide a po in t  o f  depa r tu re  for  d i s c u s s i o n s  of t h e  r e l a t i v e  c o s t s  of a l t e r n a t i -  

ve c a p i t a l  s t r u c t u r e s  used i n  e x p l o i t i n g  groundwater r e sources  for  i r r i g a t e d  

a g r i c u l t u r e .  The major components of such systems a r e ,  of cour se ,  water 

a p p l i c a t i o n  systems ( fu r row,  d r i p ,  s p r i n k l e r s ,  e t c . ) ,  pumps, and cana l /wa te r  

d e l i v e r y  systems. These a s p e c t s  of groundwater development and use w i l l  be 

d i scussed  below. 

One's choice of an opt imal  s t r u c t u r e  f o r  a groundwater e x t r a c t i o n  system 

w i l l ,  of cour se ,  depend upon a l a r g e  number of v a r i a b l e s  which are s i t e  s p e c i -  

f i c ;  examples i n  t h i s  r ega rd  include:  t h e  r e l a t i v e  s c a r c i t y  of wa te r ;  depth 

t o  water t a b l e ;  t h e  r e l a t i v e  p r i c e s  of f u e l ;  crop mixes and, t h e r e f o r e ,  reve-  

nues;  and s o i l / s l o p e  cond i t ions  of t h e  l ands  t o  be i r r i g a t e d .  Obviously,  w e  

cannot cover  i n  t h i s  s h o r t  paper any and a l l  cond i t ions  which might be encounte- 

r e d  i n  i r r i g a t i o n  a r e a s  throughout t h e  world.  Our d i s c u s s i o n s  r e q u i r e  some 

s p e c i f i c  con tex t ,  however, i n  which case  ou r  d i s c u s s i o n s  of groundwater develop- 

ment a r e  cast wi th in  t h e  physical/economic environment found i n  t h e  a r i d ,  

southwest a r e a s  of the  United S t a t e s .  While our d a t a  w i l l  then be of l i t t l e  
d i r e c t  use for a p p l i c a t i o n s  r e l e v a n t  for  d i f f e r i n g  agronomic and economic 
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cond i t ions  encountered i n  o t h e r  p a r t s  of  t h e  world,  our  hope is  t h a t  our  focus 

on the importance of r e l a t i v e  cond i t ions  as they  r e l a t e  t o  the  opt imal  choice 

f o r  groundwater e x t r a c t i o n  systems w i l l  be of  more gene ra l  use.  I n  any c a s e ,  

t h e  d i scuss ions  should se rve  t o  s e t  t h e  s t a g e  for  most product ive p a r t s  of  

seminars:  t he  interchange of  i d e a s  between p r o f e s s i o n a l  r e s e a r c h e r s  concerned 

with t h e  developments and use of groundwater f o r  i r r i g a t i o n  purposes .  

Our d i scuss ions  a r e  organized i n  the  fol lowing f a sh ion .  I n  s e c t i o n s  I1 

through 111, a t t e n t i o n  i s  focused p r imar i ly  on agronomic and hydro log ica l  

cond i t ions  which a r e  r e l e v a n t  f o r  choices  r e l a t e d  t o  water a p p l i c a t i o n  and 

d e l i v e r y  systems. Brief  comments concerning r e l a t i v e  f u e l  c o s t s  and the  

r e s u l t i n g  use of  power systems i n  t h e  United S t a t e s  a r e  o f f e r e d  i n  s e c t i o n  I V .  
A t t en t ion  is  narrowed t o  f i x e d  and v a r i a b l e  c o s t s  f o r  a l t e r n a t i v e  groundwater 

e x p l o i t a t i o n  systems i n  s e c t i o n  V.  

2 WATER APPLICATION SYSTEMS FOR GROUNDWATER IRRIGATION 

Various methods for applying water t o  c rops  with groundwater i r r i g a t i o n  

have been developed t o  meet t h e  needs of  d i f f e r e n t  areas and crops being 

produced. Some of  t h e  cond i t ions  which determine t h e  "best"  type of  a water 

a p p l i c a t i o n  system f o r  any given a p p l i c a t i o n  inc lude  t h e  fol lowing:  t h e  c o s t  o f  

water ;  s lope  of l ands ;  s o i l  depth and t e x t u r e ;  type of  crops c u l t i v a t e d ;  

a v a i l a b i l i t y ,  q u a n t i t y  and q u a l i t y  of  groundwater; depth t o  water t a b l e s  (and,  

t h e r e f o r e ,  pumping c o s t s ) ;  and the  e x i s t e n c e  of  problems such as s a l i n i t y  and 

poor drainage cond i t ions .  I n  what fo l lows ,  and acknowledging the  r i s k s  o f  over-  

g e n e r a l i z a t i o n ,  we comment b r i e f l y  on the  relevance of  many of t h e  cond i t ions  

l i s t e d  above for  the  t y p i c a l  choice among e i g h t  d i f f e r e n t  water d e l i v e r y  systems 

- t h e  economic a s p e c t s  of such cho ices  a r e  taken up below i n  s e c t i o n  V. The 

e i g h t  systems t o  be sketched here  are: 

Border check-flood 

Furrow 

S p r i n k l e r s  

Hand move 

Wheel l i n e  

Center p i v o t  

Drag hose 

Permanent set  

Drip 

A .  Border Check-Flood I r r i g a t i o n .  Flood i r r i g a t i o n  is  t y p i c a l l y  found i n  

a r e a s  with f l a t  topography, inexpensive water, and l a r g e  water d e l i v e r i e s .  It 

i s  o f t e n  the l e a s t  e f f i c i e n t  method i n  terms of use but  i s  u s u a l l y  t h e  lowest 

c o s t  method f o r  groundwater a p p l i c a t i o n s .  One f i n d s  the  use of  border  check 

i r r i g a t i o n  i n  a r e a s  where v i r t u a l l y  a l l  t ypes  o f  crops a r e  grown, p a r t i c u l a r l y  
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i n  a r e a s  used f o r  hay and p a s t u r e  crops.  Orchards and vineyards a r e  o f t e n  

f looded because of ease  of c u l t i v a t i o n  and i s  u s u s a l l y  i r r i g a t e d  by contour  

checks.  

I n  t h e  most gene ra l  terms,  t y p i c a l  cond i t ions  which r e s u l t  i n  f l o o d  

i r r i g a t i o n  as an opt imal  choice f o r  a water d e l i v e r y  system inc lude  t h e  f o l l o -  

wing : 

* S o i l  grade of l e s s  than 3%; 
* Crops such as a l f a l f a  and p a s t u r e  which r e q u i r e  0 .2  - 0.3  meter grade p e r  

100 meters of run ;  

* Water c o s t s  of $ 0.008 p e r  cubic  meter o r  l e s s ;  

* Water d e l i v e r i e s  of 50-500 l i t r e s  p e r  second 

* Rela t ive  abundant s u p p l i e s  of groundwater;  

We no te  i n  passing t h a t ,  i n  t h e  United S t a t e s ,  f l o o d  i r r i g a t i o n  i s  the  most 

commonly used water a p p l i c a t i o n  system. 

