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DEFINITIONS 

T o t a l  Pumping L i f t  - The t o t a l  p r e s s u r e  expressed i n  f e e t  of wate r  
a g a i n s t  which t h e  pump must o p e r a t e .  

Observat ion - The c o l l e c t i o n  of d a t a  p o i n t s  a t  a g iven  w e l l .  I n  
t h i s  c a s e  a n  obse rva t i on  corresponds t o  a  w e l l  o r  average  
of s i m i l a r  w e l l s  (See Chapter 11, Sepa ra t i on  of Data ,  and 
Appendix) . 

Data Po in t  - The recorded  numerical  va lue  of a g iven  v a r i a b l e  a t  
a g iven  w e l l .  

Va r i ab l e  - A s p e c i f i c  phys i ca l  q u a n t i t y  which i n  t h i s  c a s e  i s  
measurable  and i s  be l i eved  t o  be a  f a c t o r  of c o s t .  

Va r i ab l e  - A v a r i a b l e  o r  mathemat ical  combination of v a r i a b l e s  
be l ieved  t o  r e l a t e  l i n e a r l y  t o  c o s t .  ( I t  i s  denoted i n  
t h i s  paper by t h e  underscore . )  

2 
C o e f f i c i e n t  of Determinat ion - Commonly known a s  R , t h i s  i s  t h e  

f r a c t i o n  of t h e  v a r i a t i o n  i n  t h e  dependent v a r i a b l e  a t t r i t a b l e  
t o  r e g r e s s i o n  of t h e  dependent v a r i a b l e  on t h e  independent 
v a r i a b l e s .  

C o e f f i c i e n t  of V a r i a t i o n  - The s t anda rd  d e v i a t i o n  d iv ided  by t h e  
mean. 

P a r t i a l  Regress ion C o e f f i c i e n t  - The r e g r e s s i o n  of t h e  dependent 
v a r i a b l e  on t h e  independent v a r i a b l e  ho ld ing  o the r  v a r i a b l e s  
cons t an t .  

Standard E r ro r  of Es t imate  - The v a r i a n c e  of t he  dependent v a r i a b l e  
g iven  t h e  independent  v a r i a b l e .  

E l e c t r i c  Wells - Those w e l l s  observed which were pumped by an 
e l e c t r i c  motor.  

Na tu r a l  Gas Wells - Those w e l l s  observed which were pumped by a  
n a t u r a l  ga s  engine.  
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A thorough unders tand ing  of t h e  f a c t o r s  a f f e c t i n g  t h e  c o s t  of 

pumping wate r  f o r  i r r i g a t i o n  does n o t  p r e s e n t l y  e x i s t .  The purpose  

of t h i s  s t u d y  was t o  t r y  t o  g a i n  b e t t e r  unders tand ing  of t h e s e  f a c t o r s  

and a t t empt  t o  de te rmine  t h e  s p e c i f i c  e f f e c t  which t o t a l  pumping l i f t  

may have on t h e  c o s t  of pumping w a t e r .  

Data were ga thered  from v a r i o u s  s o u r c e s  o v e r  f i v e  s t a t e s  and 

s e p a r a t e d  accord ing  t o  t h e  s o u r c e  of power used t o  pump wate r .  A 

m u l t i p l e  r e g r e s s i o n  a n a l y s i s  was r u n  on t h e  d a t a ,  which inc luded  a  

t o t a l  of 193  o b s e r v a t i o n s ,  and t h e  r e l a t i v e  e f f e c t  of each s e l e c t e d  

v a r i a b l e  was determined from t h i s  a n a l y s i s .  

A f t e r  a  p r e l i m i n a r y  a n a l y s i s  was r u n ,  1 4  d i f f e r e n t  e q u a t i o n s  

were s e l e c t e d  f o r  t h e  a n a l y s i s .  

The most impor tan t  f a c t o r  a f f e c t i n g  t o t a l  c o s t s  i n  a l l  c a s e s  

was t o t a l  investment  d i v i d e d  by y i e l d  of w a t e r ,  and t h e  most impor tan t  

f a c t o r  a f f e c t i n g  v a r i a b l e  c o s t s  was l i f t .  

The r e s u l t s  showed t h a t  t h e  v a r i a t i o n  i n  c o s t s  was w e l l  accounted 

f o r ,  and i n  most c a s e s  80 p e r  c e n t  of t h e  v a r i a t i o n  i n  t o t a l  c o s t s  

was accounted f o r .  L i f t  a l o n e  accounted f o r  approx imate ly  40 per  c e n t  

of t h e  v a r i a t i o n  i n  v a r i a b l e  c o s t s  w i t h  v a r i o u s  o t h e r  v a r i a b l e s  improv- 

i n g  t h e  c o r r e l a t i o n  f o r  d i f f e r e n t  t y p e s  of power u n i t s .  

The b e s t  c o r r e l a t i o n  found was w i t h  t o t a l  c o s t s  f o r  n a t u r a l  gas  

w e l l s  where 98 p e r  c e n t  of t h e  v a r i a t i o n  was accounted f o r .  

The r e s u l t s  of t h i s  s t u d y  i n d i c a t e  t h a t  w i t h  t h e  v a r i a b l e s  used 

t o t a l  c o s t s  can b e  w e l l  accounted f o r ,  b u t  a d d i t i o n a l  v a r i a b l e s  must 

b e  used t o  account  f o r  v a r i a b l e  c o s t s .  



CHAPTER I 

INTRODUCTION 

Purpose  

Although most of t h e  wes te rn  s t a t e s  have developed a  r a t h e r  

i n t r i c a t e  sys tem of w a t e r  laws f o r  t h a t  p o r t i o n  of t h e  wa te r  which 

f lows on t h e  s u r f a c e  of t h e  ground, few have developed a  workable  

system of laws f o r  t h a t  p o r t i o n  of t h e  wa te r  which i s  benea th  t h e  

s u r f a c e  of t h e  ground (known a s  ground w a t e r ) .  

The need t o  develop a system of laws f o r  ground wate r  h a s  be- 

come p a i n f u l l y  a p p a r e n t  t o  a g r i c u l t u r a l i s t s  and c o n s e r v a t i o n i s t s  a l i k e .  

I t  i s  becoming more and more a p p a r e n t  t h a t  we a r e  t r u l y  mining our 

ground wate r  i n  many a r e a s  of t h e  wor ld ,  and t h e r e  should b e  some r e -  

g u l a t i o n  a s  t o  whom may be a l lowed t o  p a r t i c i p a t e  i n  t h i s  mining and 

t o  what e x t e n t .  

Homer w a s  probably  t h e  f i r s t  t o  t r y  t o  e x p l a i n  t h e  phenomena of 

ground w a t e r ,  and h e  d i d  s o  w i t h  h i s  t h e o r y  known a s  t h e  oceanus concep t .  

He t h e o r i z e d  t h a t  t h e  ocean was t h e  s o u r c e  of a l l  wa te r  and t h a t  i t  

a r r i v e d  a t  t h e  i n l a n d  underground through a system of underground 

caverns  and i n  t h e  p r o c e s s  was d e s a l i n i z e d .  These i d e a s  were f u r t h e r  

expounded upon, e s p e c i a l l y  w i t h  r e s p e c t  t o  t h e  p u r i f i c a t i o n  a s p e c t ,  by 

P l a t o  and A r i s  t o t l e .  

It w a s  n o t  u n t i l  d a  V i n c i  proposed h i s  t h e o r y  of t h e  hydro log ic  

c y c l e  t h a t  man began t o  r e a l l y  unders tand  ground w a t e r .  Unfor tuna te ly ,  

however, t h e  s c i e n c e  of ground wate r  i s  s t i l l  n o t  w e l l  unders tood ,  f o r  

i f  i t  were t h e r e  would b e  no need f o r  s t u d i e s  of such a n a t u r e  a s  t h i s  

one. 



An a r e a  of d e f i c i e n c y  i n  t h e  knowledge of ground wate r  i n  t h e  

s t a t e  of Idaho,  which i s  of much concern i n  t h e  r e g u l a t i o n  of ground 

w a t e r ,  i s  i n  t h e  t r u e  meaning of t h e  p h r a s e  "a r e a s o n a b l e  ground water  

pumping l e v e l " .  T h i s  wording comes from t h e  Code of t h e  S t a t e  of 

Idaho ( 3 7 )  and r e a d s  as f o l l o w s :  

And w h i l e  t h e  d o c t r i n e  of " f i r s t  i n  t ime i s  f i r s t  i n  
r i g h t "  i s  recognized ,  a  r e a s o n a b l e  e x e r c i s e  of t h i s  r i g h t  
s h a l l  n o t  b l o c k  f u l l  economic development of underground 
w a t e r  r e s o u r c e s .  E a r l y  a p p r o p r i a t o r s  of underground wate r  
s h a l l  b e  p r o t e c t e d  i n  t h e  maintenance of r e a s o n a b l e  ground 
wate r  pumping l e v e l s  as may b e  e s t a b l i s h e d  by t h e  s t a t e  
r e c l a m a t i o n  eng ineer  a s  h e r e i n  provided.  

I n  a n  e f f o r t  t o  approach t h i s  problem of d e f i n i t i o n  some a t t e m p t s  

have been made t o  de te rmine  t h e  maximum d e p t h  from which one can  pump 

wate r  and s t i l l  have enough money l e f t  t o  re imburse  himself  f o r  h i s  

e f f o r t s .  These s t u d i e s  have proven t o  b e  l o c a l i z e d  due t o  t h e  v e r y  

n a t u r e  of t h e  approach,  and a r e  t h e r e f o r e  i n a d e q u a t e  as a t o o l  t o  

d e f i n e  a  g e n e r a l  l e v e l .  It would b e  much more f e a s i b l e  t h e n ,  i f  a  

s t u d y  could  b e  made where t h e  r e s u l t s  were n o t  l o c a l i z e d ,  and could  

apply  g e n e r a l l y  t o  a l l  a r e a s .  With t h i s  s t u d y  i n  hand a person  wish ing  

t o  d e f i n e  t h e  economic pumping l e v e l  f o r  a  g i v e n  a r e a  could  merely  

modify t h e  g e n e r a l  s t u d y  w i t h  l o c a l i z e d  c o n s t a n t s  t o  a r r i v e  a t  t h e  

a p p r o p r i a t e  answer.  T h i s  i s  t h e  s p e c i f i c  purpose  of t h i s  r e s e a r c h .  

O b j e c t i v e s  

The main o b j e c t i v e  of t h i s  s t u d y  w a s  t o  a r r i v e  a t  a r e l a t i o n s h i p  

which could  b e  used t o  d e f i n e  t h e  " reasonab le  ground w a t e r  pumping 

l e v e l " .  However, i n  o r d e r  t o  do s o ,  i t  w a s  n e c e s s a r y  t o  f i r s t  d e t e r -  

mine what a l l  i s  invo lved  i n  de te rmin ing  t h i s  l e v e l ,  and t o  what e x t e n t  

each f a c t o r  a f f e c t s  t h e  end r e s u l t .  
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Four sub-ob jec t ives  a r e  impl ied i n  t h e  main o b j e c t i v e  of t h i s  

s t u d y ,  and they a r e :  1. t o  determine what f a c t o r s  a r e  impor tan t  t o  

t h e  c o s t  of pumping wate r ,  2 .  t o  de te rmine  what t h e  r e l a t i v e  magnitude 

of each of t h e s e  f a c t o r s  i s ,  3 .  t o  q u a n t i t a t i v e l y  r e l a t e  t h e s e  i m -  

p o r t a n t  f a c t o r s  t o  t h e  t o t a l  c o s t ,  and 4 .  t o  develop a  r e l a t i o n s h i p  

f o r  l i f t .  



