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DEFINITION OF TERMS 

Acre-foot .  An a c r e - f o o t  i s  the volume obtained by cover ing  a 

s u r f a c e  a r e a  of one a c r e  to  a depth of one foot. It  i s  a l s o  equal  to  

43, 560 cubic fee t .  

I r r iga t ion  Requirement .  The i r r i g a t i o n  r e q u i r e m e n t  of a  c r o p  

i s  the m a x i m u m  amount  of wa te r  tha t  the c r o p  can  beneficial ly u s e  e x -  

cluding ra infa l l .  

I r r iga t ion  Efficiency.  The p e r c e n t  i r r i g a t i o n  eff iciency i s  

de te rmined  by dividing the i r r i g a t i o n  r e q u i r e m e n t  by the amount of 

wa te r  applied to the  c r o p  f ield.  

Var iable  Cos t .  A va r iab le  c o s t  i t em i s  one whose c o s t  does  

not  continue if the equipment  i s  not in opera t ion.  

F ixed  Cost .  A fixed c o s t  iten] i s  one whose c o s t  continues -- 

even if the equipment  i s  not in opera t ion.  

Net R e t u r n s .  Net r e t u r n s  a s  used h e r e  i s  def ined a s  the r e -  - 
t u r n s  a f t e r  a l l  production c o s t s  except  w a t e r  and management  have 

been accounted f o r .  

Economic  Maximum Lift .  The economic  m a x i m u m  lift  i s  the 

l eve l  of l i f t  w h e r e  the to ta l  net r e t u r n s  a r e  used to  pay fo r  i r r iga t ion  

w a t e r .  



ABSTRACT 

Twenty-two f a r m e r s  in the Oakley F a n  a r e a  of Southern Idaho 

were  interviewed in 1966 and 1967 to  de te rmine  information about the 

p resen t  i r r iga t ion  prac t ices  and cos t s  of wate r  in the a r e a .  All f a r m s  

were  i r r iga ted  by gravi ty  methods and received wate r  f rom deep  wel ls .  

Interviews with bus inesses  in  the a r e a  yielded cos t  information.  

Guide l ines  a s  to how high i r r iga t ion  wate r  could be economic- 

a l ly  lifted were  developed. Concurrent  r e s e a r c h  by the Depar tment  of 

Agricul tura l  Economics  of the Universi ty of Idaho provided data  on how 

much money would be available t o  pay fo r  wate r .  Two hundred,  400, 

and 600-acre  f a r m s  w e r e  analyzed a t  i r r iga t ion  efficiency leve l s  of 

50, 55, 60, and 65 percent .  The f a r m s  w e r e  analyzed using differing 

numbers  of wells .  

The 200-acre  f a r m  was the mos t  r e s t r i c t i ve  because  pe r  a c r e  

r e tu rns  we re  the lowest  of the f a r m s  analyzed.  Average conditions fo r  

a ZOO-acre f a r m  showed wate r  being del ivered f r o m  one well a t  an i r r i -  

gation efficiency of 55 percent .  The economic maximum lift f o r  th is  

sys tem was  389 feet .  

The economic maximum lift was  679 feet  on a 400-acre  f a r m  

with two wel ls  and an i r r iga t ion  efficiency of 55 percent .  

The economic maximum lift on a 600-acre  f a r m  with t h r ee  wel ls  

and an  i r r iga t ion  efficiency of 55 percent  was  767 feet .  



CHAPTER I 

INTRODUCTION 

Ground water  used fo r  i r r iga t ion  i s  being pumped f r o m  g rea t e r  

and g rea t e r  depths.  Some of the fac tors  that  affect how high wate r  can 

be lifted economically a r e  f a r m  s ize ,  cropping pa t te rns ,  soi l  fer t i l i ty ,  

i r r igat ion sys tem,  and level  of management.  

Demand for i r r iga t ion  wate r  in d r y  a r e a s  of the West is high. 

In some a r e a s  water  is s c a r c e  and expensive to develop. T h e r e  a r e  

a r e a s  in Idaho that have the capacity to  be agr icul tura l ly  productive now 

lying unused for want of wate r .  In re la t ive  t e r m s  i t  i s  not just the land 

alone that  has  g r e a t  value,  but the combination of land and a n  adequate 

water  supply. 

The f i r s t  i r r iga t ion  developments in Idaho obtained wate r  f r o m  

r i v e r s  or r e s e r v o i r s  and used a gravi ty  distr ibution sys tem.  However,  

modern  technology has  lowered c r o p  production cos t s  and made poss i -  

ble l a r g e r ,  m o r e  efficient pumping plants. About 1950 development of 

l a rge  t r a c t s  of land by pr ivate  i n t e r e s t s  began with pumps supplying the 

wa te r .  Since that  t ime about 1 ,000,  000 a c r e s  of land in  southern Idaho 

have been developed with pumped water  (14). Water for these  p ro jec t s  

comes  f r o m  deep  wells ,  r i v e r s ,  and r e s e r v o i r s .  

Pumping wate r  f r o m  subsurface  r e s e r v o i r s  in t roduces  some 

prob lems  that  make management  of them m o r e  difficult than fo r  a s u r -  

face r e s e r v o i r .  An underground r e se rvo i r  is subject  to  withdrawal and 

recharge  a s  is a su r f ace  r e s e r v o i r ,  but the boundaries of a n  underground 

r e s e r v o i r  may  not be dist inct  and the hydraulic cha rac t e r i s t i c s  a r e  

difficult to  de te rmine .  La rge  amounts of water  a r e  diver ted o r  pumped 



a t  single points f r o m  surface r e s e r v o i r s ;  whereas ,  re la t ively  smal l  

amounts of water  a r e  pumped f rom many points in an  underground r e s  - 

e rvo i r .  While each well pumping stat ion m a y  seem to be completely 

independent of o thers ,  i t  i s  not i f  i t  d raws  water  f rom the s a m e  aquifer  

a s  the others .  The wells  in teract  and i f  too much wa te r  i s  pumped 

f rom an  underground r e se rvo i r ,  the wate r  level  of the whole r e s e r v o i r  

will drop.  Because there  a r e  many points of divers ion f r o m  a n  under-  

ground r e se rvo i r ,  c o n t ~ o l  and proper  management of them is ha rde r  

to  es tabl ish  than for  a surface r e s e r v o i r .  

Water r ights  to ground water  in Idaho a r e  based on the approp- 

r iat ive doctrine.  These rights may  be obtained by filing for  a permi t  

to d r i l l  and develop a well with the Idaho State Reclamation Engineer .  

Section 42 -226  of the Idaho Code (1  1) defines the policy of the State of 

Idaho toward development of ground water :  

". . . a n d  while the doctrine of ' f i r s t  in t ime  is f i r s t  in 
r ight '  is recognized,  a reasonable exe rc i s e  of this r ight 
shall  not block full economic development of underground 
water  r e sou rces ,  but e a r l y  appropr ia tors  of underground 
water  shal l  be protected in the maintenance of reasonable 
ground water  pumping levels a s  m a y  be es tabl ished by s ta te  
reclamat ion engineer a s  here in  provided. " 

If an appropria tor  feels  that h is  water  r ights  have been violated 

a s  a r e su l t  of a lowering wate r  table, he may appeal to the State Rec -  

lamation Engineer to close the basin  to future development. If, f o r  

some reason ,  a well c ea se s  to  produce i t s  allotted flow, the water  

r ight may  be t r ans fe r r ed  to another well with no fo rma l  t r ans fe r  i f  the 

wel ls  a r e  located in the s ame  for ty -acre  t r ac t  and i f  the wel ls  both 

d raw  the i r  wate r  f r o m  the s ame  source .  



Statement of the P rob l em 

At the p r e sen t  t ime the wate r  table i s  being lowered in some 

a r e a s  of Idaho. It i s  not known if additional development of wel ls  in 

these  a r e a s  will r e su l t  in water  l eve l s  being lowered beyond a " r e a -  

sonable" depth. In making a decis ion to  open or  c lose  a n  a r e a  to new 

development of ground wa te r ,  one m u s t  be able to define what r e p r e -  

s en t s  "full economic development" and'keasonable pumping levels".  

This  depth will va ry  f r o m  a r e a  to a r e a  and a l so  possibly within 

a r e a s .  What i s  possible for a row c r o p  type of operation may  not be 

possible for  a l ivestock operation.  

Purpose  of the Study 

The purpose of th is  study was to develop guide l ines  for a given 

a r e a  to  help de te rmine  how f a r  wate r  can be lifted economically with 

p r e sen t  fa rming  prac t ices .  It is intended that  the da ta  and r e su l t s  p r e -  

sented h e r e  be used in conjunction with r e s e a r c h  done by the Depar tment  

of Agricul tura l  Economics  a t  the Universi ty of Idaho (15). 



CHAPTER I1 

L1TERATUP.E REVIEW 

During the past  decade t he r e  has been a n  increas ing  amount 

of in te res t  and r e s e a r c h  in the field of wate r  cos t  ana lys i s .  Most of 

th is  work has  been done a t  univers i t ies  of the West.  The i nc r ea sed  

activity probably has been precipitated by the s ca r c i t y  of wa t e r  and the 

s e a r c h  for  ways to be t te r  use  wate r .  The r e su l t s  that  have been pub- 

l ished indicate that  the major i ty  of the r e s e a r c h  has  been concerned 

with just the cu r r en t  wa t e r  cos t s  r a t h e r  than with re la t ing the cos t  of 

wa t e r  to  the amount of money available to  pay f o r  wate r .  