B.  Furrow I r r i g a t i o n .  Furrow i r r i g a t i o n  i s  a v a r i a t i o n  of  f lood  i r r i g a t i o n  

where the  water  is confined t o  narrow furrows r a t h e r  than wide border  checks.  

Furrows may be e i t h e r  s t r a i g h t ,  z igzag (furrow b l o c k i n g ) ,  o r  contour .  Furrow 

i r r i g a t i o n  is  t y p i c a l l y  used fo r  row c rops ,  o rcha rds ,  and v ineya rds .  Annual 

f i e l d  and vegetable  crops which r e q u i r e  0.05 f e e t  o f  grade pe r  100 me te r s  

because of germination problems, i n s e c t  c o n t r o l ,  h a r v e s t ,  and r o o t i n g  w i l l  

t y p i c a l l y  use furrow i r r i g a t i o n  methods. Some c rops  such as those  ha rves t ed  f o r  

seed are furrow i r r i g a t e d  because of weed c o n t r o l  and h a r v e s t i n g  requirements .  

General  cond i t ions  which l e a d  t o  an opt imal  choice of furrow i r r i g a t i o n  f o r  

groundwater a p p l i c a t i o n  inc lude  t h e  fol lowing:  

* Slopes of l e s s  than 2 % ;  

* Fine ly  t e x t u r e d  s o i l s ;  

* Crops which a r e  s u b j e c t  t o  drowning. 

* Water c o s t s  and supply cond i t ions  similar t o  

i r r i g a t i o n ;  

C .  Sp r ink le r  Systems. S p r i k l e r s  a r e  g e n e r a l l y  used under cond i t ions  where 

f lood  o r  furrow i r r i g a t i o n  cannot be used e f f i c i e n t l y .  Typ ica l ly ,  such condi- 

t i o n s  inc lude :  

t hose  r e q u i r e d  f o r  border  

* Chemical and phys ica l  s o i l  problems such as s a l i n i t y  o r  poor water  

p e n e t r a t i o n ;  

* Nonti l lage cond i t ions ;  

* Slopes i n  excess  of 3%; 
* Limited,  and t h e r e f o r e  expensive,  water  s u p p l i e s ;  

* Spec ia l  cond i t ions  such as f r o s t  c o n t r o l ,  germinat ion,  l e a c h i n g ,  o r  
inadequate  l and  grading.  

I n  g e n e r a l ,  s p r i n k l e r s  r e q u i r e  l e s s  l a b o r  than f l o o d  o r  furrow i r r i g a t i o n  
atmospheres of p r e s s u r e  needed t o  but  t he  investment i s  h ighe r  and t h e  1.3-1.9 
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opera t e  t h e  s p r i n k l e r s  p l u s  f r i c t i o n  l o s s  i n  t h e  p i p e s  i s  e q u i v a l e n t  t o  30-45 

meters  i n  terms of pumping l i f t .  Many types  of s p r i n k l e r  systems are i n  use .  

Some have s p e c i a l  cond i t ions  under which they  a r e  used. O the r s  are used under 

a l l  cond i t ions .  A b r i e f  ske t ch  of f i v e  a l t e r n a t i v e  s p r i n k l e r  systems i s  g iven  

i n  the  fo l lowing .  

C 1. Hand move. These were t h e  first s p r i n k l e r  sys tems developed f o r  

i r r i g a t i o n  and cont inue  t o  be used f o r  many s i t u a t i o n s .  They are u s a b l e  

wherever s p r i n k l e r  systems a r e  a p p l i c a b l e  and can be used on most c rops .  Hand 

move systems may have e i t h e r  p o r t a b l e  o r  bu r i ed  main l i n e s .  T h e i r  major appea l  

l i e s  i n  the  lower c a p i t a l  c o s t s  r equ i r ed  r e l a t i v e  t o  o t h e r  s p r i n k l e r  systems 

( s e e  s e c t i o n  5 below). 

C 2. Wheel l i n e .  These systems were developed p r i m a r i l y  t o  reduce  t h e  

l a b o r  r e q u i r e d  f o r  t h e  hand move systems. Also, moving s p r i n k l e r s  i s  o f t e n  an 

unpleasant  t a s k  wich many U.S. f a rmers  would seem t o  p r e f e r  t o  avoid .  Ea r ly  

wheel l i n e  systems were moved wi th  a t r a c t o r  o r  o t h e r  e x t e r n a l  motive power. 

Most of t h e  newer systems have a power u n i t  mounted o n t  he s p r i n k l e r  l i n e .  

These systems r e q u i r e  a l a r g e r  investment t han  t h e  hand move systems bu t  

m a t e r i a l l y  reduce t h e  l a b o r  i n p u t .  Thus, cho ice  between hand move and wheel 

l i n e  s p r i n k l e r  systems w i l l  o f t e n  t u r n  on t h e  r e l a t i v e  a v a i l a b i l i t y  and c o s t s  o f  

l a b o r  and c a p i t a l  - a t r a d e o f f  of obvious importance i n  deve loping  c o u n t r i e s .  

C 3.  Center  p i v o t .  A c e n t e r  p i v o t  systems i s  e s s e n t i a l l y  a v a r i a n t  o f  t h e  

mechanical wheel l i n e  system where i n s t e a d  o f  t h e  e n t i r e  l i n e  moving a c r o s s  t h e  

f i e l d ,  t h e  l i n e  i s  f i x e d  on one end and then  p i v o t s  around t h a t  p o i n t .  They 

have s e v e r a l  d i sadvantages :  t h e  i r r i g a t i o n  p a t t e r n  i s  a c i r c l e  and t h e  c o r n e r s  

o f  a square  f i e l d  a r e  e i t h e r  n o t  i r r i g a t e d  o r  must be i r r i g a t e d  by a hand move 

o r  o t h e r  type  of system, and t h e  water d i s t r i b u t i o n  can be poore r  than  wi th  

o t h e r  s p r i n k l e r  systems. 