CHAPTER I1 

LITERATURE REVIEW 

Water Law 

Although water i s  t h e  world 's  most abundant n a t u r a l  resource ,  

i t  i s  a l s o  t h e  most e s s e n t i a l  t o  l i f e .  It i s  then  no s u r p r i s e  t h a t  

modern man should devote much e f f o r t  t o  at tempt  t o  u t i l i z e ,  r e g u l a t e ,  

economize, and syn thes i ze  t h a t  v i t a l  compound of oxygen and hydrogen 

known t o  us  a s  water .  With one eye on t h e  a r i d  reg ions  of t h e  world 

and t h e  o the r  on t h e  exploding megalopolis we r e a l i z e  immediately t h a t  

t h e r e  must be something done t o  i n s u r e  t h a t  we w i l l  always have enough 

water f o r  everyone. 

I n  t h e  western United S t a t e s ,  where i r r i g a t i o n  i s  o f t e n  a  neces- 

s i t y  f o r  a g r i c u l t u r e ,  t h e  demand f o r  water has  pushed us  t o  e x p l o i t  

many d i f f e r e n t  means t o  s a t i s f y  our t h i r s t .  Unfortunately our tech- 

no log ica l  advancements have f a r  ou t s t r i pped  our a b i l i t y  t o  guarantee 

each man's f a i r  sha re  of water.  While water law i s  no f l e d g l i n g  i n  

t h e  f l o c k  of s t a t u t e s ,  i t  is  q u i t e  s i m i l a r  t o  t h e  o s t r i c h  i n  t h a t  i t  

has never learned  t o  f l y .  Of t h e  two b a s i c  t h e o r i e s  of water law, t h a t  

2  
of r i p a r i a n  r igh t s1  and t h a t  of most b e n e f i c i a l  u s e  , t he  theory of 

most b e n e f i c i a l  u se  has been most widely accepted i n  t h e  western United 

'A r i p a r i a n  r i g h t  t o  t h e  u s e  of water  is  by v i r t u e  of ownership 
of land ad jacent  t o  a  water  source and has no bearing on t h e  type  of 
u s e  t o  which i t  i s  pu t .  

2 ~ h e  concept of m o s t ' b e n e f i c i a l  u s e  impl ies  t h a t  t h e  owner must 
put  h i s  water t o  a  u se  descr ibed a s  b e n e f i c i a l  under t h e  s t a t u t e s  of 
t h e  s t a t e  and impl ies  no r e s t r i c t i o n  on t h e  geographic l o c a t i o n  of t h e  
land.  This i s  a  d o c t r i n e  of app ropr i a t ive  r i g h t s  wi th  a  modi f ica t ion  
f o r  c o r r e l a t i v e  r i g h t s .  



S t a t e s  (36, 12 ) .  These theo r i e s  apply mostly t o  t h e  s u r f a c e  water 

w i th in  t h e  r e s p e c t i v e  s t a t e s ,  and laws concerning t h e  use  of ground 

water a r e  not  c l e a r l y  def ined .  However, due t o  t h e  innovat ion of t h e  

v e r t i c a l  t u rb ine  pump and new we l l  techniques s t imula ted  by land re-  

clamation, t h e  development and withdrawal of water from underground 

has become commonplace, and t h e  r egu la t ion  of t he  same is  inadequate .  

Land reclamation i n  Idaho has  been l a r g e l y  under t h e  Desert  

Land Act of 1877 (subsequently r ev i sed )  which allowed f o r  3 .3 m i l l i o n  

a c r e s  t o  be developed. By 1965 nea r ly  1 . 5  m i l l i o n  a c r e s  had been 

developed (35).  

Perhaps t h e  g r e a t e s t  f a l l a c y  perpetuated by lawmakers i n  ground 

water l e g i s l a t i o n  i s  i n  t h e  at tempt  t o  r e g u l a t e  i t  a s  an e n t i t y  sepa- 

r a t e  from su r face  water .  Such i s  not  t h e  t h e s i s  of t h i s  s tudy  however, 

and t h e  argument w i l l  no t  be  undertaken here .  It should be noted t h a t  

no s tudy  of t h e  ground water  p i c t u r e  can be  complete without a t  l e a s t  

a  look a t  t h e  impl ica t ions  t h a t  t h e  development of t h i s  resource  may 

have on i ts  f u t u r e  use .  

The Code of t h e  S t a t e  of Idaho d e f i n e s  t h e  fol lowing terms f o r  

u se  i n  ground water r e g u l a t i o n  (Sec. 42-230) (37) .  

Ground water - a l l  water under t h e  s u r f a c e  of t h e  ground 
whatever may be t h e  geologica l  s t r u c t u r e  i n  which i t  is 
s tanding  o r  moving. 

Well - an a r t i f i c i a l  excavat ion o r  opening i n  t h e  ground 
by which ground water is sought o r  obtained.  

Well d r i l l e r  - any person o r  group of persons who excavate  
o r  open a  we l l  o r  w e l l s  f o r  compensation o r  o therwise  upon 
t h e  land of t h e  we l l  d r i l l e r  o r  upon o the r  land .  

Domestic purposes - water  f o r  household use  and l i ves tock ,  
and water  used f o r  a l l  o t h e r  purposes not  i n  excess of 
13,000 ga l lons  per  day. 



Water r i g h t s  - t h e  l e g a l  r i g h t ,  however a c q u i r e d ,  t o  t h e  
u s e  of w a t e r  f o r  b e n e f i c i a l  purposes .  

When i t  became obvious  t h a t  something had t o  b e  done i n  o r d e r  

t o  p r e s e r v e  and p r o p e r l y  r e g u l a t e  ground w a t e r  usage  i n  t h e  s t a t e ,  t h e  

s t a t e  of Idaho adopted t h e  fo l lowing  r u l e s  ( a s  of 1967).  

A l l  ground w a t e r s  i n  t h i s  s t a t e  a r e  d e c l a r e d  t o  b e  t h e  
p r o p e r t y  of t h e  s t a t e ,  whose du ty  i t  s h a l l  b e  t o  s u p e r v i s e  
t h e i r  a p p r o p r i a t i o n s  and a l l o t m e n t  t o  t h o s e  d i v e r t i n g  t h e  
same f o r  b e n e f i c i a l  u s e .  A l l  r i g h t s  t o  t h e  u s e  of ground 
wate r  i n  t h i s  s t a t e  however a c q u i r e d  b e f o r e  t h e  e f f e c t i v e  
d a t e  of t h i s  a c t  a r e  hereby i n  a l l  r e s p e c t s  v a l i d a t e d  and 
confirmed. 

I t  i s  f u r t h e r  d e f i n e d  t h a t  wa te r  may be used o n l y  by a p p r o p r i a t i o n  

a f t e r  a  l i c e n s e  has  been i s s u e d  by t h e  S t a t e .  

L o g i c a l l y  we now a s k  who i s  t o  r e g u l a t e  t h e  ground w a t e r  and 

t o  i s s u e  t h e  aforement ioned l i c e n s e s  f o r  t h e  a p p r o p r i a t i o n  of ground 

wate r .  The Code of t h e  S t a t e  of Idaho f u r t h e r  d e l i n e a t e s  a u t h o r i t y  

under  "Dut ies  of t h e  S t a t e  Reclamation Engineer".  

I t  s h a l l  l i k e w i s e  b e  t h e  d u t y  of t h e  s t a t e  r e c l a m a t i o n  
eng ineer  t o  c o n t r o l  t h e  a p p r o p r i a t i o n  of t h e  u s e  of t h e  
ground wate r  of t h i s  s t a t e  a s  i n  t h i s  a c t  provided and 
t o  do a l l  t h i n g s  r e a s o n a b l y  n e c e s s a r y  o r  a p p r o p r i a t e  t o  
p r o t e c t  t h e  peop le  of t h e  s t a t e  from d e p l e t i o n  of ground 
wate r  s o u r c e s  c o n t r a r y  t o  t h e  p u b l i c  p o l i c y  expressed  i n  
t h i s  a c t  (Sec.  42-231). 

And w h i l e  t h e  d o c t r i n e  of " f i r s t  i n  t ime  i s  f i r s t  i n  
r i g h t "  i s  recognized ,  a  r e a s o n a b l e  e x e r c i s e  of t h i s  r i g h t  
s h a l l  no t  b l o c k  f u l l  economic development of underground 
w a t e r  r e s o u r c e s .  E a r l y  a p p r o p r i a t o r s  of underground 
wate r  s h a l l  be  p r o t e c t e d  i n  t h e  maintenance of r e a s o n a b l e  
ground w a t e r  pumping l e v e l s  a s  may be e s t a b l i s h e d  by t h e  
s t a t e  r e c l a m a t i o n  e n g i n e e r  a s  h e r e i n  p rov ided .  

The p r i o r i t y  of t ime i s  e s t a b l i s h e d  i n  t h e  Code a s  shown i n  

S e c t i o n  42-226, and p r i o r i t y  of u s e  i s  e s t a b l i s h e d  e lsewhere  i n  t h e  

Code. I n  t h e  o r d e r  of d e c r e a s i n g  p r i o r i t y  a r e  t h e  fo l lowing  f o u r  u s e s :  

domest ic ,  a g r i c u l t u r e ,  mining,  and manufactur ing.  A s  we w i l l  be  con- 



cerned i n  t h i s  s t u d y  p r i m a r i l y  w i t h  domest ic  and a g r i c u l t u r a l  u s e s  of 

w a t e r ,  no s p e c i a l  a t t e n t i o n  i s  commanded by t h e  p r i o r i t y  of u s e .  

Terms which a r e  n o t  w e l l  d e f i n e d  a r i s e  i n  t h e  wording of t h e  

Code and g i v e  b i r t h  t o  an  e n t i r e l y  new s t u d y .  While " b e n e f i c i a l  use" 

i s  n o t  w e l l  d e f i n e d ,  i t  i s  w e l l  unders tood and widely  used .  It i s  i n  

t h i s  f i r s t  term of wa te r  law t h a t  we a r e  s u b j e c t e d  t o  a c c e p t i n g  some- 

o n e ' s  d e c i s i o n  of e x a c t l y  what i s  " b e n e f i c i a l  use".  We might s u g g e s t  

t h a t  b e n e f i c i a l  u s e  should b e  t h a t  u s e  which d e r i v e s  some p r o f i t ,  no 

m a t t e r  how s m a l l ,  t o  someone and no harm t o  anyone. But how a r e  we t o  

d e f i n e  " f u l l  economic development" o r  " reasonab le  ground wate r  pumping 

F u r t h e r  examinat ion of t h e  Code r e v e a l s  more d u t i e s  of t h e  

s t a t e  r e c l a m a t i o n  e n g i n e e r .  

A f t e r  a n  a p p l i c a t i o n  has  been d u l y  f i l e d  w i t h  t h e  s t a t e  
r e c l a m a t i o n  e n g i n e e r ,  a s  i n  t h i s  a c t  p rov ided ,  i t  s h a l l  
b e  t h e  d u t y  of t h e  s t a t e  r e c l a m a t i o n  eng ineer  t o  make 
such f u r t h e r  i n v e s t i g a t i o n  a s  h e  may deem n e c e s s a r y  t o  
de te rmine  whether ground wate r  s u b j e c t  t o  a p p r o p r i a t i o n  
e x i s t s  i n  t h e  l o c a t i o n  o r  l o c a t i o n s  d e s c r i b e d  i n  t h e  
a p p l i c a t i o n ;  and t h e  s t a t e  r e c l a m a t i o n  e n g i n e e r  may a l s o  
r e q u i r e  from t h e  a p p l i c a n t  such a d d i t i o n a l  i n £  ormat ion 
a s  h e ,  t h e  s t a t e  r e c l a m a t i o n  e n g i n e e r ,  deems reasonab ly  
necessa ry  t o  e n a b l e  him t o  a c t  upon t h e  a p p l i c a t i o n  (Sec. 
4 2 - 2 3 3 ) .  