Cos t s  

Rogers  (8) s ta tes  that  wa t e r  development r ep re sen t s  the l a r g e s t  

co s t  of putting d e s e r t  lands into production. The development cos t  will 

v a r y  with wate r  depth,  well  s i z e ,  pump capaci ty ,  power source ,  and 

distr ibution sys tem.  

In some bas ins  pumpage exceeds  no rma l  r echa rge  which has  r e -  

sulted in wate r  l eve l s  dropping. Booher ( 2 )  points out that  until about 

ten  y e a r s  ago increased  eff ic iency in  pumping plants and lower  power 

r a t e s  a t  l e a s t  pa r t ly  compensated fo r  the i nc r ea se  in cos t s  due to  higher 

l i f t s .  However, recent ly  cos t s  f o r  the pump equipment have r i s en ,  

putting an additional cos t  squeeze on the f a r m e r .  

R e s e a r c h e r s  have drawn on interviews with f a r m e r s  and busi -  

n e s s  es tab l i shments ,  such a s  power companies and pump manufactur - 

e r s ,  fo r  information in conducting the i r  work on wate r  cos t s .  

Data collected normal ly  include l if t ,  flow r a t e ,  hou r s  of ope ra -  

t ion,  type of power, and init ial  investment  for  the well  and pump ( 3 ) ,  
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( 4  (9) .  Cole (3) a l s o  includes the  d iamete r  of the pump bowls and the 

number  of the bowls. 

Total co s t s  a r e  commonly broken down into fixed and var iable  

cos t s  fo r  analysis .  Fixed cos t s  may  be defined a s  those  that  continue 

whether o r  not the equipment i s  in use  (4). Fixed cos t s  include d e -  

precia t ion,  i n t e r e s t  on investment,  taxes ,  and insurance  ( I ) ,  (3), (4) .  

The useful life of the well and pumping equipment is an  i t em which g r ea t -  

ly affects fixed cos t s  through depreciat ion.  Dril l ing methods,  quality 

of underground wa te r ,  amount of sediment  pumped, and number  of 

hours  of running t ime  a r e  things that de te rmine  the useful  life of the 

sy s t em (1).  Snyder (5)  s ta tes  that  falling wate r  levels  affect fixed cos t s  

because  a s  pumping l if ts  i nc r ea se  l a r g e r ,  m o r e  expensive equipment 

i s  requ i red  to mainta in  the s a m e  volume of flow. 

Variable o r  operating cos t s  a r e  closely re la ted to  the number of 

hours  of pumping t ime  (1). Variable cos t s  include power o r  fuel, main-  

tenance and r e p a i r s ,  labor  in operation,  oi l ,  and g r e a s e  ( I ) ,  (3), (4) .  

Variable cos t s  a r e  a l s o  affected by falling wate r  l eve l s  because  m o r e  

power is required to pump the same amount of wate r  f rom the deeper  

levels. 

In the study by Epp (4) the investment  on the f a r m s  included in 

the survey  w e r e  made  over  a span of twenty-five y e a r s .  An index was  

p repared  to r e f l ec t  changes in p r i ce s  of the var ious  components s o  a s  

to make the cos t s  used r ep re sen t  the cu r r en t  levels .  

Summary  of Resul ts  

There  have been s eve ra l  different ways of express ing  cos t s  

put forth.  Scott (1)  computed a cos t  pe r  ac re - foo t  of wate r  and a l s o  a 
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cos t  pe r  acre-foot  per  foot of lift. These  computations w e r e  made  fo r  

var iable  fixed and total cos t s .  Cole (3)  computed these  cos t s  and a l so  

determined var iable ,  fixed and total  cost  pe r  hour  of pump operation.  

Because there  a r e  so  many influencing f ac to r s ,  i t  i s  not possible t o  ex- 

p r e s s  the cos t s  in a f o r m  which enables valid compar i son  between 

a r e a s  unless a considerable degree  of s imi la r i ty  ex i s t s  in the condi- 

t ions of the  a r e a s .  In spite of this  some useful re la t ionships  concerning 

cos t s  have been advanced. 

Scott (1)  s ta ted that  even though a shallow lift  co s t s  l e s s  than a 

deep  one,  the cos t  pe r  foot of lift  i s  higher fo r  a shallow lift .  The total  

co s t s  ranged f rom $3. 92 pe r  ac re - foo t  with a 72 foot l if t  to  $12.25 p e r  

ac re - foo t  with a 472 foot lift. 

Total  cos t s  pe r  ac re - foo t  have been found t o  decline a s  hours  

of operation and quantity of wate r  pumped inc rea se s  ( 3 ) .  Pumps  with 

high yields normal ly  have lower  var iab le  and total  co s t s  per  a c r e  -foot 

than do low yield pumps. Cole (3 )  found wide var ia t ions  in the overal l  

eff iciencies of the pumping plants included in his  study. He stated that  

th is  c lea r ly  demons t ra tes  the need fo r  competance in developing wel ls .  

Strangely enough, l i t t le  cor re la t ion  between cos t  and lift  was  found. 

The range of l i f t s  covered was s m a l l  and th is  coupled with the wide v a r -  

iation in pump eff ic iencies  probably explains the lack of cor re la t ion .  

Total  co s t s  ranged f r o m  $3.42 to $16.00 p e r  acre-foot .  The average  

total  cos t  was  $6. 09 pe r  acre-foot.  Lif ts  ranged f r o m  55 to 180 feet .  

The average  was  109 feet .  An average  of 2 . 8  ac r e - f ee t  p e r  a c r e  of 

wate r  was  pumped. 

Severa l  invest igators  have compared  cos t s  f o r  different  types 

of power sou rce s  f o r  the pumping equipment. Scott (1 )  probably ha s  



7 

the mos t  valid comparisons  because he drew his conclusions f r o m  data 

collected on wells  of near ly  identical flows and total  pumpage. He 

found natural  gas  to be the leas t  expensive,  followed by e lectr ic i ty  and 

diesel  fuel. Of course ,  power r a t e s ,  cost  fo r  natural  gas  and cos t  

for d i e se l  fuel a r e  not the s a m e  f rom a r e a  t o  a r e a ,  s o  r e su l t s  might 

be different e l sewhere .  

Long ( 9 )  c a r r i ed  h i s  analysis fu r ther  by computing a regress ion  

equation for variable cos t s  by acre - fee t  of wate r  pumped for  each of 

the ten counties in the study a r e a .  Correla t ion coefficients for  the 

regress ion  equations ranged f rom 0.415 a t  the 0. 10 level  of significance 

to  0.767 a t  the 0.05 level  of significance. He a l so  computed a r e g r e s -  

sion equation f o r  average  total investment p e r  well  by well depth using 

the average total  investments and the well depth of the ten a r e a s  a s  

data points. 

Domenico (7)  s ta ted that volumes of pumped water  may  be 

determined f r o m  the equation: 

Acre-feet  of water  = 
(0. 976)(KWH)(E) 

H 

where  KWH i s  Kilowatt-hours consumed by the pump, E i s  the overal l  

pump efficiency, and H is average pumping lift in feet .  This equation i s  

valid under any conditions. 

Snyder (5)  investigated the effect of increased  pump l i f ts  on 

f a r m  income. The amount of overdraf t  o r  exces s  of pumped water  

over  r e tu rn  to ground water  was determined f r o m  es t ima te s  of pumpage 

and recharge .  The effect  of increased  lift on the net r e tu rns  of the 

var ious  c rops  grown in the a r e a  was calculated.  All c rops  showed pos- 

itive r e tu rns  for l i f ts  up to 450 feet .  
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Snyder ( 5 )  es t imated that replacement  of the pump and motor  

would be neces sa ry  a t  lift  in tervals  of about 100 f t . ,  but assumed that  

the i nc rea se  in fixed cos t s  due to different pumping equipment would be 

negligible. This assumption in effect said that e lec t r ic  motor  costs  

we re  not dependant on horsepower ,  that pump column costs  were  not 

dependant on the length used,  and that  pump bowl cos t s  a r e  not depend- 

an t  on the number of s tages  used. This assumption does  not s e e m  to  

be a good one and ca s t s  doubt on the validity of the quantitative resu l t s  

of Snyder ' s  study. 

Snyder a l so  put forth different a l ternat ives  which could l e s sen  

the amount of withdrawal f r o m  ground water  r e s e r v e s  and cur ta i l  the 

r a t e  a t  which wate r  levels  drop.  A discussion of the effects of the 

possible changes in the cropping sys tem on the total  revenue for  the 

a r e a  was presented.  Snyder a l so  made some comments  on the l ike- 

lihood of these changes occurr ing.  



CHAPTER 111 

THE STUDY AREA 

The a r e a  chosen for  th i s  study i s  located south of the Snake 

River  in the wes t e rn  section of Cas s i a  County. The a r e a ,  commonly 

known a s  the Oakley Fan ,  i s  si tuated in the Goose Creek  drainage and 

i s  spl i t  by Idaho State Highway 2 7  which runs  between Burley and 

Oakley, Idaho. F igure  1 shows the approximate  s ize  and location of 

the a r e a  included in the study. 

Although land around Burley nor th  of the Highline Canal h a s  

been f a rmed  for m o r e  than fif ty y e a r s  with wate r  supplied by the 

Minidoka P ro j ec t  on the Snake River ,  it h a s  been within the l a s t  twenty 

y e a r s  that  development of ground water  for i r r iga t ion  h a s  taken place 

there .  The major  portion of the development h a s  been done within the 

l a s t  ten yea r s .  All of the wate r  used fo r  i r r iga t ion  in the study a r e a  

was  pumped initially f rom deep  wel ls .  