Due t o  the  f a c t  t h a t  any p i v o t  system cannot  i r r i g a t e  100% of  a f i e l d ,  

t h e i r  use  has been l i m i t e d  u n t i l  r e c e n t l y  t o  areas o f  low l and  va lues .  Recent- 

l y ,  however, c e n t e r  p i v o t s  wi th  a co rne r ing  system have been in t roduced  i n  

C a l i f o r n i a .  Although they a r e  more expens ive ,  t h e  co rne r ing  dev ice  makes i t  

p o s s i b l e  t o  i r r i g a t e  96-97% of a f i e l d ,  t h u s  expanding t h e i r  use  t o  h i g h e r  

va lued  l and .  Also,  t hese  systems apply  water a t  a h igh  r a t e ,  some s o i l  cannot  

absorb  i t  as f a s t  as a p p l i e d  and runof f  and p o s s i b l e  e r o s i o n  can be a problem. 

C 4 .  Hose drag .  This  i s  ano the r  v a r i a t i o n  o f  t h e  mechanical move sys tems 

bu t  employs f l e x i b l e  hose r a t h e r  t han  r i g i d  p i p e .  The use  o f  t h e s e  systems has  

been conf ined  l a r g e l y  t o  o rcha rd  drops .  Experience has  i n d i c a t e d  a h igh  l a b o r  

requirement even with the  mechanical moving f e a t u r e .  

C 5. Permanent s e t .  The h igh  inves tment  c o s t  (demonst ra ted  below i n  

s e c t i o n  5 )  of t hese  systems has  l i m i t e d  t h e i r  use  l a r g e l y  t o  o r c h a r d s  and 

v ineyards  ( r e l a t i v e l y  high income c rops )  and where they  can be used  f o r  f r o s t  
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p r o t e c t i o n .  

C 6.  Drip I r r i g a t i o n .  This  i s  t h e  newest o f  a l l  commercial water  app l i ca -  

t i o n  systems used for groundwater,  as well as s u r f a c e  water i r r i g a t i o n  i n  

C a l i f o r n i a .  It invo lves  t h e  f r equen t  o r  d a i l y  a p p l i c a t i o n  of water  i n  t h e  form 

of  drops from small diameter  tubes or mechanical dev ices  c a l l e d  e m i t t e r s  t o  

given a r e a s .  When c o r r e c t l y  designed,  t h e  r a t e  o f  a p p l i c a t i o n  should p e n e t r a t e  

t h e  s o i l  p rope r ly  with minimum r u n o f f .  The e m i t t e r s  d i s s i p a t e  the  p r e s s u r e  i n  

t h e  hose d i s t r i b u t i o n  network by means o f  e i t h e r  a small diameter  o r i f i c e  o r  a 

long flow p a t h ,  and t h u s ,  reduce t h e  water  flow t o  drops of a few l i t e rs  p e r  

hour.  The a p p l i e d  wa te r  

moves through the  s o i l  by c a p i l l a r y  flow. To achieve adequate  we t t ing  of  t h e  

r o o t  zone, s e v e r a l  e m i t t e r s  p e r  p l a n t  may be r equ i r ed .  The number of e m i t t e r s  

depends on the  s i z e  of t h e  p l a n t  and t h e  c a p i l l a r y  c o n d u c t i v i t y  of t h e  s o i l  t o  

permit  la teral  water  movement. 

Most emission r a t e s  range from 2 t o  8 l i t r e s  p e r  hour.  

The volume of s o i l  we t t ing  around t h e  p l a n t s  i s  less wi th  a d r i p  system 

than is the  case  with o t h e r  methods of  i r r i g a t i o n .  The we t t ed  volume may va ry  

from 5-10% of the  s o i l  volume around young t r e e s  t o  40-601 o f  t h e  s o i l  a r e a  

around mature trees or annual c rops .  

3 COMMENTS CONCERNING I R R I G A T I O N  EFFICIENCIES 

I r r i g a t i o n  e f f i c i e n c y  r e f e r s ,  of cour se ,  t o  t h e  pe rcen t  of t h e  i r r i g a t i o n  

water  which i s  used by crops a f t e r  va r ious  l o s s e s  occur .  Water l o s s e s  can occur  

throughout t he  i r r i g a t i o n  complex and the  t o t a l  l o s s e s  w i l l  vary from area t o  

a r e a  depending on the  source of water, t h e  method of  a p p l i c a t i o n ,  t h e  type of 

s o i l ,  t he  crop being grown, the  weather c o n d i t i o n s ,  and t h e  need for  s a l t  

balance by l each ing .  

I r r i g a t i o n  e f f i c i e n c y  i s  t y p i c a l l y  considered wi th in  two con tex t s :  water 

conveyance e f f i c i e n c y  and water  a p p l i c a t i o n  e f f i c i c e n c y .  Water conveyance 

e f f i c i e n c y  r e f e r s  t o  l o s s e s  of water from i t s  source t o  i t s  d e s t i n a t i o n  ( t h e  

p l a n t ) .  Conveyance e f f i c i e n c i e s ,  which with un l ined ,  d i r t  d i t c h e s ,  average 

between 60% and 80%, can be reduced v i a  c a p i t a l  investments  f o r  conc re t e  l i n e d  

d i t c h e s  or p i p e l i n e s -  - c o s t s  f o r  which a r e  d i scussed  below i n  s e c t i o n  5. 
Conveyance e f f i c i e n c i e s  f o r  conc re t e  l i n e d  d i t c h e s  and p i p e l i n e s  range from 80- 

90% and 90-952, r e s p e c t i v e l y ,  thus t h e  p o t e n t i a l  economic r e t u r n s  from such 

investments .  

Water a p p l i c a t i o n  e f f i c i e n c y  i s  measured by t h e  r a t i o  of water s t o r e d  i n  

t h e  r o o t  zone of soils, which i s  then a v a i l a b l e  t o  the  p l a n t s ,  and the  volume of 

wa te r  which is  d e l i v e r e d  t o  the  f i e l d .  Such water  l o s s e s  r e s u l t  l a r g e l y  from 

deep pe rco la t ion  below t h e  r o o t  zone, bu t  i nc lude  s u r f a c e  runoff  and evapora t ion  

from water  and s o i l  s u r f a c e s .  Many wa te r s  con ta in  s o l u b l e  salts which must be 

leached through t h e  p l a n t  r o o t  zone, Some deep p e r c o l a t i o n  is  a n e c e s s i t y  t o  
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mainta in  a f avorab le  sa l t  ba lance  i n  t h e  s o i l .  

Common water a p p l i c a t i o n  e f f i c i e n c i e s  vary  from 40-90% depending upon water 

q u a l i t y ,  type of i r r i g a t i o n ,  type  of s o i l ,  l e n g t h  of i r r i g a t i o n  run ,  s l o p e ,  

t empera ture ,  wind and o t h e r  f a c t o r s .  While n o t  as amenable t o  e f f e c t s  from 

inves tments  as conveyance i n c r e a s e d  v i a  c a p i t a l  expend i tu re s .  The most common 

example i n  t h i s  r ega rd  a r e  inves tments  for  t h e  purpose of l a n d  l e v e l i n g .  