We should immediately a s k  what i s  impor tan t  t o  h e l p  t h e  eng ineer  

de te rmine  whether o r  n o t  a n  a p p l i c a t i o n  should b e  allowed and water  

a p p r o p r i a t e d .  What i n f o r m a t i o n  i s  p e r t i n e n t  t o  t h a t  d e c i s i o n ?  Answer- 

i n g  t h i s  q u e s t i o n  i s  t h e  purpose  of t h i s  p r o j e c t .  

One f i n a l  s e c t i o n  of t h e  Code p e r t a i n s  t o  t h e  r e g u l a t i o n  of 

ground wate r  i n  t h e  s t a t e  of Idaho.  

To s u p e r v i s e  and c o n t r o l  t h e  e x e r c i s e  and a d m i n i s t r a t i o n  
of a l l  r i g h t s  h e r e a f t e r  a c q u i r e d  t o  t h e  u s e  of ground 



waters  and i n  t h e  e x e r c i s e  of t h i s  power he  may by summary 
o rde r ,  p r o h i b i t  o r  l i m i t  t h e  withdrawal of water  from 
any w e l l  during any per iod  t h a t  he  determines t h a t  water  
t o  f i l l  any water  r i g h t  i n  s a i d  w e l l  i s  no t  t h e r e  a v a i l a b l e .  
To a s s i s t  t h e  s t a t e  rec lamat ion  engineer  i n  t h e  adminis t ra -  
t i o n  and enforcement of t h i s  a c t ,  and i n  making determina- 
t i o n s  upon which s a i d  o rde r s  s h a l l  be  based,  he may e s t a b l i s h  
a  ground water  pumping l e v e l  o r  l e v e l s  i n  a n  a r e a  o r  a r e a s  
having common ground water supply a s  determined by him a s  
h e r e a f t e r  provided. Water i n  a  w e l l  s h a l l  n o t  b e  deemed 
a v a i l a b l e  t o  f i l l  a  water r i g h t  t h e r e i n  i f  withdrawal there-  
from of t h e  amount c a l l e d  f o r  by such r i g h t  would a f f e c t ,  
con t r a ry  t o  t h e  dec la red  po l i cy  of t h e  a c t ,  t h e  p re sen t  o r  
f u t u r e  u s e  of any p r i o r  s u r f a c e  o r  ground water r i g h t  o r  
r e s u l t  i n  t he  withdrawing of ground water supply a t  a  r a t e  
beyond t h e  reasonably a n t i c i p a t e d  average  r a t e  of f u t u r e  
n a t u r a l  recharge .  

How w i l l  t he  s t a t e  engineer  a r r i v e  a t  a  "ground water  pumping 

l eve l "?  The most l o g i c a l  approach seems t o  be  from t h e  c o s t  van tage .  

Cost of Pumping Water 

The de te rmina t ion  of t h e  c o s t  of pumping water  would no t  appear 

t o  be too d i f f i c u l t  i f  one were t o  look  a t  i t  from merely a  t h e o r e t i c a l  

s t andpo in t .  The equa t ion  de f in ing  brake water  horsepower f o r  pumping 

water  a g a i n s t  g r a v i t y  is g iven  a s :  

Q h  bhp - 
3960 E  

where Q = pump d i scha rge  i n  ga l lons  per minute 
h  = pres su re  head a g a i n s t  which t h e  pump works 

i n  f e e t  of water  
E  = pump p l a n t  e f f i c i e n c y  

From t h e  r equ i r ed  brake water  horsepower we could e s t i m a t e  t h e  

c o s t  of f u e l  t o  pump t h e  water .  This method of e s t ima t ing  f u e l  c o s t s  

n e c e s s i t a t e s  the  assumption of a  pump e f f i c i e n c y ,  a  f u e l  consumption 

r a t e  and an engine e f f i c i e n c y .  Empir ical  d a t a  a r e  a v a i l a b l e  f o r  e s t i -  

mating these  f i g u r e s ,  bu t  t h e  v a r i a t i o n  i s  wide and is t h e r e f o r e  j u s t  

a n  es t imate .  Est imates  can be  made from Nebraska Tes ts  (Nebraska 
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Agr i cu l tu ra l  Experiment S t a t i o n ) ,  Hicks (171, Johnson D r i l l e r s  Jou rna l  

(19) ,  o r  numerous o the r  documents. Perhaps the  bes t  document on pump 

s e l e c t i o n  and a p p l i c a t i o n  is by Hicks. 

This es t imat ion  of f u e l  cos t s  i s  j u s t  a  p a r t  of the  t o t a l  c o s t s  

involved i n  pumping water .  Smith and Oliver  (32) suggest t he  following 

procedure f o r  es t imat ing  machinery opera t ion  c o s t s .  

Overhead Costs - r e f e r r e d  t o  a s  f ixed  c o s t s ,  including:  

1. Depreciat ion - t he  amount of money l o s t  due t o  l o s s  of 

r e s a l e  va lue  of i n i t i a l  investment. 

2. I n t e r e s t  - t he  amount of money l o s t  due t o  having in- 

vested i n  machinery and theref  o r e  no t  drawing i n t e r e s t .  

3 .  Taxes 

4.  Insurance 

Operating Costs - r e fe r r ed  t o  a s  v a r i a b l e  c o s t s ,  including:  

1. Fuel 

2. Lubr ica t ion  and maintenance - t h e  cos t  of o i l ,  g rease ,  

and r e p a i r s  not exc lus ive  of preventa t ive  maintenance. 

3.  Labor - t h e  c o s t  due t o  time spent  f u e l i n g ,  maintaining,  

l u b r i c a t i n g  o r  r e p a i r i n g  t h e  machine. 

There a r e  s e v e r a l  sources a v a i l a b l e  f o r  es t imat ing  machine l i f e ,  

but Hicks (17) has t h e  b e s t  d iscuss ion  pe r t a in ing  t o  pumps. 

Although t h e  r e l a t i v e  magnitudes of v a r i a b l e  cos t s  and f ixed 

cos t s  vary  considerably with many f a c t o r s  including annual opera t ing  

time; f o r  an average annual opera t ion  time, t h e  two w i l l  be of t he  same 

order  of magnitude (23). 

The above procedure al lows one t o  account f o r  a l l  cos t s  expended 
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i n  the  opera t ion  of a  pump, but  we would l i k e  t o  be a b l e  t o  p red ic t  

c o s t s  of pumping water from known f a c t s  concerning t h e  w e l l  and pump- 

ing u n i t  . 
Dickerson, Larson, and Funk (9) have suggested t h a t  t h e  following 

f a c t o r s  a r e  important t o  pumping c o s t s .  

1. Tota l  pumping l i f t  

2. S i ze  of pump and power u n i t  

3. I n i t i a l  cos t  of pump and power u n i t  

4 .  Rate of pumping 

5. Fuel consumption 

6.  Cost of f u e l  

7 .  Annual hours of opera t ion  

Wantrup and Snyder (33) suggest  t h a t  l i f t ,  power source,  volume 

pumped, and s i z e  of t h e  i n s t a l l a t i o n  a r e  important t o  pump c o s t s .  

Following a procedure 'as described previously f o r  accounting 

f o r  pumping c o s t s ,  Dickerson, Larson, and Funk f u r t h e r  o u t l i n e  t h e  

procedure f o r  determining c o s t s  and present  a  g raph ica l  c o r r e l a t i o n  

between c o s t s  of pumping water and pumping l i f t .  This  i s  shown i n  

Figure 2.  

Numerous o the r  men have attempted accounting budgets f o r  water 

pumped (5,  23, 24, 25, 30) ,  bu t  few attempt t o  p red ic t  cos t s .  

Kansas S t a t e  Universi ty s t u d i e s  show a g raph ica l  c o r r e l a t i o n  of 

d a t a  c o r r e l a t i n g  power consumption t o  p l an t  e f f i c i e n c y ,  f u e l  consump- 

t i o n  t o  p l an t  e f f i c i ency ,  and c o s t s  t o  hours of pump opera t ion  a s  

shown i n  Figure 1. 

A non-linear c h a r t  of c o s t s  aga ins t  l i f t ,  power r a t e ,  and 



Figure 1 
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e f f i c i e n c y  i s  presented by the  Johnson Divis ion  of Universal  O i l  

Products i n  Figure 3  (8). 

Ackerman p re sen t s  an  a n a l y s i s  of pump c o s t s  and c o r r e l a t e s  

c o s t s  a g a i n s t  pump e f f i c i e n c y  and l i f t .  He a l s o  p re sen t s  a  method 

whereby the  c o s t  of d r i l l i n g  and developing a  we l l  can be est imated 

( 1  2 ) .  These a r e  reproduced i n  F igures  4 and 5.  Long (23) c o r r e l a t e d  

v a r i a b l e  c o s t s  wi th  acre- fee t  of water pumped f o r  t e n  count ies  i n  New 

Mexico and found a  s i g n i f i c a n t  r e l a t i o n s h i p ,  bu t  h i s  c o r r e l a t i o n s  d id  

no t  account very  we l l  f o r  t h e  dev ia t ions  i n  t h e  v a r i a b l e  c o s t s .  H i s  

b e s t  c o r r e l a t i o n  was i n  Luna county where the  average l i f t  was 200 

f e e t  and t h e  average d ischarge  was 400 ga l lons  per  minute. The cor- 

r e l a t i o n  c o e f f i c i e n t  was .767 which accounts f o r  approximately 59% 

of t he  v a r i a t i o n  i n  v a r i a b l e  c o s t s .  A l l  of h i s  c o r r e l a t i o n s  were 

simple c o r r e l a t i o n s ,  and he d id  not  t r y  any independent v a r i a b l e s  

o the r  than  acre- fee t  of y i e l d .  H i s  poorest  c o r r e l a t i o n  was i n  Chaves 

and Eddy count ies  f o r  a r t e s i a n  we l l s  where h i s  c o e f f i c i e n t  was .415 

which accounts f o r  approximately 1 7 %  of t h e  v a r i a t i o n  i n  v a r i a b l e  c o s t s .  

Long a l s o  c o r r e l a t e d  t o t a l  investment per w e l l  with we l l  depth where 

the  c o r r e l a t i o n  c o e f f i c i e n t  was .764 and t o t a l  cos t  per  acre-foot  wi th  

d ischarge  where the  c o r r e l a t i o n  c o e f f i c i e n t  was .806. 

I n  a  s tudy f o r  t h e  Nebraska Agr i cu l tu ra l  Experiment S t a t i o n  

Epp (10) p l o t t e d  t o t a l  c o s t s  per  acre-foot  a g a i n s t  ac re - f ee t  of y i e l d  

and found t h e  r e l a t i o n s h i p  t o  be hyperbol ic .  I n  t h i s  s tudy he found 

t h a t  t h e  t o t a l  c o s t  f o r  pumping wi th  n a t u r a l  gas power and e l e c t r i c i t y  

averaged $6.31 and $6.35 r e spec t ive ly ,  and t h e  t o t a l  c o s t  per acre-foot  

per  f o o t  of l i f t  was 3 . 8 ~  and 9~ r e spec t ive ly .  This  s tudy was con- 

cluded i n  1954. 