Because the init ial  cos t  of pumping the wate r  is high, exten- 

s ive  r euse  of wa t e r  i s  pract iced in the a r e a .  One technique used by 

some of the f a r m e r s  was  to catch the waste  wate r  f r o m  a field a t  the 

end of the field and r e u s e  i t  a t  a point lower in elevation on the f a r m .  

Other f a r m e r s  employed sump  pumps to lift  wa te r  back to the head of 

the f a r m .  Smal l  ca tchment  ponds a r e  excavated to hold the wate r  until  

i t  is needed. These  ponds a r e  general ly  located a t  the lowest  point on 

the f a r m  s o  that  a l l  of the waste  wate r  m a y  be rec la imed .  This  method 

is m o r e  cost ly  because  i t  r equ i r e s  pumping equipment.  However, un- 

l e s s  a re l i f t  i s  used,  the waste  wate r  f r o m  the lowest  f ields on the f a r m  

will  be los t .  A re l i f t  has  the additional advantage that  a quantity of 



FIGURE 1.  A Map of the Study Area ,  Oakley Fan,  Idaho 
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water  i s  s to red  on the surface.  This could be a valuable a s s e t  i f  the 

deep well pump were to break down for  a shor t  t ime.  

The pumps in this a r e a  a r e  a lmos t  exclusively e lec t r ic  powered 

deep well turbine pumps. Power  se rv ice  i s  supplied by the Idaho Pow- 

e r  Company. 

The type of farming mos t  common to  the a r e a  i s  the row c r o p  

type of operation.  There  a r e  one o r  two cattle-feeding operations and 

a sma l l  number of da i ry  operations.  Organization of f a r m s  in the a r e a  

ranged f r o m  corporation f a r m s  of s eve ra l  thousand a c r e s  down to sma l l  

family-owned and operated f a r m s .  

Wheat, bar ley,  oa t s ,  potatoes, sugar beets ,  alfalfa, and beans  

are the main c rops  produced in the a r ea .  Fie ld  corn ,  sweet corn,  

peas ,  and clover a r e  a l so  grown. A sma l l  amount of i r r iga ted  pas ture  

i s  a l so  kept by mos t  f a r m e r s .  

Soil and Cl imate  

The soil in the Oakley Fan  may be classif ied a s  sandy loam. 

Lit t le variat ion in the texture  of soil  ex i s t s  within the a r e a .  

The elevation a t  Burley i s  about 4200 feet. It  i s  character ized 

by w a r m  days and cool nights. The growing season  runs  f r o m  about 

April  15th to  October 15th (12). However, e a r l y  o r  l a te  f ro s t s  can con- 

s iderably shor ten the length of the growing season.  Sugar bee t s ,  for  

instance,  a r e  somet imes  planted a s  many a s  t h r ee  t imes  because of 

la te  f ro s t s  o r  wind. 

Mean annual precipitat ion a t  Burley is 8 . 6  1 inches with 3 .24 

inches of that coming during the growing season.  



Ground- Water Conditions 

Ground wate r  i s  found in s i l ic ic  volcanic rocks ,  basa l t ,  al luvi-  

u m  beneath the lowland and l imestone in th is  a r e a  (10). The wate r  in 

the al luvium and basal t  occu r s  under wate r - tab le  conditions while the 

s i l ic ic  volcanic rocks  which underl ie the al luvium and basal t  contain 

wate r  under a r t e s i an  conditions. Limestone a l so  contains wate r  under 

a r t e s i an  conditions ; however,  the wate r  p r e s s u r e s  in both the  s i l ic ic  

volcanic rock and l imestone a r e  not great  enough to cause  the  wel ls  to 

flow. Static wate r  levels  range f rom about 300 feet  to  m o r e  than 500 

feet. 

Ground-water recharge  comes  f rom the infi l trat ion of precipi -  

tation in the South Hills  to  the west  and the Albion Range to the e a s t  and 

by percolation of i r r iga t ion  wate r  diverted f r o m  the Snake River  and 

Goose Creek.  Ground wa te r  generally moves  northward toward the 

Snake River .  Natural  d i scharge  of the aquifers  is to aquifers  beneath 

the Snake River  P la in  nor th  of the Snake River  (10). 

Dril l ing and development of wells  has  a l t e r ed  the na tura l  cyclic 

var ia t ions  of wa t e r  levels. P r i o r  to  the t ime  pumping s ta r ted  the levels  

we re  usually a t  a low point in the spr ing,  r o s e  during the s u m m e r  t o  

a peak in October,  and then dropped until the next spr ing.  Pumping 

h a s  modified the cycle  s o  that  peaks occur  in e a r l y  s u m m e r  and lows 

during the la te  s u m m e r  (10). 

This  par t i cu la r  a r e a  ha s  exper ienced some decline in wate r  

levels .  F igu re  2 shows the amount of decline recorded  between 1963 

and 1966. Because wate r  levels  a r e  so  deep,  any i nc r ea se  in depth 

is cause  fo r  concern.  This  a r e a  has  been closed to  fu r the r  ground- 

wate r  development s ince  1962. 



FIGURE 2. A Map of the Oakley Fan ,  Idaho, Showing Changes in the 
Static Water Levels  f r o m  April  1963 to April  1966 



Physical  Charac te r i s t i cs  of I r r igat ion Sys tem 

Both gravity and spr ink le r  i r r igat ion sys t ems  a r e  found in the 

a r e a .  The corporat ion f a r m s  generally use  wheel-rol l  and hand-move 

spr ink le r  l ines .  The major i ty  of the family-type f a r m s  use  gravi ty  

i r r igat ion sys t ems  with siphon tubes.  

The length of t ime  for  wate r  s e t s  va r i e s  f r o m  six  hours  to 

twenty-four hours  on the gravity sys tems .  Twelve hour s e t s  a r e  prob-  

ably the most  common. Most f a r m e r s  use the s ame  length of se t  for  

a l l  c rops  grown. 

The length of i r r igat ion runs  range f rom 660 to  1320 feet. The 

1320-foot length i s  the mos t  common, although the re  were  s eve ra l  p ro -  

duce r s  who indicated that  they were  reorganizing their  f a r m s  to  have 

880-foot runs .  

F a r m e r s  indicated that i f  water  did become s c a r c e  to the point 

that something mus t  be sacr i f iced ,  alfalfa would be the c r o p  that  they 

would give up. 

A two-year average  of 1966 and 1967 on the amount of wa te r  

pumped by f a r m e r s  in the sample  was  3 .06 ac re - f ee t  pe r  a c r e .  This 

figure may o r  may  not be a good indication of the actual  average  amount 

pumped because 1966 was a "wet" yea r  and 1967 a 'Ury" year .  A five- 

yea r  average f rom the Northside Pumping Division of the Minidoka 

P ro j ec t  was 3. 18 ac re - f ee t  per a c r e .  The Northside Pumping Division 

l i es  just a c r o s s  the Snake River  f r o m  Burley.  The conditions and 

cropping pat terns  a r e  s imi la r  to the Oakley F a n  a r e a .  The f igure  of 

3.06 acre - fee t  p e r  a c r e  r ep re sen t s  about 55 percent  i r r igat ion effi- 

ciency. 

There  w e r e  33 wells  on the f a r m s  included in the sample .  The 
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d iamete r  of well  holes  ranged f r o m  12 inches  to 24 inches.  Sizes f r o m  

16 to 20 inches w e r e  m o s t  common. The well  depths ranged f r o m  400 

feet  to 1370 feet  with 670 feet  being the average .  As repor ted by the 

f a r m e r s ,  the depth to wate r  when pumping ranged f r o m  320 feet  to  

m o r e  than 500 feet .  The average  lift  was  375 feet .  Most of the wel ls  

we re  ca sed  f r o m  top to  bottom. Maximum amount of land i r r iga ted  

f r o m  one well  was  420 a c r e s .  Two hundred a c r e s  pe r  wel l  was  the 

mos t  common sys t em.  

Sizes  of e lec t r i c  mo to r s  on the pumps ranged f r o m  100 h o r s e -  

power to 350 horsepower .  Two hundred and 250 horsepower  pumps 

were  the mos t  common. P u m p  yields ranged f r o m  2. 0 cubic feet  per 

second to 6 .2  cubic feet  p e r  second. The average  yield was  about 3 . 5  

cubic f ee t  per  second. The pumps in  the sample  r an  a n  average  of 

2450 hours  per  season  over  the 1966 and 1967 i r r iga t ion  seasons .  



CHAPTER IV 

PRESENTATION AND ANALYSIS O F  DATA 

Sources  of Data 

A l i s t  of approximately fifty owners  and ope ra to r s  fa rming  

in the study a r e a  was  obtained f r o m  the county extension agent a t  

Burley.  F r o m  this  l i s t ,  interviews with twenty-two producers  w e r e  

s e t  up. Of these  twenty-two interviews,  eighteen yielded information 

which was  used in the study. Sixteen of those  eighteen contacts w e r e  

initially made  i n  the s u m m e r  of 1966. Follow-up contacts w e r e  made 

in the s u m m e r  of 1967 and two new contacts w e r e  made .  