4 POWER COSTS 

Most i r r i g a t e d  c rop  l and  us ing  groundwater i n  t h e  Uni ted  S t a t e s  brought 

i n t o  product ion  s i n c e  t h e  e a r l y  1970s has  been developed i n  areas ( t h e  P a c i f i c  

Northwest)  where h y d r o e l e c t r i c i t y  i s  p l e n t i f u l  and r e l a t i v e l y  inexpens ive ,  as 

well as i n  a r e a s  i n  t h e  Midwest and Sou theas t  where i r r i g a t i o n  i s  used  t o  

supplement r a i n f a l l ,  where n a t u r a l  gas  is  no t  r e a d i l y  a v a i l a b l e  and is  r e l a t i v e -  

l y  expens ive ,  and where, t h e r e f o r e ,  e l e c t r i c i t y ,  d i e s e l ,  and LP gas  a r e  e x t e n s i -  

ve ly  used .  

Changes i n  t h e  p a t t e r n  of f u e l  u ses  i n  t h e  U.S.'s i r r i g a t e d  a g r i c u l t u r a l  

s e c t o r  t o  power pumps used f o r  groundwater e x p l o i t a t i o n  are shown i n  Table  1. 

Table 1 

Percentage of acreage  i r r i g a t e d  by type  of f u e l  and p r i c e  of 

f u e l  i n  U.S., 1970 - 1985. 

FUEL TYPE 1970 1975 1980 1985 

E l e c t r i c i t y  
% of  IPV 
P r i c e  $/kWh 

Na tu ra l  gas  
% of I P V  
P r i c e  $/&a1 

Diese l  
% of IPV 
P r i c e  $ / l i t r e  

LP Gas 
% of IPV 
P r i c e  $ / l i t r e  

Gasol ine  
% of I P V  
P r i c e  $ / l i t r e  

47 
0.0212 

25 
2.56 

8 
0,048 

13  
0,037 

6 
0,092 

59 
0.0308 

19 
5.16 

11 
0.104 

7 
0,081 

3 
0,146 

58 
0.0442 

18 
12.52 

15 
0,261 

6 
0,164 

3 
0,304 

60 
.0717 

15 
20.08 

17 
0,184 

5 
0,192 

2 
0,304 

IPV = I r r i g a t i o n  Power Uni t s  
Sources:  Type of f u e l :  "Annual Surveys of I r r i g a t i o n  J o u r n a l ,  1971, 1976, 

1981, 1986. 
P r i c e s  of f u e l :  S t a t i s t i c a l  Abs t r ac t  of t h e  Uni ted  S t a t e s .  U.S.,  

Department of Commerce, Bureau of the  Census,  102d 
(1981) and 107d (1986). 
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Thus, p r i o r  t o  t h e  energy c r i s i s  i n  t h e  mid-l970s, f o s s i l  f u e l s  accounted f o r  

s l i g h t l y  over  50 pe rcen t  of f u e l s  powering groundwater i r r i g a t i o n  u n i t s .  

E l e c t r i c i t y  accounted for  t h e  remaining 47 p e r c e n t .  However, by 1975 e l e c t r i c i -  

t y  became t h e  dominating source account ing f o r  about 60 pe rcen t  of t h e  f u e l  f o r  

powering i r r i g a t i o n  power u n i t s  i n  the  U.S.. The major l o o s e r s  were n a t u r a l  gas  

and l i q u i d  petroleum (LP) gas ,  each dropping 6 percentage p o i n t s  between 1970 

and 1975. The sources  of f u e l s  used for  powering i r r i g a t i o n  pumps remained 

f a i r l y  s t a b l e  between 1975 and 1985 wi th  e l e c t r i c i t y  dominating, n a t u r a l  gas  

cont inuing t o  d e c l i n e ,  and the  use of d i e s e l  f u e l  i n c r e a s i n g  as more groundwater 

i r r i g a t i o n  was developed i n  t h e  Midwest and South.  

The p r i c e  of n a t u r a l  gas  has  inc reased  almost 8 f o l d  (784%) between 1970 

and 1985 while  t he  p r i c e  of e l e c t r i c i t y  has  on ly  inc reased  338 pe rcen t  (Table  

1 ) .  The p r i c e  of d i e s e l  f u e l  i nc reased  ove r  5 f o l d  during the  1970 - 1985 

p e r i o d ,  LP gas about 5 f o l d  and gaso l ine  only 3.3 f o l d .  

Modern i r r i g a t i o n  t echno log ie s  such as s p r i n k l e r  and d r i p  i r r i g a t i o n  have 

been playing and i n c r e a s i n g l y  important  r o l e  i n  a g r i c u l t u r a l  product ion over  t h e  

l a s t  t h i r t y  yea r s .  In  1980 about 5,260,000 h e c t a r e s  were i r r i g a t e d  wi th  

s p r i n k l e r  systems, while about 283,000 h e c t a r e s  were i r r i g a t e d  wi th  d r i p  

( I r r i g a t i o n  J o u r n a l ,  1986) .  I n  1985 about 9 ,470,000 h e c t a r e s  were i r r i g a t e d  

wi th  s p r i n k l e r  systems,  and about 625,000 h e c t a r e s  were i r r i g a t e d  wi th  d r i p  

( I r r i g a t i o n  J o u r n a l ,  1986). The d i f f u s i o n  of t h e s e  i r r i g a t i o n  t echno log ie s  i s  

f a r  from over .  They are c o n s t a n t l y  being improved and a d j u s t e d  t o  use i n  a 

myriad of environments.  Moreover, many times p o l i c i e s  t o  encourage t h e i r  u se  

are consedered as means t o  conserve water or energy. However, i n  s p i t e  of t h e i r  

wide use ,  t h e r e  is  a s i g n i f i c a n t  u n c e r t a i n l y  and controversy r ega rd ing  t h e  exact 

m e r i t s  of t h e s e  t echno log ie s  and t h e i r  a p p r o p r i a t e  use (Caswell. 1982) .  

5 COST OF I R R I G A T I O N  SYSTEMS 

I n  t h i s  s e c t i o n ,  a t t e n t i o n  i s  focused on t h e  c o s t s  a s s o c i a t e d  wi th  a l t e r n a -  

t i v e  groundwater i r r i g a t i o n  systems. O f  primary concern i n  t h e s e  d i s c u s s i o n s  

a r e  a l t e r n a t i v e s  r e l a t e d  t o  t h e  cho ice  of pumps and pump d r i v e s ,  and water 
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a p p l i c a t i o n  systems. Thus, i n  t h i s  s e c t i o n  we focus on t h e  economic dimensions 

o f  the system components discussed i n  agroeconomic and hydrologic  terms above. 