Figure 3 

From Johnson Division of Universal  O i l  Products (8) 
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Figure 5 

Cost of Gravel-Packed Wells 
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A v e r y  good s t u d y  of pumping c o s t s ,  by Mi les  and Longenbaugh 

(251, e x p l a i n s  how a c t u a l  d a t a  can  b e  used t o  e s t i m a t e  f u t u r e  pumping 

c o s t s .  It should be  noted t h a t  t h e i r  e s t i m a t e s  a r e  based on a c t u a l  

d a t a ,  b u t  do n o t  u s e  a c t u a l  d a t a  f o r  t h e  p r e d i c t i o n .  The i r  e s t i m a t e  

is  a t  b e s t  a n  optimum l e v e l .  They do g i v e  c o n s i d e r a b l e  d i s c u s s i o n  t o  

t h e  f a c t o r s  summarized h e r e a f t e r  and t o  t h e  l i m i t a t i o n s  of p r e d i c t i n g  

c o s t s .  

A d e f i n i t i v e  e f f o r t  toward de te rmin ing  what is  a n  economical  

pumping l i f t  i s  presen ted  by Fogel  and Myles (13) .  I n  t h e i r  a n a l y s i s  

t h e y  a t t e m p t  t o  de te rmine  e x a c t l y  what l i f t  a fa rmer  can a f f o r d  wi th  

t h e  fo l lowing  procedure  : 

1. Es t imate  t h e  c o s t  of o p e r a t i n g  a  pump from: 

a. Es t imate  pumping p l a n t  c o s t s  due t o  g i v e n  l i f t  

and d i s c h a r g e .  

b.  Es t imate  water  needed from consumptive u s e  d a t a .  

c .  Es t imate  annua l  f i x e d  c o s t s  from 1. 

d .  Es t imate  a n n u a l  v a r i a b l e  c o s t s  from b.  

e .  Determine es t imated  c o s t  pe r  a c r e - f o o t  of w a t e r  

pumped. 

2. Es t imate  r e t u r n s  from p r o j e c t e d  i n c r e a s e  i n  p roduc t ion .  

3 .  Es t imate  non-pumping p roduc t ion  c o s t s .  

4.  M u l t i p l y  2  by t h e  a p p r o p r i a t e  f a c t o r  t o  de te rmine  

prof  i t .  

5. S u b t r a c t  3  from 4 f o r  t h e  amount t h a t  could be  s p e n t  

on pumping wate r .  

6.  Determine a c r e - f e e t  of wa te r  needed ( l b ) .  
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7. Determine a c r e - f e e t  times c o s t  of l i f t i n g  one f o o t  by: 

a. e l e c t r i c i t y :  (6) x ,026 

b.  d i e s e l :  (6) x .032 

8.  Determine f e e t  wa te r  can  b e  l i f t e d  by: 

a.  e l e c t r i c i t y  5 /7a  

b .  d i e s e l  5  / 7b 

Although t h e  above a n a l y s i s  i s  e m p i r i c a l ,  i t  i s  a n  a t t e m p t  t o  

de te rmine  what l i f t  i s  economical ly  f e a s i b l e .  

Fogel  and Myles f u r t h e r  sugges t  t h a t  t h e  farmer  should de te rmine  

f o r  h imself  t h e  answers t o  t h e  f o l l o w i n g  q u e s t i o n s .  

1. W i l l  a d d i t i o n a l  income from t h e  w e l l  j u s t i f y  t h e  

e x t r a  investment  i n  t h e  w e l l ?  

2. Is t h e  wa te r  q u a l i t y  adequa te  t o  i n s u r e  f u t u r e  

p r o d u c t i v i t y  of t h e  farm? 

3 .  What c redence  should b e  g i v e n  t o  t h e  r i s k  of a  f a l l i n g  

wate r  t a b l e ,  w e l l  damage i n  c o n s t r u c t i o n  and s e v e r a l  

o t h e r  f a c t o r s ?  

I t  should b e  p o i n t e d  o u t  h e r e  t h a t  t h e  aforement ioned l i t e r a t u r e  

would l e a d  us  t o  b e l i e v e  t h a t  t h e  r e l a t i o n s h i p  of c o s t  t o  l i f t  is n o t  

c l e a r  and is a  f u n c t i o n  of many v a r i a b l e s .  Dickerson,  Larson,  and 

Funk have shown t h a t  c o s t  i s  c l e a r l y  a  f u n c t i o n  of l i f t  , p l a n t  

e f f i c i e n c y ,  and o p e r a t i o n  t ime,  and i s  n o t  l i n e a r  w i t h  a l l  of them. 

Of a l l  t h e  l i t e r a t u r e  reviewed, on ly  Gibb and Sanderson (14) 

and Long (23) t e l l  what t h e  c o r r e l a t i o n  c o e f f i c i e n t s  were between t h e i r  

v a r i a b l e s .  The o t h e r s  merely  p r e s e n t  g r a p h i c a l  c o r r e l a t i o n s .  Gibb 

and Sanderson found t h a t  a h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  between c o s t  



of t h e  pump and the  requi red  brake water horsepower ex i s t ed .  The sane 

was t r u e  between the  c o s t  of we l l s  and the  depth  of t he  wel l s .  I n tu i -  

t i v e l y  we would expect t h i s ,  but  i n t u i t i o n  is  f a r  from s c i e n t i f i c  proof .  

From a l l  of the l i t e r a t u r e  reviewed t h e  fol lowing v a r i a b l e s  were 

presented a s  being important t o  t h e  c o s t  of pumping water:  

1. l i f t  

2. d i scharge  r a t e  

3. depth of we l l  

4. s i z e  of t he  i n s t a l l a t i o n  (combination of 1, 2, and 

3  above) 

5. power source 

6. i n i t i a l  c o s t  of pump and power u n i t  

7 .  e f f i c i e n c y  and f u e l  consumption 

8. annual hours of ope ra t ion  

9.  r e p a i r  and maintenance 

10. taxes  and insurance 

11. deprec i a t ion  

12. y i e l d  (product of 2  and 8 above). 

Water a s  a  Natural  Resource 

No d i scuss ion  of any aspec t  of water would be  complete without  

some d i scuss ion  of water a s  a  n a t u r a l  resource  and i t s  e f f e c t  on the  

a r i d  lands of t he  world. I n  t he  s t a t e  of Idaho a lone  t h e r e  a r e  11 

m i l l i o n  ac re - f ee t  of water d ive r t ed  each year f o r  i r r i g a t i o n .  The 

l i f e -g iv ing  a t t r i b u t e  of water i s  c l e a r l y  shown by t h e  annual i nc rease  

of i r r i g a t e d  acreage  i n  Idaho of 50,000 a c r e s  per year  over the  l a s t  

13  years  (21). Of the  3.5 m i l l i o n  a c r e s  of i r r i g a t e d  farmland i n  



Idaho, one t h i r d  i s  i r r i g a t e d  by pumped water .  A s  an example t h e  

S a i l o r  Creek p r o j e c t  w i t h  six pumps of 1250 g a l l o n  per  minute capac i ty  

provides  water t o  3500 ac re s .  I n  1964 t h e  po t a to  y i e l d  on t h i s  l and  

was 400 hundred weight per  a c r e  represen t ing  a  gross  r e t u r n  of $700 

per ac re  (35).  With t he se  f a c t s  a lone,  no one w i l l  argue t h a t  our 

g r e a t e s t  n a t u r a l  resource  should no t  be  p ro t ec t ed .  

A thorough a n a l y s i s  of a l l  l i t e r a t u r e  on t h e  sub jec t  of water 

a s  a  n a t u r a l  resource  would be impossible ,  bu t  those  pe r t a in ing  t o  

ground water a r e  not  s o  numerous. 

Ciriacy-Wantrup sugges ts  t h a t  i f  w e  a r e  t o  preserve  our ground 

water we must submit t o  some a u t h o r i t y  (6) .  I n  order  t o  reduce waste- 

f u l  dep l e t i on  of n a t u r a l  resources  t h e r e  a r e  two ways suggested.  The 

f i r s t ,  t h a t  of governmental c o n t r o l ,  i s  the  most commonly used method 

( fo r  example t h e  Idaho Code) bu t  perhaps inadequate .  The second 

method, t h a t  of s t a b i l i z i n g  t h e  occupants' t enure  on t h e  land ,  seems 

more e f f i c i e n t .  I f  an  owner o r  t enan t  f e e l s  i n secu re  on h i s  l and ,  

i f  he f e e l s  he may no t  be a b l e  t o  i n su re  h i s  f u t u r e  occupancy due t o  

mortgages, low p r i c e s ,  o r  whatever t h e  cause may be, he w i l l  b e  

economically i n secu re  and w i l l  t h e r e f o r e  a t tempt  t o  maximize s h o r t  

t e r m  p r o f i t .  The most common method used t o  maximize s h o r t  term 

p r o f i t  i s  t o  mine n a t u r a l  resources ,  and t h e  most commonly mined re-  

source  on farm land i s  water .  This  tendency t o  mine resources  g ives  

r ise t o  a  d i s cus s ion  on t h e  "imbalance of p roper ty  r i g h t s "  def ined  

by Ciriacy-Wantrup a s :  

Property r i g h t s  a r e  imbalanced i f  they l ead  t o  such a  
d i s t r i b u t i o n  of revenues and c o s t s  from resource  u t i l i z a -  
t i o n  among members of a  s o c i a l  group t h a t  t h e  agent re- 
spons ib l e  f o r  conserva t ion  d e c i s i o n s  i s  not  i n t e r e s t e d  
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i n  tak ing  a l l  of t h e  revenues of a l l  of t hese  revenues 
and c o s t s  i n t o  account.  

Three remedies f o r  t h e  imbalance of property r i g h t s  a r e  poss ib le :  

F i r s t ,  compensation can be o f f e red .  This can be accomplished by means 

of a c i v i l  law concerning property r i g h t s ,  o r  a government subsidy can 

be o f f e red .  Second, p roh ib i t i ons  such a s  zoning can be imposed thus 

fo rc ing  the  semblance of balance.  Third,  requirements can be made. 

An example of such a r e q u i s i t e  i s  the  requirement of p o l l u t i o n  c o n t r o l  

devices .  

I n  r e f e rence  t o  ground water s p e c i f i c a l l y  we should be e s p e c i a l l y  

c a r e f u l  t o  avoid t h e  poin t  a t  which ground water  dep le t ion  becomes 

i r r e v e r s i b l e .  When t h e  a q u i f e r  becomes compacted and the  a rea  a c t u a l l y  

experiences a d e c l i n e  of ground e l eva t ion  due t o  t he  dewatering of t h e  

a q u i f e r ,  t he  process  is i r r e v e r s i b l e .  This occurs when t h e  s a f e  y i e l d  

is  f a r  exceeded. Such has been t h e  case  i n  a r e a s  of t h e  San Joaquin 

Valley. When s a l i n i t y  p ro t ec t ion  i s  inadequate t h e  process  i s  i r r e -  

v e r s i b l e .  The aqu i f e r  can become s a l i n e  i f  recharge i s  impure o r  i f  

d r i l l i n g  al lows impure aqu i f e r s  t o  p o l l u t e  t h e  f r e s h  a q u i f e r s .  

The disadvantages of a s a f e  minimum standard ( fo r  example 

Idaho's ground water l e v e l )  must be overcome i f  the  pol icy  is t o  be 

workable. The exact  po l icy  t o  be followed must no t  be nebulous, 

t h i s  po l icy  must be proven e f f e c t i v e ,  and i t  must be shown t h a t  no 

o the r  p r a c t i c e  is  b e t t e r  ( 6 ) .  Apparently t h e  l e g i s l a t o r s  of t h e  

s t a t e  of Idaho have assumed t h a t  t h e  establ ishment  of a ground water 

pumping l e v e l  s a t i s f i e s  t h e  c r i t e r i a .  