Information was obtained f rom each  f a r m  on c r o p  ac r eages ,  

number  of i r r iga t ions  f o r  each  c rop ,  length of run ,  length of wate r  

set t ing,  type of equipment used in the i r r igat ion,  and how the waste 

wate r  was  used.  Information was a l s o  obtained on how much  concrete-  

lined and unlined ditch was  on the f a r m ,  the amount of concrete  pipe 

on the f a r m ,  and the amount of land leveling on the f a r m .  Information 

was obtained on the wel ls  and pumps on the f a r m s  included the age,  

depth and d iamete r  of well ,  depth and s ize  of cas ing,  cos t  of dr i l l ing 

and developing, depth to water  when pumping, pump horsepower ,  

d iamete r  of pump bowls, length of column, annual pump maintenance 

cost ,  and volume of flow. 

Interviews with bus inesses  operating in the a r e a  provided in- 

format ion on the p r i ce s  of  i t ems  which w e r e  included in the cos t s  that  

w e r e  within the scope of the study. The Idaho Power  Company pro-  

vided data on the e lec t r i ca l  demand of the pumps and the kilowatt 

hours  of e lec t r i c i ty  consumed. 
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Data on the number of a c r e s  of the var ious  c rops  included and 

the maximum amount of money available t o  pay for  wate r  were  obtain- 

ed f rom concurrent  r e s e a r c h  being conducted by the Department of 

Agricultural  Economics a t  the University of Idaho ( 15). 

Costs Included 

The cos t s  included in the economic par t  of the analysis  consist  

of a l l  expenses of pumping and delivering water  to the headgate. Those 

cos t s  a r e  composed of depreciation and in t e r e s t  on the well,  e lec t r ic  

motor  and pump, concrete-l ined ditch, concrete pi=, rel if t  pump, 

siphon tubes,  and land leveling. The annual cos t s  of these  i t ems  a r e  

based on a s e r i e s  of uniform annual payments that will r e t i r e  the initial 

expense a t  the end of the useful l ife.  The useful life of these i t ems  for  

purposes of this study i s  presented in Table 1. These values were  s e t  

based on information obtained in interviews with f a r m e r s  and busine s se  s 

in the a r e a .  The annual cos t  a l so  includes maintenance and r epa i r s  on 

the above i t ems ,  plus e lect r ic  power cos t s .  Maintenance i s  annual up- 

keep; whereas ,  r epa i r s  a r e  ma jo r  expenses  not necessar i ly  occurr ing 

annually. Inte rviews with the fa rme r s  and pump manufac ture rs  indi- 

cated that major  r epa i r s  a r e  neces sa ry  on a pump about ten yea r s  a f te r  

installation. The annual cost  of this i tem i s  based on a year ly  payment 

to a sinking fund that  would contain the amount neces sa ry  to make the 

r e p a i r s  a t  the end of ten y e a r s .  

The cos t s ,  with the exception of the well  and pump, were  based 

on the costs  given by the f a r m e r s  interviewed weighted by the number 

of a c r e s  that the f a r m e r  i r r iga ted .  Because lift was  allowed to  vary ,  

i t  was necessary  to synthesize the cos t s  associated with the well  and 



TABLE 1 

Est imated Useful Life of E lements  

Involved in I r r igat ion System 

Item Years  of Useful Life 

Land Leveling 

Well 

Concrete Pipe 

Concrete -lined Ditch 

Siphon Tubes 

Sump Pump 

Elec t r ic  Motor fo r  Pump  

Pump 

Permanent  

25 y e a r s  

20 y e a r s  

15 y e a r s  

5 y e a r s  

20 y e a r s  

25 yea r s  

20 y e a r s  
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pump. The cos t s  fo r  well development were  taken f rom the f a r m e r s '  

r epor t s .  The pump cos t s  we re  taken f r o m  the pr ice  l i s t  of a pump 

manufacturer  with considerable pumping equipment in the a r e a .  

Fixed Cost  I t ems  

Well 

The s tandard charge for  dri l l ing a well  i s  ten to 12 do l la r s  pe r  

foot depending on the d iameter  of the hole. Two well-hole s ized,  20 

inches and 24 inches ,  we re  considered in the study. F o r  the 20-inch 

wells ,  dri l l ing cos t s  we re  s e t  a t  $10. 00 pe r  foot; and fo r  the 24-inch 

wel l s ,  cos t s  were  se t  a t  $12.00 per  foot. The annual cos t s  we re ,  

respectively,  $0.7823 p e r  foot and $0. 9388 pe r  foot. The depth of the 

well  in both c a s e s  was taken a s  the pumping lift plus 100 feet .  

Well Casing 

The cost  f o r  casing is a l so  dependent on the s ize .  The cos t  

f o r  20-inch casing was $5. 20 per  foot. The cost  f o r  24-inch casing was 

$7.00 per  foot. The annual cos t s  w e r e ,  respect ively ,  $0. 3768 per  

foot and $0. 5276 per  foot. It was  assumed that  the well i s  fully cased .  

The cos t s  used w e r e  reported by a supplier  of well  casing.  

Column and Shaft Assembly 

The column and shaft assembly consis t  of a column pipe which 

suspends the pump bowl f rom the head and conducts wate r  f rom the 

bowls to  the discharge head ( see  F igure  3). The l ine  shaft t r ansmi t s  

power f r o m  the d r ive r  to the pump bowl. As pump horsepower i nc rea s -  

e s ,  the s ize  of the line shaft mus t  a l so  be increased.  The line shaft 

i s  supported by bear ings  and may o r  may  not be enclosed in a tube. 



FIGURE 3 .  A Cutaway View of a Deep W e l l  Turb ine  P u m p  

Pumping Water Level 

Suction Pipe 

+ 
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The enclosed type i s  generally lubr icated with oil ,  and the open type i s  

lubr icated by the fluid being pumped. The enclosed type of const ruc  - 

tion i s  considered in th is  analysis .  The cos t  and design data  used 

we re  taken f r o m  a pump catalog and a r e  presented in Table 2 .  The 

amount of column used was taken a s  the pump lift .  

Pump  Bowl Assembly 

The pump bowl a s sembly  i s  the pumping e lement  ( s ee  F igu re  3 ) .  

It cons i s t s  of a ver t i ca l  rotat ing shaft on which a r e  mounted one o r  m o r e  

impel le r s .  As the impel le r s  ro ta te ,  they engage wate r  coming in a t  

the bottom of the bowls. The wate r  i s  forced by centrifugal  action into 

s ta t ionary guide vanes  that  change the di rect ion of the flow f r o m  rad ia l  

to axial .  The to ta l  p r e s s u r e  of a mult istage unit i s  the s u m  of the 

p r e s s u r e s  of the individual s tages .  Table 3 shows the design and cos t  

data  fo r  bowl units used in  this  study. Mechanical  efficiency of the 

bowls was  s e t  a t  80  p e r  cent. The efficiency of the bowls and cos t s  

used we re  taken f r o m  the  pump cha rac t e r i s t i c  curve  and pr ice  l i s t  of 

a pump manufacturer .  

E l ec t r i c  Motor and Control  Equipment 

The d r i v e r  for  the pump i s  a ver t i ca l  hollow-shafted e l ec t r i c  

motor .  Cost  and design data  a r e  presented in Table 4. Adjustment 

in the cos t  of the m o t o r s  was  made for  the increased  t h ru s t  capacity 

n e c e s s a r y  fo r  th i s  application. Horsepower requ i rements  a r e  de t e r -  

mined by the d i scharge  and pump lift .  E l ec t r i c a l  efficiency of the 

motor  was  s e t  a t  90 per  cent. The cos t s  and efficiency w e r e  f r o m  in -  

format ion supplied by a pump dea le r .  



TABLE 2 

Cost  and Design Data for  Column and Shaft Assembly 

Horsepower  Init ial  Cost  Annual Cost  

Up to 150 

Between 150 and 200 

Between 200 and 350 

Between 350 and 500 

Between 500 and 800 

Above 800 

$24.40 pe r  foot 

26.80 l 1  
I  I  

28. 90 " 
I  I  

32.20 I '  I I 

39.30 I '  
I 1  

51.70 l 1  
1 1  

$2. 127 per  foot 

2 .336 l 1  I I 

2 .520 l 1  1 1  

2 .807 " 
1 1  

3 .426 l 1  I I 

4. 507 l 1  
I  I 



TABLE 3  

Cost  and Design Data fo r  P u m p  Bowls 

Range in Flow Lift pe r  Init ial  Cost  Annual Cost  
Stage F i r s t  Each  F i r s t  Each  

Stage Added Stage Added - 

Stage Stage 

2. 65 - 2 . 9 0  cfs  6 3  feet  $ 550 $184 $ 47 .95  $16.04 

2. 90 - 3. 15 " 47 " 550 184 47 .95  16 .04  

3. 15 - 3 . 4 0  ' I  6 1  " 715 240 62 .33  20 .92  

3. 40 - 3. 70 " 65 715 240 6 2 . 3 3  2 0 . 9 2  

3. 70 - 3. 90 " 72 " 770 275 67. 13 2 3 . 9 7  

3. 90 - 4. 15 " 4 1  " 550 184 47. 95 16. 04 

4. 15 - 4 . 2 5  " 75 " 7  15 240 62 .33  2 0 . 9 2  

4. 25 - 4 . 4 5  " 90 I '  869 3  19 75 .76  2 7 . 8 1  

4 .45  - 4 . 7 5  ' I  45 " 550 184 47. 95 16. 04  

4 . 7 5  - 5 . 2 0  " 8 3  " 770 2  7  5  67. 13 2 3 . 9 7  

5 . 2 0  - 5 . 7 0  " 79 " 869 3  19 75 .76  2 7 . 8 1  

5 .70  - 6.  35 " 90 770 275 6 7 . 1 3  23 .97  

6 . 3 5  - 7 . 1 5  " 82 I '  869 319 75 .76  2 7 . 8 1  

7. 15 - 7. 60 " 88  " 869 319 75.76  2 7 . 8 1  

7 . 6 0  - 8 . 2 0  " 124 " 1155 48 4  100.69 42 .20  

8 . 2 0  - 8 . 4 0  " 93 l 1  869 3  19 75 .76  2 7 . 8 1  

8 . 4 0  - 9 . 0 0  " 48 " 770 275 67. 13 23. 97 

9 . 0 0  - 9. 60 I '  112 " 1155 484 100.69 42 .20  

9. 60 - 10. 10 " 57 " 7  7  0  275 67. 13 23 .97  

l o .  10 - l o .  90 79 I f  1012 3 9  6  8 8 . 2 3  34 .52  

10. 90 - 12. 00 " 86 " 1012 3 9  6  8 8 . 2 3  34. 52 
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TABLE 4 