For  expos i to ry  purposes ,  our  d i scuss ions  of system c o s t s  a r e  based on an 

assumed 400 hec ta re  f i e l d  with water supp l i ed  by a w e l l  having a 30 meter 

pumping l i f t .  I n  t h e  case  of  c e n t e r  p i v o t  s p r i n k l e r s ,  a 320 h e c t a r e  f i e l d  is 

assumed and, f o r  c e n t e r  p i v o t s  with co rne r ing  systems, i t  is assumed t h a t  380 

h e c t a r e s  of a 400 h e c t a r e s  f i e l d  i s  i r r i g a t e d .  We assume a medium t e x t u r e d  

s o i l ,  with s i x  t o  e i g h t  i r r i g a t i o n s  p e r  hec ta re  and a maximum of 15 cm of water  

app l i ed  per  i r r i g a t i o n .  

For the purpose of c a l c u l a t i n g  d e p r e c i a t i o n ,  t h e  fo l lowing ,  normally 

accepted yea r s  of l i f e  a r e  used. 

Years of  l i f e  

Wells 
Pumps 
P i p e l i n e  
Movable s p r i n k l e r s  
Permanent s p r i n k l e r s  
Hose drag 
Drip systems 
Aluminum tubing 
S t e e l  p i p e ,  1 4  gauge, dipped, buried 
S t e e l  p ipe ,  12 gauge, dipped,  buried 
S t e e l  p i p e ,  dipped, s u r f a c e  use 
S t e e l  p i p e ,  galvanized,  s u r f a c e  use 
Asbestos-cement pipe 
P l a s t i c  pipe 
Concrete pipe 
E l e c t r i c  motors 
Pumps ( 50,000 hours  ) 
S p r i n k l e r  heads - metal 

Hose 
Emi t t e r  s 
Spr ink le r  pipe - permanent 

- p l a s t i c  

- movable 

I n t e r e s t  is  c a l c u l a t e d  a t  8% on t h e  

20-30 
20 
20 
10 
20 

8 
10 
10 
8 

15 
10 
15 
25 
25 
20 

15-20 
10-20 

7-8 
5 

10 
10 
10 
5 

average va lue .  Taxes and o t h e r  

overhead a r e  c a l c u l a t e d  a t  2% of  the  o r i g i n a l  c o s t .  Labor is  cos t ed  a t  $6.00 

pe r  hour,  which inc ludes  f r i n g e  b e n e f i t s .  Energy charges are based on those  

p re sen ted  i n  Table 1 f o r  1985. Repairs  are es t ima ted  a t  so much p e r  volume of  

water o r  a t  a percent  of t he  o r i g i n a l  c o s t ,  depending on our b e s t  sou rces  of 

information.  
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I n  what fo l lows ,  we begin i n  p a r t  A w i th  a c o n s i d e r a t i o n  of i n i t i a l ,  

c a p i t a l  inves tment  c o s t s  a s s o c i a t e d  wi th  a l t e r n a t i v e  t y p e s  of pumping p l a n t s ,  as  

r e f l e c t e d  by f u e l  sou rces ,  and wi th  a l t e r n a t i v e  wa te r  a p p l i c a t i o n  sys tems.  I n  

p a r t  B ou r  a n a l y s i s  is  expanded t o  i n c l u d e  total c o s t s  - f i x e d  p l u s  o p e r a t i n g  

c o s t s  - as t hey  re la te  to  t r a d e o f f s  i nvo lved  p r i m a r i l y  i n  cho ices  between t o t a l  

systems for groundwater e x p l o i t a t i o n ,  as such  systems r e f l e c t  wa te r  a p p l i c a t i o n  

t echno log ie s  used. 

A .  Investment And Overhead Cos ts  For A l t e r n a t i v e  Power And Water Applica- 

t i o n  Systems. Investment c o s t s  for  t h e  v a r i o u s  t y p e s  of groundwater i r r i g a t i o n  

systems were de r ived  from a v a r i e t y  of s o u r c e s  ( G i l l e y  and S u p a l l a ,  1983; 

Hawthorn, 1980; Reed, e t  a l . ,  no d a t e ;  and S u l l i v a n  and L ibb in ,  1986) .  E l e c t r i c  

pumping p l a n t s  can be a b i t  more expens ive  than  i n t e r n a l  combustion eng ines  

which, i n  t u r n ,  are c u r r e n t l y  s l i g h t l y  more expens ive  than  pumps which u s e  

n a t u r a l  o r  LP g a s .  I n  terms of combustion eng ines ,  t h o s e  us ing  g a s o l i n e  are 

t y p i c a l l y  l e s s  expensive than  d i e s e l  eng ines .  Cost d i f f e r e n c e s  between t h e  

pumps (as  c o n t r a s t e d  wi th  expec ted  p r i c e  d i f f e r e n c e s  between f u e l  c o s t s )  are 

u s u a l l y  no t  s u f f i c i e n t l y  g r e a t  t o  be a primary de termining  f a c t o r  i n  pump 

s e l e c t i o n ,  however, and t h e i r  r e l a t i v e  p r i c e s  va ry  cons ide rab ly  ove r  t ime. 

Thus,  f o r  ou r  purposes  a l l  pumps p e r  s e  a r e  c o s t e d  a t  a c o n s t a n t  p r i c e  of 

$6lO/hec tare .  Well development c o s t s  would a l s o  be i n v a r i a n t  a c r o s s  pump/fuel 

t y p e s ,  and a r e  cos t ed  at  $452/hec tare .  

Major v a r i a t i o n s  i n  c a p i t a l  inves tment  c o s t s  a r e  then  a t t r i b u t a b l e  t o  o n e ' s  

choice  of a water  d i s t r i b u t i o n  system. Refe r r ing  t o  Table  2 ,  inves tment  c o s t s  

p e r  h e c t a r e  are shown t o  be lowes t  for  furrow i r r i g a t i o n  a t  $1242 whi l e  t h e  p e r  

h e c t a r e  inves tment  c o s t s  f o r  permanent s e t  s p r i n k l e r  are $6036 p e r  h e c t a r e  

( t a b l e  2 ) .  The l a r g e  q u a n t i t y  of aluminum pipe  and s p r i n k l e r  heads  account  f o r  

ove r  80% of t h e  inves tment  c o s t s  i n  permanent se t  s p r i n k l e r s .  Drip i r r i g a t i o n  

has  t h e  second h i g h e s t  inves tment  c o s t s  at  $4430 p e r  h e c t a r e .  A d r i p  system 

accounts  fo r  over  80% of a f a rm ' s  t o t a l  inves tment  c o s t s .  Cen te r  p i v o t  s p r i n -  

k l e r  has t h e  t h i r d  h ighes t  pe r  h e c t a r e  inves tment  c o s t s  a t  $2828, fo l lowed 

c l o s e l y  by f lood  i r r i g a t i o n  a t  $2826, hose drag  a t  $2690, and c e n t e r  p i v o t  
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s p r i n k l e r  with corner  system a t  $2619. I n  terms o f  s p r i n k l e r  systems, hand move 

and wheel l i n e  systems a r e  the  l e a s t  expensive and, as no ted  above, have the  

advantage of u t i l i z e  l a r g e r  p ropor t ions  of  a v a i l a b l e  land than  i s  the  case with 

o t h e r  s p r i n k l e r  systems. 