Considerable d i scuss ion  has been given t o  t h e  top ic  of water 

a s  a s tock  o r  f low resource .  Kelso (20) main ta ins  t h a t  ground water 
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is  indeed a s tock  resource ,  and t h a t  theory  i n  i t s e l f  should cause 

concern. 

Tying toge ther    el so's theory of water a s  a s tock  resource  and 

Ciriacy-Wantrup's theory of i n s e c u r i t y  of t enure  causing a tenant  t o  

mine water ,  Renshaw (31) d i s cus se s  how t o  manage a q u i f e r s .  A s  he too 

f e e l s  t h a t  no proper ty  r i g h t s  a r e  v a l i d  f o r  t h e  f u t u r e ,  t h e r e f o r e  

causing use r  t o  tend t o  maximize t h e  presen t  va lue  of t o t a l  e x t r a c t i o n s  

over  t ime, what i s  t o  be  done? Where recharge i s  n o t  s i g n i f i c a n t  wi th  

r e s p e c t  t o  withdrawal,  t h e  ques t i on  i s  not  whether t o  mine, bu t  a t  

what r a t e .  Renshaw s t a t e s  t h a t  t h e  va lue  of recharge is determined 

by f i r s t  e s t ima t ing  the  i nc rease  i n  f u t u r e  c o s t s  due t o  increased l i f t  

and hence t he  discounted savings t h a t  would r e s u l t  i f  water  were l e f t .  

The annual  saving has  t h r e e  v a r i a b l e s  : 

1. C - t he  c o s t  of l i f t i n g  one acre-foot  of water one 

f o o t .  

2. The amount of l i f t  saved i n  t h e  f u t u r e .  This is  

p ropor t i ona l  t o  t he  i nve r se  of s p e c i f i c  y i e l d  ( S ) .  

For a d i s cus s ion  of s p e c i f i c  y i e l d  s ee  Todd (34).  

3 .  The amount of water t o  be l i f t e d .  

I f  we c a l l  t h e  n a t u r a l  expected recharge ( i n  ac re - f ee t  per  ac re )  y and 

t h e  money saved by recharge M and assume a c a p i t a l i z a t i o n  f a c t o r ,  a ,  

equal  t o  annual savings d iv ided  by a given i n t e r e s t  r a t e  t h e  fol lowing 

i s  t rue .  

Nuzman (29) f u r t h e r  d i s cus se s  t h e  admin i s t r a t i on  of ground 

water .  
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The USDA (28) h a s  developed a summary of methods used t o  re -  

charge  ground w a t e r .  S ince  t h e  t o p i c  o f t e n  a r i s e s ,  i t  is  p r e s e n t e d  

h e r e .  

I n  t h e  b a s i n  method of recharge  wate r  i s  impounded i n  a s e r i e s  

of small b a s i n s  o r  by d i k e s  which f o l l o w  t h e  c o n t o u r .  T h i s  method i s  

e s p e c i a l l y  a p p l i c a b l e  i f  g u l l i e s  c u t  a c r o s s  t h e  l a n d .  I n  t h e  fu r row 

method a s e r i e s  of fu r rows  o r  f l a t  bottomed d i t c h e s  a r e  c o n s t r u c t e d  

c l o s e  t o g e t h e r  t o  u t i l i z e  maximum a r e a .  Thks method i s  most a p p l i c a b l e  

where r e c h a r g e  w a t e r  i s  abundant.  A method of r e l e a s i n g  t h e  w a t e r  t o  

r u n  w i l d l y  on t h e  s u r f a c e  of t h e  ground i s  known a s  t h e  f l o o d i n g  

method, b u t  t h i s  method works on ly  f o r  n e a r l y  l e v e l  l a n d .  Old w e l l s ,  

mine s h a f t s ,  o r  g r a v e l  p i t s  a r e  used f o r  recharge ,  and water  i s  a l lowed 

t o  f low f r e e l y  i n t o  t h e s e  a r e a s .  Although wate r  low i n  suspended 

m a t t e r  is needed and r e c h a r g e  i s  s low due t o  small r e c h a r g e  a r e a ,  

t h i s  method is  e s p e c i a l l y  h e l p f u l  i f  h igh  p e r c o l a t i o n  r a t e s  a r e  needed. 

When a w e l l  i s  used t o  i n j e c t  wa te r  under  p r e s s u r e  where t h e  a q u i f e r  

i s  l o c a t e d  underneath  a c o n f i n i n g  l a y e r  t h e  method i s  c a l l e d  t h e  in -  

j e c t i o n  w e l l  method. 

S e v e r a l  i t ems  of c a u t i o n  must b e  noted b e f o r e  a t t e m p t i n g  recharge .  

An a r e a  of l o c a l  r e c h a r g e  must be  found where wa te r  h a s  a c c e s s  t o  t h e  

a q u i f e r  o r  t h e  e f f o r t s  t o  r e c h a r g e  i t  w i l l  be  f u t i l e .  The o p e r a t o r  

should  be  c a r e f u l  n o t  t o  compact t h e  s o i l  i n  t h e  r e c h a r g e  a r e a .  The 

q u a l i t y  of t h e  r e c h a r g e  w a t e r  should  b e  good and one should b e  c a r e f u l  

t o  check f o r  h i g h  sodium c o n t e n t s  as sodium c a n  be most harmful t o  

s o i l .  The g r a s s  and v e g e t a t i o n  i n  t h e  r e c h a r g e  a r e a  w i l l  a i d  in -  

f i l t r a t i o n ,  s o  e f f o r t  should  be  made n o t  t o  d e s t r o y  i t .  
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It is s i g n i f i c a n t  t o  n o t e  that i n  many states t h e  u s e  of wa te r  

f o r  ground wate r  r e c h a r g e  is n o t  a  b e n e f i c i a l  u s e .  

Choosing Farming P a t t e r n s  t o  F i t  Pumping Condi t ions  

S e v e r a l  s t u d i e s  have been conducted which a t t e m p t  t o  o p t i m i z e  

farm p r o f i t s  w i t h  r e s p e c t  t o  pumping c o n d i t i o n s  i n c l u d i n g  l i f t .  One 

such s t u d y  by Che l ine  (3)  r e l a t e s  t h e  p r o f i t s  of optimum farms of 

t h r e e  d i f f e r e n t  s i z e s  t o  pumping l i f t s .  Another by Grandin (15) 

d i s c u s s e s  t h e  f e a s i b i l i t y  of farming under i r r i g a t i o n  when wate r  must 

b e  pumped from a c o n s i d e r a b l e  dep th .  

Lindeborg (7)  has  shown how much a  fa rmer  can  pay f o r  i r r i g a t i o n  

water  c o s t s  by account ing  f o r  a l l  expenses u s i n g  d i f f e r e n t  farming 

p a t t e r n s .  

Many d e t a i l e d  s t u d i e s  have been under taken  w i t h  t h e  r e s u l t  

be ing  a n  a n a l y s i s  of pumping c o s t s  f o r  a s p e c i f i c  a r e a  o r  s p e c i f i c  

s i z e  farm bu t  w i t h  no c o r r e l a t i o n  of f a c t o r s .  Two such s t u d i e s ,  

Lamoreaux (22) and Haynes (16) are r e p r e s e n t a t i v e  of t h i s  t y p e  e f f o r t .  

Summary of L i t e r a t u r e  

Ground w a t e r  is a n a t u r a l  r e s o u r c e  t h a t  must b e  p r o t e c t e d .  The 

a u t h o r i t y  f o r  t h e  p r o t e c t i o n  and u s e  of ground water i n  Idaho is 

c l e a r l y  d e f i n e d ,  b u t  t h e  c r i t e r i a  is n o t .  S e v e r a l  f a c t o r s  have been 

p r e s e n t e d  which s u g g e s t  c r i t e r i a  f o r  judgment and t h e  d e c i s i o n  then  

must b e  a s i n g u l a r  one. 

I t  h a s  been p o i n t e d  o u t  t h a t  ground water  should  b e  d e a l t  w i t h  

i n  t h e  t o t a l  p i c t u r e  of w a t e r ,  n o t  j u s t  as a s i n g l e  e n t i t y ,  and t h a t  

t h e  b a s i s  f o r  a d m i n i s t r a t i o n  should be  economic, n o t  merely f i n a n c i a l l y  



economic b u t  s o c i a l l y  economic too .  

De te rmina t ion  of t h e  a c t u a l  c o s t  of water can  b e  done a c c u r a t e l y  

i n  a n  account ing  procedure ,  b u t  a l t h o u g h  there are several p r o p o s a l s  

of ways t o  p r e d i c t  t h e  c o s t  of pumping w a t e r ,  none are r e f i n e d  t o  t h e  

p o i n t  t h a t  a n  a d m i n i s t r a t i v e  d e c i s i o n  could  b e  made based on them. 

The r e l a t i o n s h i p  between t h e  c o s t  of pumping w a t e r  and l i f t  is v e r y  

impor tan t  b u t  n o t  f u l l y  unders tood.  

It should b e  remembered t h a t  a l t h o u g h  most e f f o r t s  d e a l  w i t h  

t h e  t a n g i b l e  and immediately a c c o u n t a b l e  c o s t s  o f  pumping w a t e r ,  t h e  

socio-economic c o s t s  should  n o t  b e  f o r g o t t e n .  



CHAPTER I11 

METHODOLOGY 

Variables  

I n  order  t o  eva lua t e  what parameters a r e  important t o  t h e  c o s t  

of pumping water ,  one must f i r s t  determine t h e  t o t a l  cos t  and then  

at tempt  t o  determine t h e  source of t h a t  c o s t .  This implies  t h e  co l l ec -  

t i o n  of da t a .  However, before  c o l l e c t i n g  d a t a ,  one must know what 

d a t a  t o  c o l l e c t .  The problem became one then of where t o  begin. 

The following v a r i a b l e s  were chosen t o  be used i n  t h e  ana lys i s :  

1. To ta l  pumping l i f t  i n  f e e t  
2. Discharge r a t e  i n  ga l lons  per minute 
3 .  Nameplate horsepower of power u n i t  
4 .  Hours of opera t ion  per  season 
5. Tota l  y i e ld  of water per  season i n  ac re - f ee t  
6 .  Investment c o s t  of we l l ,  pump, and power u n i t  (excludes 

d i s t r i b u t i o n  equipment) i n  d o l l a r s  
7 .  To ta l  c o s t s  i n  d o l l a r s  per  acre- foot  

a .  Var iab le  c o s t s  
b. Fixed c o s t s  

i . Depreciat ion 
ii. I n t e r e s t  

iii. Taxes 
8. Var iab le  c o s t s  i n  d o l l a r s  per  acre-foot  

a .  Fuel  c o s t s  
b.  Operation and maintenance costs 
c .  Associated labor  

Data - 
Col l ec t ion  of d a t a  which contained a l l  of t h e  v a r i a b l e s  f o r  each 

observa t ion  became ve ry  d i f f i c u l t  because few s t u d i e s  under taken thus  

f a r  have used a l l  of t h e  above v a r i a b l e s ,  and few farmers a r e  r e a l l y  

c e r t a i n  of t h e  exac t  va lues  of each v a r i a b l e .  Some d a t a  were gathered 

from l i t e r a t u r e  on previous s t u d i e s .  These d a t a  were assumed t o  be  re -  

l i a b l e .  The observa t ions  i n  these  cases  were averages of s e v e r a l  we l l s  
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under s i m i l a r  condi t ions ,  and i n  some cases  t h e  sepa ra t ion  of t o t a l  

c o s t s  i n t o  f i xed  and v a r i a b l e  c o s t s  was not  known. Observations 

gathered from l i t e r a t u r e  t o t a l e d  40. 