E l e c t r i c  Motor  and Contro l  Equipment  C o s t s  

Range in  Horsepower  Ini t ial  Cos t  Annual Cos t  



Discharge Head, Discharge P ipe ,  and Suction P ipe  

The d i scharge  head,  d ischarge pump, and suction pipe a r e  

e lements  of the pump (see  F igure  3 for  location).  In p rac t ice  the 

cost  of these  i t ems  would change with horsepower  and d i scharge .  How- 

eve r ,  the magnitude of the change with r e spec t  to the other  cos t s  in-  

volved i s  sma l l  enough so  that  these  cos t s  may  be t rea ted  a s  being con- 

stant .  The annual cos t  was  $69.49 pe r  well.  This  cos t  was  determined 

f r o m  a pump catalog.  

Relift Pump  

Lit t le  information could be obtained on the  investment  fo r  r e -  

lift pumps.  However, the initial cos t  was  s e t  a t  $1000. This makes  

the annual cos t  $87. 18 p e r  sump. 

Concrete Pipe  

Concrete  pipe was  generally used to convey wate r  f rom a well 

o r  rel if t  pump to  a point higher in elevation on the f a r m .  The amount 

of concrete  pipe on the f a r m s  will probably r ema in  about the s ame .  

The average  annual cost  for  concre te  pipe was found to  be $0.72 per  

a c r e .  This cos t  was determined f r o m  the amounts of pipe repor ted  

by the f a r m e r s .  S i ze s  ranged f r o m  ten inch to  18 inch. The predom-  

inant s i z e s  w e r e  12 and 14 inch. 

Concrete -Lined Ditch 

F a r m e r s  indicated that  they instal led concrete- l ined ditch a s  

fas t  a s  they we re  financially able.  Reasons  for using th is  type of ditch 

w e r e  m o r e  fo r  labor  savings than cutting wate r  losses .  Average annual 

cos t  f o r  a concrete  ditch was  $0.92 per  a c r e .  This  cos t  was  de te rmined  

f r o m  amounts of concre te  ditch. Sixteen and 18-inch ditches we re  r epo r t -  



ed,  with the 16-inch ditch being the mos t  common.  

Land Leveling 

Because  of varying topography of the a r e a ,  the amount of land 

leveling n e c e s s a r y  t o  develop i r r i ga t ed  agr icu l tu re  was  var iab le .  

Some f a r m e r s  r epo r t ed  no land leveling while o the r s  indicated that  

they had spent  a s  much  a s  $100 pe r  a c r e .  The range in annual  cos t  

was  f r o m  nothing up to  $6. 00 p e r  a c r e .  It w a s  decided to  use  a n  a v e r -  

age  value of $1. 18 per  a c r e .  

Siphon Tubes 

Sizes  of siphon tubes  used var ied  f r o m  one inch t o  s i x  inches .  

The s m a l l  s i z e s  a r e  used on row c rops  and the  l a r g e r  s i z e s  on c rops  

such a s  alfalfa.  Average annual cos t  f o r  siphon tubes  was  $0.25 p e r  

a c r e .  

Variable Cos t  I t ems  

E l ec t r i c  Power  Cos t s  

E l ec t r i c  power s e rv i ce  to  the a r e a  i s  supplied by the Idaho 

Power  Company. E l ec t r i c  power cos t s  a r e  made  up of a n  energy 

charge  which depends on the amount of e lec t r i c i ty  consumed and a 

demand charge  which depends on the horsepower  requ i red  t o  r un  the 

pump. L i s ted  in  Table  5 i s  the  r a t e  schedule used.  Pumps  a r e  bi l led 

on a monthly ba s i s .  A check of ac tual  power bi l l s  r evea led  that the  

f a r m e r s  rece ive  a tax  refund of about 12 p e r  cent  of the i r r iga t ion  pow- 

e r  billing a t  the end of the  season.  A 12 p e r  cent  refund was  allowed 

in computing the power cos t .  

E l e c t r i c  power c o s t s  f o r  the sump  pump will  ac tual ly  be  v a r i -  



TABLE 5 

Monthly E l e c t r i c  P o w e r  C o s t s  

Demand Charge  

$2. 70 p e r  KW for the  f i r s t  t h r e e  KW of demand  

$2. 15 p e r  KW for  the next  seven  KW of demand  

$1. 05 p e r  KW for  a l l  addit ional  KW of demand  

E n e r g y  Charge  

10. 78 m i l l s  p e r  KWH f o r  the  f i r s t  100 KWH p e r  KW of demand 

7. 56 m i l l s  p e r  KWH for the  next 100 KWH p e r  KW of demand 

6. 00 m i l l s  pe r  KWH for  the  next 200 KWH p e r  KW of demand 

3 .  76 m i l l s  p e r  KWH for a l l  addit ional  KWH per  KW of demand 
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able, but for purposes of this study they were t reated a s  being fixed. 

Since the sump pump power cos ts  a r e  smal l  in comparison to the other 

costs ,  this assumption should not introduce e r r o r s  of any magnitude. 

The power cost for  the sump pump was set  a t  $100 per  year  after ex- 

aming power bills of sump pumps on the sample f a r m s .  

Pump Repairs  and Maintenance 

Pump repa i r s  and maintenance a r e  in practice variable costs ;  

but for  purposes of this study they were t reated as  fixed cos ts .  These 

costs  were so t reated because they a r e  small  in comparison to the 

other costs  analyzed. It is  likely that these i tems a r e  variable not 

only with time but a l so  with pump lift. The sample s ize  and range of 

lifts encountered was not la rge  enough to be able to detect this. It was 

decided to use the average annual costs  reported by the f a r m e r s .  These 

values were $0.24 per a c r e  for  r epa i r s  and $0.08 per a c r e  for mainten- 

anc e. 

Irrigation Requirements 

I r r igat ion water requirements  for the c rops  used in the analysis 

a r e  based on consumptive use data f rom the Minidoka Dam weather 

station. These values a r e  presented in Table 6.  Multiplying the 

monthly consumptive use requirements  for each c rop  by the acreage 

of the respective crops gives the total monthly volume of water r e -  

quired by the f a r m .  The assumption i s  made that during the month of 

peak consumptive use,  the pump will run continuously. The running 

t ime during the other  months will be proportional to the volumes of 

water  required.  

The efficiency with which the water i s  applied a l so  affects the 
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amount of wate r  that  m u s t  be  pumped. Computations of wate r  cos t s  

we re  made a t  four  levels  of i r r iga t ion  efficiency. The leve l s  of i rr i-  

gation efficiency w e r e  50, 55, 60, and 65 p e r  cent. The average  irri-  

gation efficiency of the sample  f a r m s  was  about 55 pe r  cent. 

F a r m s  Analyzed 

The f a r m s  analyzed consisted of 200-acre ,  400-acre  and 600- 

a c r e  f a r m s .  The ac reage  of the var ious  c rops  was de te rmined  by use  

of a l inear  p rog ram model  s o  a s  to maximize profit within reasonable  

bounds of good cropping pat terns  and sound conservation prac t ices .  

Things such a s  l abo r  supply and requ i rements  and capital  avail-  

ability and requ i rements  a r e  used  in the l inear  p rog ram.  F o r  a com-  

plete discuss ion of the pr inciples  and methods used in making the com-  

putation to  de te rmine  the c r o p  a c r e a g e s ,  re fe rence  i s  made to the 

unpublished thes i s  of Richard Cheline, - An Economic Approach -- to the 

Agricul tura l  -- Use of Ground Water in the Oakley F a n  Area  of Cas s i a  -- --- 

County, Idaho (15). Cheline r epo r t s  that the c r o p  a c r e a g e s  a s  comput-  

ed by the l inear  p rog ram f o r  the var ious  s i ze s  of f a r m  were  s imi l a r  to  

average a c r e a g e s  of sample  f a r m s  in the a r e a .  The net  r e t u r n s  r epo r t -  

ed  by Cheline include no cos t  f o r  water  and no r e t u r n  t o  management.  