Looking next  t o  overhead c o s t s  (Table  21, overhead c o s t s  p e r  h e c t a r e  a r e ,  

as one would expect ,  c l o s e l y  c o r r e l a t e d  t o  the  investment c o s t s .  Overhead c o s t s  

c o n s i s t  of dep rec i a t ion ,  i n t e r e s t  on investment ,  t a x e s ,  and miscel laneous c o s t s .  

Furrow i r r i g a t i o n  i s  shown t o  have the  lowest overhead c o s t s  ($132 p e r  h e c t a r e )  

while d r i p  i r r i g a t i o n  i n c u r s  t h e  h ighes t  overhead c o s t s  ($670 p e r  h e c t a r e ) .  

These d i f f e r e n c e s  are p r imar i ly  a t t r i b u t a b l e  t o  t h e  s h o r t e r  l i f e  of  d r i p  systems 

compared t o  o t h e r  systems. O f  cou r se ,  a l l  s p r i n k l e r  systems have h ighe r  

overhead c o s t s  than f lood  o r  furrow systems r e f l e c t i n g ,  a g a i n ,  d i f f e r e n c e s  i n  

dep rec i a t ion  r a t e s  f o r  t he  two c l a s s e s  o f  systems. Re fe r r ing  t o  s p r i n k l e r  

systems as a group, a wheel l i n e  s p r i n k l e r  system has an investment c o s t  of  

$2352 and deprec i a t ion  c o s t s  of $183 while c e n t e r  p i v o t  s p r i n k l e r  systems have 

investment c o s t s  of  $2828 and deprec i a t ion  of  $173, but  t h e  h ighe r  i n t e r e s t  

charges  and t axes  on the  c e n t e r  p i v o t  s p r i n k l e r  more than o f f s e t  t h e  reduced 

deprec i a t ion .  

Table 2. h m n  of invesbmt and overhead costa for altemative wter ml ica t ion .  
values in $/hectare/year. 

Center  pi- 
vot with kheel Pemment 

Center comer line M n o v e s e t  rn 
F l d  Fbm pivot system sprinkler W e r  sprinkler drag Grip 

Investmmt 
Grading w 
well 452 ‘152 452 452 452 452 452 452 452 
purp 338 338 588 538 610 610 610 610 361 
Leveling 452 
Pipeline and valves 1132 
sprinkler 12M 1470 1290 1018 4974 1628 
Drip system 3617 
Other musued land 568 log 

Total 2826 1242 2828 2619 2352 2080 60% 2690 4430 

Depreciation 96 40 173 200 183 1% 301 257 403 

Taxes, etc 77 25 67 54 47 42 121 54 8!3 

Overhead per hectare 

Interest 148 67 173 116 94 242 lOg 178 

Total Overhead 301 132 413 7 0  324 282 664 420 670 
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B. Total Costs For Alternative Groundwater Use Systems. Data concerning 

total system costs f o r  groundwater exploitation systems with alternative water 

application systems are given f o r  pumps using electricity, natural gas, diesel, 

LP gas, and gasoline as fuel sources. See Tables 3-7 and Figures 1-5 located 

at the end of the paper. For each fuel source, costs are shown to vary by 

techniques used f o r  water application. 

The general pattern of costs as they vary by water application technique 

are essentially the same f o r  each fuel source - all costs are higher for  the 

gasoline option given the higher price of gasoline - in which case they will be 

reviewed for only the case where electricity is used as a fuel source. 

Total operating costs for  farms which use electricity as a fuel source vary 

from $277 per hectare where flood irrigation techniques are used for water 

application to $674 in cases where furrow irrigation techniques are used (table 

3 and figure 1). Furrow irrigation systems are most expensive in terms of  

operating costs due, primarily to the large expenditures required f o r  land 

preparation ($272 per hectare) and high labor costs ($267 per hectare). The 

hose drag system has the second highest operating costs at $561 per hectare 

reflecting high labor costs, pressurization requirements similar to sprinkler 

which then implies relatively high fuel costs, and relatively high repair costs. 

Third in the ranking of operating costs is the hand move sprinkler systems 

followed by permanent set sprinkler systems at $452 per hectare, drip and wheel 

line at $398 and $412, respectively. The lowest cost sprinkler system is the 

center pivot system. The total per hectare costs of pumping irrigation water 

using electricity as a source of fuel varied from a low of $579 (flood irriga- 

tion) to a high of $1116 per hectare f o r  permanent set sprinkler systems; drip 

irrigation systems, with total costs of $1067 per acre, have the second highest 

total costs (table 3). Referring to figures 1-5 ,  the essentially bi-modal 

distribution of system costs across water application techniques is of particu- 

lar interest. Permanent set sprinkler systems, and the drip system are "high 

cost" systems, the hose drag system has intermediate costs, and all other 

systems are effectively "low cost" on a per hectare basis. It is then appro- 
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Table 3. 
as a s o m e  of pwer. Values i n  $/hectarehear. 

Smmty of costs for various mthods for gmunhter irrigation using 5ECIFUCI"Y 

center p i  
vot with weel Pemment 

Center corner line I f a n d m e s e t  &se 
F l d  pivot system sprinkler sp?Zinkhr sprinkler dr8g Drip 

T i m s  irrigated 6 

kter Applied (meters) l,O7 

hvestmnt per hectare 2,826 

Overhead per kc ta re  
Depreciation 96 
Interest 148 
Taxes, etc 57 

TotalOverhead 301 

Operating Costs per hectare 
Irrigation Prepamtion 45 
Labor 89 
Fuel 128 
Repairs 15 