The remainder of the  d a t a  were obtained from opera t ing  records  

of Idaho Power Company and ind iv idua l  farms. These observat ions 

t o t a l e d  153. 

Due to  t h e  drawdown of we l l s  during long and continuous pump- 

ing ,  t he  t o t a l  pumping l i f t  i nc reases  wi th  time i n  most cases .  A s  

many of t he  we l l s  s tud ied  were pumped i n t o  mobile sp r ink l ing  systems, 

some v a r i a t i o n  due t o  e l eva t ion  of t he  s p r i n k l e r  heads was a l s o  en- 

countered. I n  most cases  t he  depth t o  water i n  t he  we l l  was measured 

by the  app ropr i a t e  s t a t e  agency and approximate co r r ec t ions  were 

allowed f o r  f r i c t i o n  l o s s  and s p r i n k l e r  pressure .  It i s  assumed t h a t  

t h e  input  d a t a  a r e  reasonably accu ra t e .  Input  d a t a  are presented i n  t h e  

Appendix. 

Discharge measurements a r e  assumed t o  be q u i t e  accu ra t e  a s  they 

were measured e i t h e r  by s t a t e  agencies  o r  by the  person inves t iga t ing .  

Operation time i s  r e l i a b l e  i n  most cases ,  e s p e c i a l l y  on the  

e l e c t r i c  u n i t s ,  a s  a meter had been i n s t a l l e d  which read t h e  cumulative 

time d i r e c t l y .  On some of t h e  n a t u r a l  gas engines t h e r e  may have been 

malfunctions with the  hour meter and some e r r o r  may be introduced 

here.  There r e a l l y  i s  no way of checking t h e  accuracy of t h i s  measure- 

ment, but  i n spec t ion  of f u e l  consumption compared t o  hours of operat ion 

d id  g ive  the  i n v e s t i g a t o r s  some i n d i c a t i o n  of malfunct ions i n  hour 

meters.  

The only o the r  v a r i a b l e  which may be i n  e r r o r  i s  t h a t  of opera- 



t i o n  and maintenance c o s t .  Few farmers keep s e p a r a t e  accounts of 

l u b r i c a t i o n  c o s t s  o r  r e p a i r  c o s t s  f o r  t h e i r  we l l s ,  and t h i s  f a c t o r  

involves approximation. I n  many cases  t h i s  f a c t o r  had t o  be est imated,  

and t h i s  was accomplished by comparison wi th  those  observat ions where 

ope ra t ion  and maintenance c o s t s  were known. 

Incomplete Data 

Some cases  were encountered where t h e  exac t  investment c o s t  could 

not  be  determined. I n  t hese  cases  t h e  c o s t s  were est imated from o the r  

known r e l a t i o n s h i p s .  This es t imat ion  w i l l  cause some e r r o r  and i n t e r -  

c o r r e l a t i o n  f o r  t h e  inpu t  d a t a ,  bu t  i t  is no t  expected t h a t  t h e  

est imated c o s t s  a r e  f a r  i n  e r r o r .  Care was taken t o  make any e r r o r  

a n  overest imate i f  t h e r e  was t o  be  any e r r o r .  I n  t h e  f i n a l  a n a l y s i s  

193 observa t ions  were used. 

Data Co l l ec t ion  

No at tempt  was made t o  r e s t r i c t  t h e  c o l l e c t i o n  of d a t a  t o  Idaho, 

and d a t a  were c o l l e c t e d  over a  f i v e  s t a t e  a r ea  inc luding  Colorado, 

Idaho, Ca l i fo rn i a ,  New Mexico, and Arizona. 

A l l  d a t a  were second hand; no d a t a  were obtained d i r e c t l y .  

Severa l  d a t a  po in t s  were obtained from t echn ica l  pub l i ca t ions ,  bu t  t h e  

bulk of t h e  d a t a  was co l l ec t ed  through t h e  cour tesy  of Idaho Power 

Company and a  l a r g e  farm i n  Colorado. 

I n  a l l  cases  a l l  d a t a  po in t s  f o r  a  given observa t ion  poin t  were 

obtained from t h e  same source  t o  e l imina te  t h e  v a r i a t i o n  i n  r epo r t ing  

procedures.  It should be  noted t h a t  any cons i s t en t  d i f f e r e n c e  i n  re-  

po r t ing  procedures w i l l  not  s i g n i f i c a n t l y  a f f e c t  t h e  c o r r e l a t i o n  i f  a l l  

d a t a  poin ts  f o r  a n  observa t ion  a r e  from t h e  same source. 



Method of Analysis 

The method of ana lys i s  chosen f o r  t h i s  s tudy was a  step-wise 

mul t ip l e  r eg res s ion  a n a l y s i s  programmed on t h e  IBM 360 computer a t  t h e  

Universi ty of Idaho computer cen te r .  

The program r a n  slmple c o r r e l a t i o n s  between a l l  combinations 

of t h e  input  d a t a  and the  mul t ip l e  regress ion  ana lys i s  c o r r e l a t i n g  

t h e  dependent v a r i a b l e  (cos t )  t o  t h e  se l ec t ed  independent v a r i a b l e s .  

I n  the  step-wise a n a l y s i s  t he  e f f e c t  of each independent v a r i a b l e  on 

t h e  c o r r e l a t i o n  i s  e a s i l y  seen  and i s  pr in ted  out i n  order of decreas- 

ing e f f e c t .  I n  o the r  words the  program employed does a  step-up 

mul t ip l e  regress ion .  

Independent Variables  

The choice of independent v a r i a b l e s  was necessa r i ly  l imi t ed  t o  

mathematical combinations of t he  independent v a r i a b l e s .  The following 

va r i ab le s  were chosen : 

1. F - the product of l i f t ,  d i scharge ,  and operat ing 

time. This v a r i a b l e  should be a  measure of f u e l  

consumption and the re fo re  a  measure of f u e l  cos t s .  

2 .  E - t he  product of l i f t  and discharge divided by 

nameplate horsepower. This is  a crude measure of 

e f f i c i ency  and design. 

3 .  Y - t o t a l  water y i e ld  i n  ac re  f e e t  per season. 

4. P - product of l i f t  and discharge,  a  measure of re- 

quired water horsepower. 

5. L - l i f t  i n  f e e t .  

6 .  Q - discharge r a t e  i n  ga l lons  per  minute. 



7. T - opera t ing  time i n  hours .  

8. H - nameplate engine horsepower. 

9. I - Investment c o s t  d iv ided  by y i e l d ,  i n  d o l l a r s  

per  acre-foot ,  a  measure of annual f i xed  c o s t .  

Dependent Var iab les  

1. Y1 - t o t a l  cos t  divided by y i e l d  i n  d o l l a r s  pe r  acre- 

f e e t .  

2. Y2 - v a r i a b l e  cos t  divided by y i e l d  i n  d o l l a r s  per  

acre- fee t .  

Choosing Equat ions 

I n  choosing the  equat ions with which t o  es t imate  t h e  c o s t s ,  t h e  

r eg re s s ion  a n a l y s i s  was run using a l l  n ine  v a r i a b l e s  with Y From 
1' 

t h e  r e spec t ive  c o r r e l a t i o n s  t o  c o s t ,  the  fol lowing equat ions were 

chosen f o r  a n a l y s i s  on the  computer: 



where a-k a r e  p a r t i a l  r eg re s s ion  c o e f f i c i e n t s  and C i s  a  cons tan t .  

The b a s i s  f o r  choosing equat ions 10  and 14 was not t o  c o r r e l a t e  t h e  

c o s t s  of pumping water ,  but  r a t h e r  t o  a t tempt  t o  c o r r e l a t e  i n i t i a l  in-  

vestment c o s t s  wi th  water horsepower, and t o  determine what e f f e c t ,  

i f  any, t h e  e s t ima t ion  of i n i t i a l  investment c o s t  had on i n t e r c o r r e l a -  

t i o n .  This c o r r e l a t i o n  was suggested by Ackerman (2).  

Separa t ion  of Data 

The da t a  used i n  t h i s  s tudy could be  ca tegor ized  i n  four  groups. 

The f i r s t  group of 25 observa t ions  were observa t ions  f o r  w e l l s  where 

each observa t ion  was an average of s e v e r a l  w e l l s  under s i m i l a r  con- 

d i t i o n s .  For t h e s e  25 observa t ions  t h e  s e p a r a t i o n  of t o t a l  c o s t s  

i n t o  v a r i a b l e  and f i xed  c o s t s  was no t  known, so  on ly  c o r r e l a t i o n s  

wi th  t o t a l  c o s t s  could be at tempted.  

The second group which included 116 observa t ions  were f o r  

i nd iv idua l  e l e c t r i c  we l l s .  Many of t he se  observa t ions  d id  not  inc lude  

t h e  investment c o s t ,  so  t h i s  v a r i a b l e  was est imated from known re-  

l a t i o n s h i p s  and d r i l l e r ' s  c a t a logs .  
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A group of 44 o b s e r v a t i o n s  was used f o r  i n d i v i d u a l  n a t u r a l  gas  

w e l l s .  Data f o r  this group were complete and probably  t h e  most r e -  

l i a b l e  of a l l  d a t a  used i n  t h i s  s t u d y .  

The f i n a l  group of 8  w e l l s  u e r e . o b s e r v a t i o n s  f o r  averages  of 

w e l l s  under s i m i l a r  c o n d i t i o n s  where t h e  s e p a r a t i o n  of t o t a l  c o s t s  

i n t o  v a r i a b l e  and f i x e d  c o s t s  was known. 

The d a t a  were s e p a r a t e d  i n t o  f o u r  r u n s  f o r  c o r r e l a t i o n s .  The 

f i r s t  r u n  was made w i t h  a l l  193 o b s e r v a t i o n s  and was r u n  o n l y  f o r  Y 
1 

c o r r e l a t i o n s .  The second r u n  of 168 o b s e r v a t i o n s  inc luded  o n l y  t h o s e  

f o r  which t h e  s e p a r a t i o n  of t o t a l  c o s t s  v a r i a b l e  and f i x e d  c o s t s  

was known. The two remaining r u n s  were made w i t h  j u s t  e l e c t r i c  w e l l s  

and j u s t  n a t u r a l  gas  w e l l s  r e s p e c t i v e l y .  



CHAPTER IV 

RESULTS 

Simple c o r r e l a t i o n  c o e f f i c i e n t s  and p a r t i a l  r eg re s s ion  coef- 

f i c i e n t s  a r e  presented i n  c h a r t  form i n  Tables (1-4, 7-11). The 

c o e f f i c i e n t s  of c o r r e l a t i o n  va r i ed  from .27 t o  .99 wi th  c o e f f i c i e n t s  

of de te rmina t ion  of .08 t o  .98 r e spec t ive ly .  This means t h a t  8  per  

cent  and 98 per  cen t  of the v a r i a t i o n  i n  the  dependent v a r i a b l e  was 

accounted f o r .  For example, a s  shown i n  Tables 9  and 11, the  bes t  

p red ic t ion  equat ion f o r  t o t a l  c o s t s  divided by y i e l d ,  Y1, us ing equat ion 

3* i s :  
Y1 

= .753 L - .057 T + 11.09 I + 263. This equat ion has a  

c o e f f i c i e n t  of determinat ion of .88. 