200-Acre F a r m  

The breakdown a s  repor ted  by Cheline (15), of a c r e a g e s  fo r  the 

var ious  c rops  and the max imum amount of money available t o  pay fo r  

water  a r e  shown in Table 7. The monthly hou r s  of pump operation a r e  

shown in Table 16. The amount of water  requ i red  fo r  i r r iga t ion  i s  1.555 

ac r e - f ee t  pe r  a c r e .  F o r  the 50, 55, 60, and 65 per  cent i r r igat ion 

efficiencies,  the amount of flow n e c e s s a r y  i s  2 .79 cubic feet  p e r  second 



TABLE 7  

Net R e t u r n s  f o r  a  2 0 0  A c r e  F a r m ,  Oakley  F a n ,  Idaho 

C r o p  
Net R e t u r n  

P e r  Acre::: 
A c r e s  Net R e t u r n  

P e r  C r o p  

Gra in  $ 4 0 . 2 2  8 0 .  0  $32 1 7 . 6 0  

Po ta toes  7 3 . 5 8  30.  0  2 2 0 7 . 4 0  

Alfalfa - 4 . 9 4  2 0 . 0  - 9 8 . 8 0  

Beans  1 2 . 9 0  3 5 . 3  4 5 5 . 3 7  

Sugar  Bee t s  10.  52 30.  0  3 1 5 . 6 0  

Tota l  $3 1 . 2 2  195 .  3  $6097,  17 

.8, I,- 

Excluding w a t e r  c o s t  and r e t u r n  to  management .  
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3.02 cubic feet  per  second, 3.29 cubic feet  per  second, and 3.62 cubic 

feet  per  second, respectively.  One relif t  pump will handle the waste  

wate r  f r o m  this  f a rm.  The analysis  was done for  one well  20 inches in 

diameter .  

400-Acre F a r m  

The ac reages  (15) fo r  the var ious  c rops  of the 400-acre  f a r m  

and the maximum amount of money available t o  pay for  wate r  a r e  shown 

in Table 8. The monthly hours  of pump operation a r e  shown in Table 

17. The c rops  r equ i r e  1. 556 acre - fee t  of water  per  a c r e  year ly .  The 

50, 55, 60, and 65 per  cent i r r igat ion efficiencies r equ i r e  a flow of 

5.64 cubic feet  per  second, 6 .  10 cubic feet  per  second, 6.66 cubic feet  

pe r  second, and 7.32 cubic feet  per  second, respectively.  Two relif t  

pumps a r e  used on the 400-acre  f a r m .  The 400-acre f a r m  is analyzed 

considering one and two wells .  The diameter  of the single well is 24 

inches, and the diameter  of wells  in the two-well analysis  i s  20 inches.  

The flow i s  considered spli t  between both wells  in the two-well analysis .  

600-Acre F a r m  

The amount of money available to  pay for  water  and the ac reages  

of the var ious  c rops  a r e  shown in Table 9 (15). The hours  of pump 

operation for  the 600-acre  f a r m  a r e  shown in Table 19. The c rops  of 

the 600-acre  f a r m  requi re  1.552 acre - fee t  of wate r  p e r  ac re .  The 

flow requi rements  a r e  8.43 cubic feet  per  second, 9. 12 cubic feet  per  

second, 9.96 cubic feet  per  second, and 10.95 cubic feet  pe r  second, 

respect ively ,  fo r  the 50, 55, 60, and 65 per  cent i r r igat ion efficiencies.  

Two rel i f t  pumps a r e  neces sa ry  to handle the waste  wate r .  Costs  fo r  

one, two and t h r e e  wel ls  a r e  analyzed for  the 600-acre  f a r m .  The 
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Net R e t u r n s  fo r  a 400 A c r e  F a r m ,  Oakley  F a n ,  Idaho 

Net R e t u r n  Net R e t u r n  
C r o p  A c r e s  

P e r  Acre::: P e r  C r o p  
-- 

Gra in  

P o t a t o e s  9 2 . 6 4  

Alfalfa 4.  36 

B e a n s  24 .76  

Sugar  B e e t s  2 4 . 3 3  

To ta l  $50. 16 

- 8 -  'I. 

Exc luding  w a t e r  c o s t  and  r e t u r n  t o  m a n a g e m e n t .  



TABLE 9 

Net R e t u r n s  f o r  a  600 A c r e  F a r m ,  Oakley F a n ,  Idaho 

C r o p  Net R e t u r n  
P e r  Acre:: A c r e s  

Net R e t u r n  
P e r  C r o p  

G r a i n  

P o t a t o e s  

Alfalfa 8.  34 60. 0  500 .40  

Beans  31 .09  60. 0 1, 865. 40 

Sugar  B e e t s  31 .34  60. 0  1 ,880 .40  

T o t a l  $56.27 600 .0  $33 ,761 .00  

.L -4. 

Excluding w a t e r  c o s t  and r e t u r n  t o  management .  



35 

d iamete r  of the wells  in the th ree-wel l  s y s t e m  is 20 inches.  The d iam-  

e t e r s  for  the two-well s y s t e m  and the one-well s y s t e m  a r e  24 inches .  

The flows a r e  spli t  equally among the wel ls  in both the two-well  and 

three-wel l  sys tems .  

Method of Analysis 

F r o m  the discuss ion of cos t s  i t  can be seen  that  t h r ee  i n t e r r e -  

lated var iab les  affect the cos t  of wate r .  They a r e  d i scharge ,  h o r s e -  

power and lift. The re la t ionship  between these  i t ems  i s  given by the 

equation 

where  hp is horsepower  requ i red ,  Q i s  d i scharge  in cubic feet  pe r  

second, L i s  lift  in feet ,  and E is the mechanical  efficiency of the pump. 

The wate r  requ i rements  of the var ious  c r o p s  w e r e  weighted by 

the ac r eage  of the c r o p  to  produce a weighted monthly average i r r i g a -  

tion requirement .  The d i scharge  was computed by assuming  that  the 

pump would run continuously during the month when the i r r iga t ion  r e -  

quirement  was  peak. Since the volume of wate r  and the t ime  in which 

i t  i s  del ivered a r e  known, i t  i s  possible t o  de te rmine  the r a t e  of flow. 

It was  a s sumed  that  the number  of hours  that  the pump r a n  during the 

other months would be  in proportion to the i r r iga t ion  requ i rement  

during those months.  

With the d i scharge  defined, the horsepower  and lift  a r e  de t e r -  

mined by the amount of money to  be used for  water .  In p rac t ice  the  

opposite o c c u r s ;  the cos t  of wate r  is de te rmined  by the lift  which a l s o  

controls  the horsepower .  

The computations of horsepower  and lift  associa ted with a c e r -  



tain cos t  of wa te r  can be done by hand, but i t  i s  a long and tedious 

p roce s s .  A computer  p r o g r a m  to  handle the computations w a s  p r e -  

pared by the Agricul tura l  Stat ist ician a t  the Univers i ty  of Idaho, M r .  

Dale Everson ,  and h i s  staff.  



CHAPTER V 

RESULTS 

Economic Maximum Lift  

As ha s  previously been noted, the r e su l t s  r epo r t ed  by Cheline 

(15) contained no cos t  f o r  wa t e r  and no r e t u r n  t o  management .  The 

management  fac to r  i s  not a physical  input and i s  supplied by the o p e r -  

a to r  of the f a r m  in  th i s  si tuation.  He ha s  the option of spending a s  

much money (up t o  the to ta l  ne t  r e t u r n s )  a s  is r equ i r ed  t o  obtain an  

adequate water  supply o r  quit farming.  It follows then that  the eco-  

nomic maximum pumping lift  o ccu r s  a t  the point when a l l  of the to ta l  

ne t  r e t u r n s  a r e  being applied t o  and providing a n  adequate wa te r  sup-  

ply. 

200-Acre F a r m  

Under p resen t  i r r iga t ion  conditions with i r r iga t ion  efficiency 

a t  about 55 per  cent ,  389 feet  i s  the maximum economic lift .  An in -  

c r e a s e  in efficiency t o  65 per  cent  wil l  i n c r ea se  the economic l imi t  t o  

437 feet. The lift  a s soc ia ted  with ce r t a i n  c o s t s  of wa te r  up to  the max-  

i m u m  available to pay fo r  wa t e r  i s  p resen ted  in Table 10. These r e l a -  

t ionships a r e  shown for  four l eve l s  of i r r iga t ion  efficiency. This 

information is graphically in Graph 1. Also l i s t ed  i s  s i ze  of motor  

which would be requ i red  to provide the wa t e r .  

400-Acre  F a r m  

F o r  the two-well sy s t em which, a s  h a s  been previously noted, 

i s  the m o s t  common on 400-acre  f a r m s  in the a r e a ,  the economic maxi -  

m u m  lift  is 679 feet  a t  55 pe r  cent  i r r iga t ion  efficiency. The economic 



TABLE 10 

Lift and Required Motor Size f o r  Var ied I r r iga t ion  Eff ic iencies  and 
Costs  of Water on the Z O O -  Ac re  F a r m  with One W e l l ,  Oakley F a n ,  Idaho 

I r r iga t ion  Efficiency 

Cos t  
of Wate r  50 P e r  Cent 55 P e r  Cent 60 P e r  Cent 65 P e r  Cent 
P e r  Ac re  

Required Required Required Required 
Lift Motor Lift Motor  Lift  Motor Lift  Motor 

Size Size  Size  Size 

$3 1. 22 366 Fee t  200 hp 389 F e e t  200 hp  412 F e e t  200 hp  437 F e e t  200 h p  

25.00 279 F e e t  150 hp 297 F e e t  150 h p  315 F e e t  150 hp  355 F e e t  150 h p  

20 .00  196 Fee t  150 hp 214 F e e t  100 h p  233 F e e t  100 hp  252 F e e t  100 h p  



GRAPH 1. Cost of Water  Versus  Fee t  of Pump  Lift f o r  a 200-Acre 
F a r m  with One Well in the Oakley Fan ,  Idaho 
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l imi t  i s  inc reased  tc 761 feet  a t  65 per  cent i r r iga t ion  efficiency. The 

r e su l t s  for  the two-well sy s t em a r e  presented in Table 11 and Graph 2. 