TotalCprating 277 

8 8 8 8 8 -  

0,91 0,91 0.91 0,91 0,91 0,60 

2,618 2,351 2,080 6,034 2,690 4,429 

200 183 156 301 257 403 
116 94 

371 324 2a2 664 420 669 

& 242 103 178 
9 4? 42 121 54 @ 

15 119 237 59 237 119 
235 237 3 7  237 237 131 
64 57 47 1% 86 148 

314 412 521 452 561 398 

634 736 803 1,116 9 1  1,067 

p r i a t e  t o  i n q u i r e  as t o  t h e  r e l a t i v e  " b e n e f i t s "  a t t r i b u t a b l e  t o  t h e s e  sys tems 

which a r e  r e l e v a n t  f o r  o n e ' s  choice  o f  a system - i . e . ,  what a r e  t h e  a t t r i b u t e s  

of t h e  "high cos t "  systems which might j u s t i f y  t h e i r  s e l e c t i o n ? .  S e t t i n g  a s i d e  

agronomic and land  c h a r a c t e r i s t i c s  which could  ve ry  w e l l  d i c t a t e  t h e  p r e f e r a b i -  

l i t y  of one system ove r  ano the r  ( p a r t i c u l a r l y  between s p r i n k l e r  sys tems and 

between s p r i n k l e r  ve r sus  f lood  or  furrow sys t ems) ,  t h e  primary d i f f e r e n c e s  

between t h e  systems a r e ,  f i r s t ,  water  use  and, secondly ,  t h e  use  o f  l a b o r .  The 

"high c o s t "  d r i p  system, of cour se ,  u ses  t h e  l e a s t  amount o f  water and is  

t h e r e f o r  "worth" i t s  h ighe r  c o s t  i n  a r e a s  where water conse rva t ion  is  a c r i t i c a l  

c o n s i d e r a t i o n ;  r e l a t i v e l y  low l a b o r  c o s t s  a l s o  c h a r a c t e r i z e  t h e  sys tem,  an 

impor tan t  cons ide ra t ion  i n  a r e a s  wher l a b o r  c o s t s  are h igh  - much l e s s  impor- 

t a n t ,  of cour se ,  i n  a r e a s  wi th  excess  l a b o r  s u p p l i e s .  S p r i n k l e r  sys tems 

w i l l  a l s o  y i e l d  water  conse rva t ion  "bene f i t s "  ( r e l a t i v e  t o  f lood  and furrow 

t echn iques )  and, for  t h e  c e n t e r  p i v o t  sys tems,  d r a m a t i c a l l y  reduce  l a b o r  c o s t s .  

I n  a p p l i c a t i o n s  c h a r a c t e r i z e d  by h igh  unemployment, t h e  more c a p i t a l  i n t e n s i v e  

methods may be d i f f i c u l t  t o  j u s t i f y ,  making f lood  and furrow t echn iques  

p r e f e r a b l e ,  so  long  as l i m i t e d  water  s u p p l i e s  are n o t  a c r i t i c a l  c o n s i d e r a t i o n .  

With unemployment and l i m i t e d  groundwater s u p p l i e s ,  r e s u l t i n g  t r a d e o f f s  between 

water - labor  sav ing  s p r i n k l e r  t echn iques  and labor-water  i n t e n s i v e  f lood  and 

furrow techniques  a r e  then obvious.  
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Data in Tables 3-7 are summarized in Table 8 at the end of the text. These 

data allow for an examination of system costs across fuel types used for  pumps 
as well as across water application systems. From these data one sees that the 

total cost for operating selective irrigation systems was the highest for 

gasoline and lowest f o r  electricity. Natural gas provided the second lowest 

total cost of the five fuels evaluated, diesel fuel third, and LP gas fourth. 

Flood irrigation provided the least cost method of irrigation across all 

fuel types varying from $578 per hectare f o r  electricity to $770 per hectare for 
gasoline. Permanent set sprinler systems were the most expensive irrigation 

method across all f u e l  types varying from $1117 per hectare to $1470 per hectare 

f o r  gasoline. Drip irrigation had the second highest total costs due to the 

high cost of gasoline. Hose drag had the third highest total costs for  all 

fuels except gasoline. 

The center pivot sprinkler irrigation systems had the second and third 

lowest total costs f o r  all fuels except gasoline, where the furrow irrigation 

system had the second lowest total costs because of the high costs of fuels. 

The sprinkler systems required additional fuel to pressurize the system and with 

the high cost of gasoline, it pushed the costs of fuel to $590 per hectare. 
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Table 4. %mry of costs for Various ~thods for gmunbter irrigation using Ml'LiR4L (Y.5 
as f ie l .  Vdws in  $/hectare/year. 

Center p i  
vot with WEel permanent 

Center comer 
Flood Fumw pivot system 

Times irrigated 6 6 8  8 

Water Applied ( ~ t e r s )  l,W l,V O,gl O,gl 

Invesbmnt per ha 2,026 1,242 2,828 2,618 

Overhead per hectare 
Depreciation 96 40 173 200 
Interest 148 67 173 116 
Taxes, etc 57 25 67 54 

Total Cberhead 3001 131 412 371 

Operating Costs per ha 
b i g a t i o n  Freparaticn 45 272 
Labr 89 267 15 15 
Fuel 141 259 259 259 
Repairs 15 7 5 4 6 4  

TotalCperating 3 0  805 3 3  338 

?OTAL CQSrs PER mfw 591 936 741 709 

2500 

2000 

1500 

L. 

Line W m v e s e t  bse 
spinkler qrinklm sprinkler drag Drip 

8 8 8 8 -  

0,9l 0,9l 0,91 0,9l 0,61 

2,351 2,m 6,034 2,690 4,429 

119 237 59 237 119 
259 259 259 259 146 
57 47 156 86 148 

435 543 474 583 412 

FI Fur CP CPtCSWLS HM PS HD Drip 

Irrigation System Type 

Operating costs 

gE38 Overhead 

Fur = Furrow 
CP - Center Pivot 
CP+CS = Center Pivot w 

Corner System 
WLS - Wheel Line Sprinkler 
HM = Hond Move 
PS = Permanent Set 
HD - Hose Drag 

' FIGURE 1 .  Cost of pumping i r r i g a t i o n  water us ing  e l e c t r i c i t y  by 
type of i r r i g a t i o n  system. 
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Table 5. Sdnnwy of costs for various methods for pundwater irrigation using DIESEZ Rm, 
as fk1. V d u e s  in $/hecm/year.  