The b e s t  f i t  equat ion f o r  a l l  193 observa t ions  was wi th  equat ion 

3  which y ie lded  a  c o e f f i c i e n t  of de te rmina t ion  va lue  of .86. However, 

using equat ion 4  wi th  only 3  v a r i a b l e s  t he  c o e f f i c i e n t  of determinat ion 

was .84, and with equat ion 5  wi th  2  v a r i a b l e s  t he  c o e f f i c i e n t  of de- 

terminat ion was .80. Tables (1-4) show t h e  i n t e r c o r r e l a t i o n  of 

v a r i a b l e s  with t h e i r  r e spec t ive  l e v e l s  of s ign i f i cance .  

For 168 observa t ions  the  b e s t  f i t  equat ion wi th  Y was equat ion 
1 

3 with the  c o e f f i c i e n t  of determinat ion equal  t o  .93. Again equat ion 

4  was nea r ly  a s  good wi th  t h e  c o e f f i c i e n t  of determinat ion equal  t o  

.92. With c o r r e l a t i o n s  of Y2 t he  bes t  f i t  was wi th  equat ion 7 where 

the  c o e f f i c i e n t  of determinat ion was .52. Equation 12  us ing  j u s t  2  

v a r i a b l e s  had a  c o e f f i c i e n t  of determinat ion of .45. With the  simple 

c o r r e l a t i o n  of l i f t  aga ins t  v a r i a b l e  c o s t ,  t he  c o r r e l a t i o n  c o e f f i c i e n t  

was .39. This i s  s i g n i f i c a n t  a t  t h e  .5  per  cent  l e v e l .  It i s  suggested 
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Table 3 

I n t e r c o r r e l a t i o n s  

Simple Corre la t ion  Coef f i c i en t s  

E l e c t r i c  Wells (116 observat ions)  

L Q H T Y I 

.I74 i s  s i g n i f i c a n t  a t  t he  5 percent  l e v e l .  

.228 i s  s i g n i f i c a n t  a t  t h e  1 percent  l e v e l .  
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Table  11 

Equat ion 

Accuracy of P r e d i c t i o n  Equat ions  

Number of C o e f f i c i e n t  of Standard Er ror  
Observa t ions  Determinat ion of Es t imate  



Equation 

1 4  

1 

2 

3 

3* 

4 

5 

6 

7 

7 * 
8 

9 

1 0  

11 

1 2  

1 3  

1 4  

/I 

1 

2 

3 

3* 

4 

5 

6 

Number of 
Observations 

168 

116 

116 

116 

116 

116 

116 

116 

116 

116 

116 

116 

116 

116 

116 

11 6 

116 

116 

44 

4 4 

4 4 

44 

44 

4 4 

4 4 

Coef f i c i en t  of 
Determination 

- 7 3  

.88 

.88 

.89 

.88 

.87 

.88 

.79 

.63 

.63 

.54 

.42 

.83 

.46 

.46 

.48 

.82 

.57 

-97 

.96 

.98 

.97 

.96 

.96 

.62 

Standard Er ror  
of Est imate  



Equation 

7 

7 * 
8 

9 

10  

11 

12 

1 3  

14 

Number of 
Observat ions  

C o e f f i c i e n t  of 
Determinat ion 

Standard E r ro r  
of Es t imate  

# S p e c i a l  equa t ion  wi thout  v a r i a b l e  I .  

* I n d i c a t e s  r e g r e s s i o n  w a s  stopped when R~ d i d  no t  s i g n i f i c a n t l y  
i n c r e a s e  w i th  more independent v a r i a b l e s .  



Number of C o e f f i c i e n t  of Standard E r r o r  
Equat ion 

Observat ions  De te rmina t ion  of Es t imate  

7 4 4 .60 73.0 

7 * 44 .57 73.2 

i S p e c i a l  e q u a t i o n  wi thou t  v a r i a b l e  I .  

* I n d i c a t e s  r e g r e s s i o n  was s topped when R~ d i d  n o t  s i g n i f i c a n t l y  
i n c r e a s e  w i t h  more independent  v a r i a b l e s .  



t h a t  t h e  ca l cu l a t ed  F  l e v e l  f o r  a  good p red i c to r  be fou r  t imes t h a t  

of t h e  F  l e v e l  of t h e  v a r i a b l e ,  and i n  t h i s  case  i t  i s  ( a t  1% l e v e l ) .  

The e l e c t r i c  wel l  observa t ions  d i d  no t  y i e l d  a s  good c o e f f i c i e n t  

of de te rmina t ion  va lues  f o r  Y a s  t h e  o the r  runs  but  b e t t e r  va lues  f o r  
1 

Y2. 
The b e s t  c o e f f i c i e n t  of de te rmina t ion  wi th  Y was .89 wi th  equa- 

1 

t i o n  3  and .63 f o r  Y with  equa t ion  7 .  Using equat ion 1 3  a  c o e f f i c i e n t  
2 

of de te rmina t ion  of .48 was found us ing  only 3  v a r i a b l e s .  

Natura l  gas  we l l  observa t ions  y ie lded  very  good c o r r e l a t i o n s  

f o r  Y bu t  r a t h e r  poor c o r r e l a t i o n s  f o r  Y The b e s t  c o e f f i c i e n t s  of 
1 2 ' 

determina t ion  were .98 and .60 w i th  equat ions 3  and 7 r e spec t ive ly .  

The va lues  of t h e  est imated c o s t s  per u n i t  y i e l d  f o r  s e v e r a l  

p r ed i c t i on  equa t ions  shown i n  Tables (7-11) a r e  p l o t t e d  a g a i n s t  t h e  

a c t u a l  cos t  per u n i t  y i e l d  i n  Figures  (6-16). 



F i g u r e  6 

Est imated Cos t s  Versus  A c t u a l  Cos t s ,  Equa t ion  3 

A l l  Wells  (193 o b s e r v a t i o n s )  
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F i g u r e  7 

Estimated Costs  Versus Ac tua l  Cos t s ,  Equat ion 3 

Wells w i t h  V a r i a b l e  Cos t s  Known (168 o b s e r v a t i o n s )  

Ac tua l  T o t a l  Costs  i n  D o l l a r s  per ac re - foo t  
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Est imated Cos t s  Versus Ac tua l  Cos t s ,  Equat ion 5 

Wells w i t h  V a r i a b l e  Costs  Known (168 o b s e r v a t i o n s )  

A c t u a l  T o t a l  Cos t s  i n  D o l l a r s  per  ac re - foo t  
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Es t ima ted  Cos t s  Versus  A c t u a l  C o s t s ,  Equa t ion  7 

Wells w i t h  V a r i a b l e  C o s t s  Known (168 o b s e r v a t i o n s )  

A c t u a l  V a r i a b l e  Cos t s  i n  D o l l a r s  p e r  a c r e - f o o t  
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Es t ima ted  Cos t s  Versus  A c t u a l  C o s t s ,  Equa t ion  8  

Wells w i t h  V a r i a b l e  Cos t s  Known (168 o b s e r v a t i o n s )  

A c t u a l  V a r i a b l e  C o s t s  i n  D o l l a r s  p e r  a c r e - f o o t  



Figure  11 

Est imated Cos t s  Versus Ac tua l  Cos t s ,  Equat ion 5 

E l e c t r i c  Wells (116 o b s e r v a t i o n s )  
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Actua l  T o t a l  Cos t s  i n  D o l l a r s  per  a c r e - f o o t  
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Es t ima ted  C o s t s  Versus  A c t u a l  C o s t s ,  Equa t ion  7 

E l e c t r i c  Wells (116 o b s e r v a t i o n s )  

A c t u a l  V a r i a b l e  C o s t s  i n  D o l l a r s  p e r  a c r e - f o o t  
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Est imated Costs  Versus Ac tua l  Cos t s ,  Equat ion 8 

E l e c t r i c  Wells (116 o b s e r v a t i o n s )  

Ac tua l  V a r i a b l e  Cos t s  i n  D o l l a r s  per  ac re - foo t  
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Est imated Cos t s  Versus Ac tua l  Cos t s ,  Equat ion 1 2  

E l e c t r i c  Wells (116 o b s e r v a t i o n s )  

Ac tua l  V a r i a b l e  Cos t s  i n  D o l l a r s  per a c r e - f o o t  
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Est imated Cos t s  Versus Ac tua l  Cos t s ,  Equat ion 3 

N a t u r a l  Gas Wells (44 o b s e r v a t i o n s )  
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Actua l  V a r i a b l e  Costs  i n  D o l l a r s  pe r  ac re - foo t  
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CHAPTER V 

DISCUSSION 

I t  was a n t i c i p a t e d  t h a t  wa te r  horsepower and o p e r a t i n g  t ime 

would have a  s i g n i f i c a n t  e f f e c t  on t h e  v a r i a b l e  c o s t s ,  and t h a t  i n -  

ves tment  would have a  s i g n i f i c a n t  e f f e c t  on t o t a l  c o s t s .  I n  t h e  f i n a l  

a n a l y s i s  i t  was found t h a t  a l though  t h e  t o t a l  c o s t s  were v e r y  much a  

f u n c t i o n  of inves tment ,  t h e  time of o p e r a t i o n  d i d  n o t  appear t o  have 

a  s t r o n g  e f f e c t  on t h e  v a r i a b l e  c o s t s .  However, when an e q u a t i o n  was 

r u n  f o r  t h e  116 e l e c t r i c  w e l l  o b s e r v a t i o n s  which c o r r e l a t e d  t o t a l  

c o s t s  w i t h  t h e  independent v a r i a b l e s  but  omi t t ed  t h e  v a r i a b l e  I ,  t h e  

t ime of o p e r a t i o n  was t h e  f i r s t  v a r i a b l e  t o  e n t e r  t h e  c o r r e l a t i o n .  The 

p a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t  f o r  t ime of o p e r a t i o n  was n e g a t i v e ,  

i n d i c a t i n g  t h a t  c o s t s  p e r  u n i t  y i e l d  d e c r e a s e  w i t h  i n c r e a s e  i n  t ime.  

This  is  because  c o s t  i s  d i v i d e d  by y i e l d .  We a r e  l e d  t o  b e l i e v e  t h a t  

t h e  r e d u c t i o n  o f  c o s t s  w i t h  t ime i s  n o t  l a r g e  o r  t h a t  t h e  i n t e r c o r r e l a -  

t i o n  of i n p u t  v a r i a b l e s  somehow masked t h e  e f f e c t  of t ime. S ince  i t  

can be  e a s i l y  shown t h a t  v a r i a b l e  c o s t s  a r e  a  f u n c t i o n  of o p e r a t i n g  

t ime ,  i t  can  o n l y  be t h a t  t h e  c o v a r i a n c e  of t h e  i n p u t  v a r i a b l e s  masked 

o u t  t h e  e f f e c t  of t ime. Div id ing  t h e  t o t a l  c o s t s  by y i e l d  caused some 

i n t e r c o r r e l a t i o n  s i n c e  y i e l d  i s  a  product  of d i s c h a r g e  and t ime.  