Using only one well  cuts  cos t s  s o  that 793 feet of lift i s  the 

economic maximum lift a t  55 pe r  cent i r r iga t ion  efficiency. I nc r ea s -  

ing i r r igat ion efficiency to  65 per  cent  i n c r e a s e s  the economic l imi t  

to  894 feet. Table 12 and Graph 3 contain re la t ionship  between lift and 

cost  of wate r  a t  the var ious  levels  of i r r iga t ion  efficiencies.  

600-Acre F a r m  

The economic maximum lift i s  767 feet  a t  55 per  cent  i r r iga t ion  

efficiency with i r r iga t ion  wate r  being supplied by t h r ee  wel ls .  If i r r i -  

gation efficiency i s  inc reased  to 65 per  cent ,  the economic maximum 

lift i nc r ea se s  to  878 feet .  Table 13 and Graph 4 contain information 

concerning lift and cost  of wate r .  

If two wel ls  a r e  used instead of t h r ee ,  the economic maximum 

lift i s  845 feet  a t  55 per  cent  i r r iga t ion  efficiency.  The economic l imi t  

i s  inc reased  to 945 feet  if i r r iga t ion  efficiency i s  inc reased  to  65 per  

cent .  The re la t ionships  between lift and cos t s  of wate r  a t  the var ious  

i r r iga t ion  eff ic iencies  i s  presented in Table 14 and Graph 5. 

Using only one well  on the 600-acre  f a r m  cuts  the cost  of wate r  

s o  that the economic maximum lift i s  954 feet  a t  55 per  cent  i r r iga t ion  

efficiency.  The economic l imi t  i s  1081 feet  a t  the 65 pe r  cent level  of 

i r r iga t ion  efficiency.  The re la t ionship  between lift and cos t  of water  

f o r  the var ious  i r r iga t ion  eff ic iencies  i s  presented in Table 15. Graph 

6 p resen ts  the information graphically. 
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Lif t  and  R e q u i r e d  Moto r  S ize  f o r  V a r i e d  I r r i g a t i o n  E f f i c i e n c i e s  a n d  
C o s t s  of W a t e r  on the  4 0 0 - A c r e  F a r m  wi th  Two W e l l s ,  Oakley  F a n ,  Idaho 

I r r i g a t i o n  Eff ic iency  

C o s t  
of W a t e r  50 P e r  Cent  55 P e r  C e n t  60 P e r  Cent  65 P e r  Cen t  
P e r  A c r e  

Requ i red  R e q u i r e d  R e q u i r e d  R e q u i r e d  
Lif t  Moto r  Lif t  M o t o r  Li f t  M o t o r  Li f t  Moto r  

S ize  S ize  S ize  Size 

$50.16  638 F e e t  350 h p  679 F e e t  350 hp  719 F e e t  350 h p  761 F e e t  350 h p  

4 5 . 0 0  562 F e e t  300 h p  597 F e e t  300 h p  633 F e e t  300 h p  690 F e e t  300 h p  

4 0 . 0 0  482 F e e t  300 h p  522 F e e t  250 h p  551 F e e t  250 h p  584 F e e t  250 h p  

3 5 . 0 0  409 F e e t  250 hp  435 F e e t  250 h p  462 F e e t  200 h p  500 F e e t  200 h p  

30. 00  347 F e e t  200 hp  369 F e e t  200 h p  392 F e e t  200 h p  415 F e e t  200 h p  

2 5 . 0 0  279 F e e t  150 h p  297 F e e t  150 h p  316 F e e t  150 hp  335 F e e t  150 h p  

2 0 . 0 0  195 F e e t  150 h p  21  1  F e e t  100 h p  231 F e e t  100 h p  250 F e e t  100 h p  



GRAPH 2 .  Cos t  of Water  V e r s u s  F e e t  of P u m p  Lif t  f o r  a  400-Acre  
F a r m  with Two Wells  in  the Oakley F a n ,  Idaho 

FEET OF LIFT 

24,000 

20,000 

I6,OOO 

12,000 

8,000 

4,000 

0 

I I I I I I I I I I 

- 

- - 

- 

- - 

- 

- - 

- 

- - 
Per Cant Irrigation Efficiency 

50% + - 
55% 

- 60% A - 
65% 

- 

1 I I 1 1 I I I I I 

100 300 500 700 900 

~ 6 0  

50 

,40 

30 

20 

10 

0 



T A B L E  12 

Lif t  and  R e q u i r e d  Moto r  S ize  f o r  V a r i e d  I r r i g a t i o n  Ef f i c i enc ie s  a n d  
C o s t s  of Wate r  on the  4 0 0 - A c r e  F a r m  wi th  One Wel l ,  Oakley  F a n ,  Idaho 

I r r i g a t i o n  Ef f i c i ency  

C o s t  
of W a t e r  50 P e r  Cent  55  P e r  Cent  60  P e r  Cent  6 5  P e r  Cen t  
P e r  A c r e  

R e q u i r e d  R e q u i r e d  R e q u i r e d  R e q u i r e d  
Lif t  Moto r  Li f t  Moto r  Lif t  Moto r  Li f t  Moto r  

S ize  S ize  S ize  S ize  

$50. 16 740 F e e t  800  h p  793  F e e t  8 0 0  h p  8 4 9  F e e t  8 0 0  h p  8 9 4  F e e t  8 0 0  h p  

4 5 . 0 0  653  F e e t  700  h p  700  F e e t  700 h p  750  F e e t  700  h p  789  F e e t  700  h p  

4 0 . 0 0  569 F e e t  600 h p  610  F e e t  600  h p  653  F e e t  600  h p  6 8 7  F e e t  6 0 0  h p  

3 5 . 0 0  4 8 1  F e e t  600  h p  529  F e e t  500  h p  5 7 4  F e e t  500  h p  605  F e e t  500  h p  

30. 00 409 F e e t  450  h p  439  F e e t  450  h p  4 7 1  F e e t  4 5 0  h p  500  F e e t  450  h p  

25 .  00  328  F e e t  350  h p  353  F e e t  350  h p  380  F e e t  350  h p  3 9 9  F e e t  350  h p  

2 0 . 0 0  240  F e e t  300  h p  260  F e e t  3 0 0  h p  2 8 0  F e e t  250  h p  296  F e e t  2 5 0  h p  



GRAPH 3 .  Cos t  of Wate r  V e r s u s  F e e t  of Pump Lift f o r  a 400-Acre  
F a r m  with One Well i n  the Oakley Fan ,  Idaho 
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TABLE 13 

Lift and Required Motor Size  fo r  Var ied I r r iga t ion  Eff ic iencies  and 
Cos t s  of Wate r  on the 600-Acre  F a r m  with T h r e e  Wel ls ,  Oakley F a n ,  Idaho 

I r r iga t ion  Efficiency 

Cos t  
of Wa te r  
P e r  A c r e  

50 P e r  Cent 55 P e r  Cent 60 P e r  Cent 65 P e r  Cent 

Required Requi red  Requi red  Required 
Lift Motor Lift  Motor  Lift Motor  Lift  Motor  

Size Size  Size  Size 

$56.27 723 F e e t  400 hp 767 F e e t  400 hp  812 F e e t  400 hp  878 F e e t  350 hp  

50. 00 645 Fee t  350 hp  686 F e e t  350 h p  728 F e e t  350 hp  769 F e e t  350 h p  

45.00 575 F e e t  300 hp 609 F e e t  300 hp  646 F e e t  300 hp 683 F e e t  300 h p  

40 .00  493 F e e t  300 hp 531 F e e t  250 h p  564 F e e t  250 hp  597 F e e t  250 hp  

35 .00  421 F e e t  250 hp 447 F e e t  250 h p  473 F e e t  250 hp  501 F e e t  200 h p  

30. 00 357 F e e t  200 hp  381 F e e t  200 h p  404 F e e t  200 hp  428 F e e t  200 hp  

25 .00  289 F e e t  150 hp 308 F e e t  150 h p  328 F e e t  150 hp  348 F e e t  150 hp  
I& 

m 
20.00 207 F e e t  150 hp 221 F e e t  150 h p  233 F e e t  150 hp  250 F e e t  100 hp  



GRAPH 4. Cost  of Water Versus  Fee t  of P u m p  Lift fo r  a  600-Acre  
F a r m  with Three  Wells in the Oakley F a n ,  Idaho 
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TABLE 14 

Lift and Required Motor Size for  Var ied I r r iga t ion  Efficiencies and 
Costs  of Water on the 600-Acre  F a r m  with Two Wells ,  Oakley F a n ,  Idaho 

I r r iga t ion  Efficiency 

Cost  
of Water  50 P e r  Cent 55 P e r  Cent 60 P e r  Cent 65 P e r  Cent 
P e r  Ac re  

Required Required Re qui r ed  Required 
Lift Mo to r  Lift Motor  Lif t  Motor Lift Motor 