Center pi 
vot with 

Center comer 
F l d  Ikmm pivot system 

Tink?s irrigated 6 6 8  8 

Water &lied (meters) l , W  l,U/ 0,gl O,gl 

Investmnt per ha 2,826 1,242 2,828 2,618 

Overhead per h e c m  
Depreciation 96 
Interest 148 
Taxes, etc 57 

TotalCWe&ad 301 

Wra t ing  Costs per ha 
Irrigaticn Preparation 45 
Labor 89 
Fkl 168 
Repairs 15 

Total m t i n g  317 

? D T A L m m S P E T l ~ ~  618 

40 173 
67 173 
S 67 

131 412 

272 
267 15 
168 311 

7 5 4  

714 W 

845 793 

b l  P e m e n t  
Line H a n d m e s e t  Hxe 
sprinkler sprinkler sprinkler drag Drip 

2500 

2000 

1500 
CI 

a, 
h 
\ 

d 
c, 
v 

1000 

5 500 
(A 

FI Fur CP CP+CS WLS HM PS HD Drip 

Irrigation System Type 

8 8 8 -  

0,9l 0,9l 0,9l 0,61 

2,080 6,034 2,690 4,429 

156 301 257 403 
84 242 lOg 178 
42 I21 54 89 

282 664 420 669 

237 59 237 119 
311 311 311 173 
47 1% 86 148 

595 526 635 440 

Operating costs 

Overhead 

FI = Flood 
Fur = Furrow 
CP = Center Pivot 
CPcCS = Center Pivot w 

Corner System 
WLS = Wheel Line Sprinkler 
HM - Hand Move 
PS = Permanent Set 
HD = Hose Drag 

FIGURE 2. Cost of pumping i r r i g a t i o n  wa te r  u s ing  Na tu ra l  G a s  
by type  of i r r i g a t i o n  system. 
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Table 6. Smmry of per hectare costs for various n-ethods for gmunciwater irrigatim us- 
LP CAS as h l .  values in $/hectare/year. 

Center p i  
W l  Permrent vot with 

Center corner 
Flood F h x w  pivot system 

Tirres irrigated 6 6 8  8 

Water Applied h t e r s )  l ,U( l , W  0,91 0,9l 

Investrrent per ha 2,826 1,242 2,828 2,618 

Overhead per kctare  
Lepreciatim 96 40 173 
Interest 148 67 173 116 
Taxes, etc 57 25 67 54 

Total Overhead 331 131 412 371 

Operating Costs per ha 
Irrigation Freparatim 45 272 
Lahx 89 z7 15 15 
Fuel 203 203 3'3 3'5 
Repairs 15 7 5 4 6 4  

Total Operating $1 748 442 454 

Line H a n d m e s e t  k 
sprinkler sprinkler sprinkler drag Grip 

8 8 8 8 -  

0,9l 0,9l 0,91 O,9l 0,61 

2,351 2,080 6,034 2,690 4,429 

119 237 59 237 119 
375 m 375 375 m 
57 47 1% 86 148 

551 659 590 699 474 

874 941 1,255 1,119 1,144 

i m  Operating Costs 

1 Overhead 

FI - Flood 
Fur = Furrow 
CP = Center Pivot 
CP+CS = Center Pivot w 

Corner System 
WLS = Wheel Line Sprinkler 
HM = Hand Move 
PS - Permonenl Set 
HD = Hose Drag 
Drip 17 = Drip Irrigation 

FI Fur CP CPtCSWLS HM PS HD Drip 

lrrigotion System Type 

FIGURE 3 . C o s t  o f  pumping i r r i g a t i o n  w a t e r  us ing  Diesel 
Fuel by type o f  i r r i g a t i o n  system. 
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'Ihble 7. Sunnary of costs for various mt- for gmundwater irrigaticm using 
CAgXINE as fuel. values in $/hectare/year. 

center p i  
vot w i t h  

Center comer 
Flood Furrow pivot system 

T h s  irrigated 6 6 8  8 

Water Applied (meters) 1,W 1,q 0,91 0,gl 

Invesmnt per ha 2,826 1,242 2,828 2,618 

Overhead per hectare 
Depreciation 96 
Interest 148 
Taxes, etc 57 

Totalherhead 301 

operating Costs per ha 
I r r iga t im Preparatim 45 
Labr 89 
Fuel 321 
Repairs 15 

Total @rating 470 

40 173 200 
67 173 116 
S 67 54 

131 412 3 1  

98 1.072 1,040 

Wl Penranent 
line h d m v e  set bse 
sprinkler sprinkler sprinkler drag h i p  

. 2500 

2000 

G 

>r .-. 
a, 

; 1500 

$ 1000 
CJ 
m 

Az 
\ 
69 

500 

FI Fur CP CP+CS WLS HM PS HD Drip 

Irrigation System Type 

8 8 8 -  

0.91 0,9l 0,91 0,61 

2,080 6,034 2,693 4,429 

156 301 257 403 
84 242 lOg 178 
42 121 54 89 

282 664 420 669 

237 59 237 119 
593 590 590 326 
Q7 1% 86 148 

@4 805 914 593 

Operating costs 

Overhead 

Fur = Furraw 
CP = Center Pivot 
CP+CS = Center Pivol w 

Corner System 
WLS = Wheel Cine Sprinkler 
HM = Hand Move 
PS = Permanent Set 
HD = Hose Drag 
Drip = Drip Irrigation 

FIGURE 4. Cost of  pumping i r r i g a t i o n  water  u s ing  LP Gas by type  
of i r r i g a t i o n  system. 
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Table 8. Surrmary of costs for various mthods for pundwalm irrigatim system by source 
h e l .  vdws in $/hecta~/year. 

Center p& 
. h l  vot with 

Center wmr 
Flood Fhw pivot system 

Tirres irrigated 6 6 8  8 

Investment per l-!a 2,826 1,242 2,828 2,618 

Total Cverhead 301 131 412 31 

ELEIXUCITY 
Operating Costs per ha 
Labr 89 267 15 15 
Fuel 128 128 235 235 
Other operating costs 59 279 9 64 

Total w r a t i n g  674 304 314 

?uTALcosIsPERHA 578 805 716 634 

2500 

2000 

CI 

h 
\ 

0)  

1500 

$ 1000 
V 
0)  
G 
\ 
e3 

500 

8 

2,351 

324 

119 
237 
57 

412 

736 

u 9  
259 
57 

435 

758 

8 8 

2,080 6,034 

2 8 2 6 4  

237 59 
237 237 
47 1% 

521 452 

803 1,116 

237 59 
259 259 
47 1% 

543 474 

825 1,139 

8 -  

2,690 4,429 

420 669 

237 119 
237 41 
86 148 

561 398 

!%I 1,067 

237 119 
259 146 
86 148 

9 3  412 

L a 3  1,082 

Operating Costs 

Overhead 

fl = Flooa 
Fur = Furrow 
CP = Center Pivot 
CP+CS = Center Pivot w 

Corner System 
WLS = Wheel Line Sprinkler 
HM = Hand Move 
PS = Permanent Set 
HD = Hose Drog 

FI Fur CP CP+CSWLS HM PS HD Drip 

Irrigation System Type 

FIGUIlE 5.  Cost of pumping i r r i g a t i o n  water us ing  g a s o l i n e  by type  
of i r r i g a t i o n  system. 