Size Size Size Size 

778 F e e t  

682 F e e t  

627 Fee t  

545 Fee t  

464 F e e t  

388 F e e t  

312 F e e t  

235 F e e t  

700 hp 845 F e e t  

600 hp 73 1 F e e t  

500 hp 675 F e e t  

450 hp 586 F e e t  

400 hp  499 F e e t  

350 hp 424 F e e t  

250 hp 336 F e e t  

200 hp 255 F e e t  

600 hp  894 F e e t  

600 hp  774 F e e t  

500 hp  715 F e e t  

450 hp  622 F e e t  

400 hp  541 F e e t  

300 h p  45 1 F e e t  

250 hp  357 F e e t  

200 hp 270 F e e t  

600 hp 945 F e e t  

600 hp 835 F e e t  

500 hp  757 F e e t  

450 hp  666 F e e t  

350 hp 578 F e e t  

300 hp  479 F e e t  

250 hp  378 F e e t  

200 hp 286 F e e t  



GRAPH 5 .  C o s t  of W a t e r  V e r s u s  F e e t  of P u m p  Lift f o r  a  6 0 0 - A c r e  
F a r m  wi th  Two Wel ls  in the  Oakley F a n ,  Idaho 
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TABLE 15 

Lift and Required Motor Size f o r  Var ied I r r iga t ion  Efficiencies and 
Cos t s  of Water  on the 600-Acre  F a r m  with One W e l l ,  Oakley Fan ,  Idaho 

- - - - 

I r r iga t ion  Efficiency 

Cos t  
of Wa te r  50 P e r  Cent 55 P e r  Cent 60 P e r  Cent 65 P e r  Cent 
P e r  A c r e  

Required Requi red  Requi red  Required 
Lift Motor Lift Motor Lift Motor Lift  Motor 

Size Size Size Size 

886 Fee t  

783 Fee t  

687 Fee t  

609 Fee t  

520 Fee t  

450 Fee t  

360 Fee t  

274 Fee t  

1500 hp 954 F e e t  

1250 hp 843 F e e t  

1250 hp 740 F e e t  

1000 hp 656 F e e t  

900 hp 566 F e e t  

700 hp 490 F e e t  

600 hp 389 F e e t  

450 hp 297 F e e t  

1500 hp  1023 F e e t  

1250 hp  904 F e e t  

1250 hp 793 F e e t  

1000 hp  703 F e e t  

800 h p  618 F e e t  

700 hp  526 F e e t  

600 hp  417 F e e t  

4 5 0 h p  3 1 9 F e e t  

1500 hp  1081 F e e t  

1250 hp  956 F e e t  

1250 hp  839 F e e t  

1000 hp  751 F e e t  

800 hp  669 F e e t  

700 hp  558 F e e t  

600 hp 442 F e e t  

450 hp 339 F e e t  



GRAPH 6. C o s t  of Wate r  V e r s u s  F e e t  of P u m p  Lif t  f o r  a  600-Acre  
Farm with One Well in the Oakley F a n ,  Idaho 
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CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

If the 200-acre f a rm i s  allowed to remain in the a r e a ,  the 

limits imposed by the analysis on that farm a r e  the pertinent ones. 

Under present economic conditions and irrigation practices the 

maximum economic lift i s  389 feet. This compares with the sample 

average pumping lift of 375 feet, indicating that the 200 a c r e  f a r m  i s  

marginal now. If the decline in water level continues, the 200-acre 

f a r m  probably will disappear. 

As i s  reported for both the 400-acre and 600-acre farms,  the 

maximum economic lift i s  increased by reducing the number of wells 

used. However, the multi-well system has an advantage in that if a 

well breaks down, water i s  still available f rom the other wells on the 

farm. Losing the complete water supply would be disasterous at c e r -  

tain t imes of the pumping season. This was amply illustrated by one 

of the fa rmers  interviewed. One of the three deep well pumps on 

this man 's  420-acre f a r m  was broken down at the time he was con- 

tacted. It took about 8 days to repair the pump. Had he been i r r iga t -  

ing from just one well, the loss of water would have meant the loss of 

most of his crops that year.  The insurance advantage of the multi- 

well system probably outweighs the increased cost. 

The irrigation efficiency of 55 per cent that i s  now the a rea  

average i s  probably about a s  high a s  can be expected with present i r r i -  

gation systems. Increased efficiency can probably be obtained by 
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using sho r t e r  i r r igat ion runs .  The use of sho r t e r  runs  would requi re  

m o r e  i r r igat ion s e t s  to  cover  the s ame  a r e a .  This  would, in  tu rn ,  r e -  

quire  m o r e  labor  which would affect the amount of money available t o  

pay for water .  Increasing the i r r igat ion efficiency would dec rease  the 

amount of water  pumped thereby decreasing the power bill. Ju s t  what 

the effect  of these  fac tors  would be on the economic maximum lift f o r  

the different f a r m s  i s  not known. However, a l ter ing the i r r igat ion sys  - 

t e m  to obtain g r e a t e r  efficiencies i s  des i rab le  because i t  reduces  the 

amount of wate r  that i s  withdrawn f rom the aquifers .  The reduction 

of withdraw1 has  the benefit that i t  will somewhat cur ta i l  the decline 

of water  levels .  Whether o r  not this could completely al leviate the de-  

cline i s  not known, but it would definitely help. 

Alfalfa ha s  the highest  wate r  requi rement  of any of the c rops  

grown in the a r ea .  It a l so  has  the lowest r e tu rn  of any of the c rops  

analyzed. The f a r m e r s  indicated that they grew alfalfa because they 

felt  i t  was neces sa ry  in the c rop  rotation. However, a few f a r m e r s  in- 

dicated that  they were  t rying to  el iminate alfalfa f r o m  their  rotation. 

If these  f a r m e r s  a r e  success fu l ,  the economic pat tern  in the a r e a  may 

be a l tered considerably.  The amount of money available to pay for  

wate r  would be higher and water requi rements  lower .  

With r ega rd  t o  the data  on the pumps, ce r ta in  facts  should be 

kept in  mind when interpreting the resu l t s .  F i r s t ,  the cos t  analysis  

a s sumes  that  the installat ion takes  place a t  the t ime  of init ial  develop- 

ment. Altering existing equipment would increase  the annual cos t s  and 

decrease  the economic maximum lif t .  Secondly, the mechanical  effi- 

ciency assumed f o r  the pumps is c lose  to the efficiency fo r  a new pump. 

Decreases  in the pump efficiency below that a s sumed  will  a l so  dec rease  



the economic maximum lift. 

Recommendations 

There  a r e  other studies which could be done in this and s imi la r  

a r e a s  that could be of benefit to those administering the ground water  

r ights and also to producers  in the a r eas .  

Lit t le spr inkler  i r r igat ion i s  now being used in the a r ea .  Labor 

requirements  fo r  spr inklers  a r e  different than for  siphon tubes. An 

analysis to see  i f  sprinkling i s  economically advisable would be help- 

ful to the producers .  F r o m  the standpoint of water use sprinkling i s  

advisable because i r r igat ion efficiencies can be increased  with spr ink-  

l e r s .  

A comprehensive study of ground water  recharge  and withdrawal 

would a l so  be beneficial. As the water  levels decline, the amount of 

water  discharged to the Snake Plain aquifer will decrease .  This 

should mean that the ra te  of decline will decrease .  However, no con- 

clusion a s  to where the water  levels will stabil ize can be made with 

the information current ly  available. 

Follow-up surveys should be made to investigate the success  

of the f a r m e r s  who attempt to eliminate alfalfa f rom their  rotation. 
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APPENDIX A 

HOURS O F  P U M P  OPERATION 



TABLE 16 

Hours of P u m p  Operation on 200-Acre F a r m  

-- 

Month Hours  of Operation 

April  

May 

June 

July 

August 

September  

October 

Total 



TABLE 17 

Hours  of P u m p  Operation on 400-Acre F a r m  

Month Hours  of Operation 

Apri l  

May 

June 

July 

August 

September  

October 

Total 



TABLE 18 

Hours  of P u m p  0pera. t ion on 600-Acre  F a r m  

Month Hours  of Operat ion 

Apr i l  

May 

June 

July  

August 

Sep tember  

October 

Tota l  



APENDIX B 

DATA FROM SAMPLE FARMS 



TABLE 19 

Average F a r m  Acreages  

F a r m  No. Acres  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11  

12 

13  

14 

15 

16 

17 

18 

Total 



TABLE 20 

Concrete  P ipe  Expense 

F a r m  No. Total  Expenditure Annual Expense 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Total 

Average Annual Cost  = $0. 72 / a c r e  



TABLE 2 1 

Concre te  Ditch Expense  

F a r m  No. Tota l  Expendi ture  Annual Expense  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Total  

Average  = $ 0 . 9 2 / a c r e  



TABLE 22 

Cost  of Land Leveling 

F a r m  No. Total  Expenditure Annual Expense 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 3  

14 

15 

16 

17 

18 

Total  

Average = $1. 1 8 l a c r e  



TABLE 23 

Siphon Tube Expense  

F a r m  No. Total  Expenditure Annual Expense  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Total  

$707 

46 1 

600 

242 

56 1 

No Es t ima t e  

142 

290 

No Es t ima t e  

6 18 

358 

No Es t ima t e  

NO Es t ima t e  

No Estimate 

358 

196 

33 3 

245 

Average = $ 0 . 2 5 / a c r e  



TABLE 24 

Cost  of P u m p  Repa i r s  

F a r m  No. Total  Expenditure Annual Expense 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Total 

Average = $0 .24 / ac r e  



TABLE 25 

Annual Pump  Maintenance Expense 

F a r m  No. Annual Cost  

1  

2 

3  

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

1 3  

1 4  

15 

16 

17 

18 

Total  

Average = $0 .08 / ac r e  