M u l t i p l e  Regress ion Assumptions 

I n  u s i n g  t h e  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  two assumptions  a r e  

made: common v a r i a n c e s  a r e  e q u a l ,  and t h e  independent  v a r i a b l e s  a r e  

u n c o r r e l a t e d  among themselves .  I t  can be s e e n  from Table  5 t h a t  t h e  

v a r i a n c e s  f o r  n a t u r a l  gas  and e l e c t r i c  w e l l s  a r e  n o t  e q u a l .  A s  a n  



6 3  

example t h e  c o e f f i c i e n t  of v a r i a t i o n  i n  d i s c h a r g e  r a t e  i s  .55,  .54,  

.53,  and .13 f o r  t h e  r e s p e c t i v e  f o u r  d a t a  s e p a r a t i o n s .  Tab les  (1-4) 

show t h a t  t h e  independent  v a r i a b l e s  a r e  n o t  independent  b u t  a r e  h i g h l y  

i n t e r c o r r e l a t e d .  Thus we have v i o l a t e d  t h e  assumptions  of t h e  re-  

g r e s s i o n  a n a l y s i s .  The e f f e c t  of v i o l a t i n g  t h e s e  assumptions  cannot  

be  r e a d i l y  determined,  b u t  t h i s  must b e  kep t  i n  mind. 

Use of t h e  P r e d i c t i o n  Equat ions  

Although t h e  c o e f f i c i e n t  of d e t e r m i n a t i o n  f o r  t h e  m u l t i p l e  r e -  

g r e s s i o n  e q u a t i o n  3  f o r  n a t u r a l  g a s  w e l l s  i s  .98 i t  i s  probably  n o t  

a  good p r e d i c t o r  f o r  w e l l s  o t h e r  than  t h o s e  used i n  t h e  a n a l y s i s .  S i n c e  

investment  d i v i d e d  by y i e l d  and m u l t i p l i e d  by an  a p p r o p r i a t e  d e p r e c i a -  

t i o n  r a t e  i s  e s s e n t i a l l y  f i x e d  c o s t  p e r  u n i t  y i e l d ,  we have a  c a s e  of 

c o r r e l a t i n g  a  p a r t  ( f i x e d  c o s t s )  w i t h  a  whole ( t o t a l  c o s t s ) .  We have 

an  au tomat ic  " b u i l t - i n "  r e l a t i o n s h i p .  Th is  i s  why t h e  v a r i a b l e  I 

c o r r e l a t e s  t h e  s t r o n g e s t  of a l l  v a r i a b l e s .  With t h e  h i g h  c o r r e l a t i o n  

of investment  c o s t  ( I  Y) w i t h  water  horsepower (P) one might s u s p e c t  

t h a t  t o t a l  c o s t s  cou ld  b e  p r e d i c t e d  wi thou t  u s i n g  t h e  v a r i a b l e  I ,  b u t  

such was n o t  t h e  c a s e  (See Table 9 ) .  Th i s  was c l e a r l y  shown by t h e  

s p e c i a l  e q u a t i o n  run  on t h e  e l e c t r i c  w e l l  o b s e r v a t i o n s  o m i t t i n g  I .  

The f a c t  of c o r r e l a t i n g  a  p a r t  a g a i n s t  t h e  whole i s  borne o u t  by t h i s .  

The c o r r e l a t i o n  of t h e  s p e c i a l  e q u a t i o n  might b e  improved by in t roduc-  

i n g  a  v a r i a b l e  P d i v i d e d  by Y ,  b u t  t h i s  was n o t  t e s t e d .  

The s i m i l a r i t y  of t h e  n a t u r a l  gas  w e l l s  had a s i g n i f i c a n t  e f f e c t  

on t h e  c o r r e l a t i o n  of t o t a l  c o s t s  w i t h  t h e  independent  v a r i a b l e s .  For 

t h e s e  o b s e r v a t i o n s  t h e  d i s c h a r g e  r a t e ,  i n i t i a l  investment  (based on 

a  c o n t r a c t  f o r  42 of t h e  44 w e l l s ) ,  and nameplate horsepower were a  



c o n s t a n t .  L i f t  a l s o  had a  ve ry  narrow range .  Because t h e s e  v a r i a b l e s  

were e s s e n t i a l l y  c o n s t a n t ,  t h e  phenomena of c o r r e l a t i n g  a  p a r t  a g a i n s t  

t h e  whole was accen tua ted .  The c o e f f i c i e n t  of d e t e r m i n a t i o n  w i t h  j u s t  

v a r i a b l e  I a g a i n s t  t o t a l  c o s t  pe r  u n i t  y i e l d  was .96 and i n c r e a s e d  

o n l y  t o  .98 w i t h  8  a d d i t i o n a l  v a r i a b l e s .  The narrow r a n g e  of l i f t  w i t h  

o t h e r  p r e v i o u s l y  mentioned v a r i a b l e s  being n e a r l y  c o n s t a n t  probably  

e x p l a i n s  t h e  r e l a t i v e l y  low c o e f f i c i e n t  of d e t e r m i n a t i o n  found f o r  t h e  

c o r r e l a t i o n  of l i f t  w i t h  v a r i a b l e  c o s t  p e r  u n i t  y i e l d .  Here t h e  

o p p o s i t e  e f f e c t  was o p e r a t i n g .  

The p r e d i c t i o n  e q u a t i o n  f o r  t h e  e l e c t r i c  w e l l  o b s e r v a t i o n s  a l s o  

may n o t  prove t o  b e  a s  good a s  t h e  .82 c o e f f i c i e n t  of d e t e r m i n a t i o n  

would i n d i c a t e  f o r  f u t u r e  e s t i m a t e s .  Th i s  may b e  due t o  t h e  h i g h  

c o r r e l a t i o n  between w a t e r  horsepower and i n i t i a l  c o s t .  Not too  much 

credence should b e  d e t r a c t e d  by t h i s  c o r r e l a t i o n  s i n c e  t h e  c o r r e l a t i o n  

i n  t h i s  c a s e  is  no t  a  s i g n i f i c a n t  amount g r e a t e r  than  f o r  t h e  168 

o b s e r v a t i o n s  o r  t h e  193 o b s e r v a t i o n s  and may t h e r e f o r e  b e  a  c o r r e l a t i o n  

t h a t  i s  found i n  a l l  o b s e r v a t i o n s .  The obvious  r e l a t i o n s h i p  involved 

i s  t h a t  a s  horsepower i n c r e a s e s ,  i n i t i a l  investment  i n c r e a s e s  accord-  

i n g l y .  I t  i s  b e l i e v e d  t h a t  t h e  e s t i m a t i o n  of i n i t i a l  investment  c o s t  

d i d  n o t  a f f e c t  t h e  c o r r e l a t i o n s  s i g n i f i c a n t l y ,  b u t  i t  was d i f f i c u l t  t o  

ana lyze .  

I n  c o n t r a s t  t h e  n a t u r a l  gas  w e l l  o b s e r v a t i o n s  showed c o e f f i c i e n t s  

of d e t e r m i n a t i o n  f o r  water  horsepower c o r r e l a t e d  a g a i n s t  i n i t i a l  i n v e s t -  

ment of .24 and .08 compared t o  t h e  .83 and .82 f o r  e l e c t r i c  w e l l  ob- 

s e r v a t i o n s .  The low c o r r e l a t i o n  of i n i t i a l  c o s t  w i t h  P i s  no doubt 

due t o  t h e  s i m i l a r i t y  of t h e  w e l l s  a s  p r e v i o u s l y  d i s c u s s e d .  Because 
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investment and discharge a re  e s s e n t i a l l y  constant  while  l i f t  v a r i e s ,  

t he  c o r r e l a t i o n  r e a l l y  i s  with a  v a r i a b l e  times a  constant  aga ins t  a  

constant  and i s  necessar i ly  low. 



CHAPTER V I  

CONCLUSIONS AND RECOMMENDATIONS 

I n  s p i t e  of a l l  t h e  r e s e r v a t i o n s  t aken  h e r e  t o  t h e  v a l i d i t y  of  

t h e  p r e d i c t i o n  e q u a t i o n s ,  t h e  e q u a t i o n s  d i d  n e v e r t h e l e s s  account  q u i t e  

w e l l  f o r  t h e  c o s t  of pumping w a t e r .  S i n c e  t h e  o b s e r v a t i o n s  encompassed 

f i v e  s t a t e s  and inc luded  a  v a r i e t y  of c o n d i t i o n s  w i t h  wide ranges  i n  

each v a r i a b l e ,  i t  would appear t h a t  t h e  s t u d y  was g e n e r a l  enough t o  

j u s t i f y  i t s  u s e  f o r  e s t i m a t i n g  c o s t s .  

The f a c t o r s  which a r e  impor tan t  t o  c o s t  a s  determined by t h i s  

s t u d y  a r e  i n  o r d e r  of e n t r y  i n  t h e  r e g r e s s i o n  e q u a t i o n s  f o r  each 

s e p a r a t i o n  d e t a i l e d  i n  Tab le  6 .  

So lv ing  t h e  r e l a t i o n s h i p  f o r  l i f t  was an  o b j e c t i v e  of t h i s  

s t u d y ,  b u t  s i n c e  i t  h a s  been shown t h a t  l i f t  a l o n e  i s  n o t  t h e  most i m -  

p o r t a n t  f a c t o r  of c o s t ,  i t  seems unnecessary  t o  do s o .  

P o i n t s  which must be noted which a f f e c t e d  t h e  r e s u l t s  a r e  gener-  

a l l y  summarized by t h e  a n a l y s i s  of t h e  i n p u t  d a t a .  The i n p u t  d a t a  

were h i g h l y  c o r r e l a t e d  and t h e  independent  v a r i a b l e s  d i d  n o t  have 

equa l  common v a r i a n c e s  o r  s l o p e s  f o r  a l l  s e p a r a t i o n s .  A c a s e  of co r -  

r e l a t i n g  a  p a r t  a g a i n s t  a  whole was d i s c o v e r e d .  These f a c t s  t a k e n  

t o g e t h e r  w i t h  t h e  f a c t  t h a t  a n  independent  v a r i a b l e  was e n t e r e d  i n  

many combinat ions  made i t  i m p o s s i b l e  t o  say e x a c t l y  what t h e  i n d i v i d u a l  

e f f e c t  of a  s i n g l e  v a r i a b l e  was. I t  was shown t h a t  t h e  e f f e c t  of a n  

independent  v a r i a b l e  was n o t  i m p o r t a n t  when i t  had a  narrow r a n g e ,  

s i n c e  a  wide range  w i l l  g e n e r a l l y  i n c r e a s e  t h e  c o r r e l a t i o n  between 

v a r i a b l e s .  Such was t h e  c a s e  f o r  t h e  v a r i a b l e s  of d i s c h a r g e  and i n v e s t -  

ment f o r  n a t u r a l  gas  w e l l s  (See Tab les  7-10). 
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From t h e  r e s u l t s  of t h i s  s t u d y  i t  i s  easy  t o  s e e  how a  more 

e x a c t  s t u d y  might b e  conducted.  Although t h e  s t u d y  showed t h a t  c o s t s  

could  b e  accoun ted  f o r  i n  t o t a l  i n  t h i s  manner, i t  was n o t  shown how 

t o  accoun t  f o r  v a r i a b l e  c o s t s .  The h i g h  r e l a t i v e  importance  shown f o r  

t h e  v a r i a b l e  E i n d i c a t e s  t h e  importance  of e v a l u a t i n g  bo th  t h e  d e s i g n  

of  t h e  sys tem and t h e  e f f i c i e n c y  of t h e  sys tem a s  was sugges ted  and 

done by Mi les  and Longenbaugh (25 ) .  Such e v a l u a t i o n s  were  n o t  p o s s i b l e  

i n  t h i s  s t u d y .  

I t  i s  recommended t h a t  f u r t h e r  s t u d i e s  of t h i s  n a t u r e  b e  t a k e n  

from a n  economis t ' s  approach.  With t h i s  approach t h e  r e l a t i o n s h i p  of 

o u t p u t  ( y i e l d )  would b e  r e l a t e d  t o  i n p u t  ( independent  v a r i a b l e s )  

u t i l i z i n g  such f a c t o r s  a s  q u a l i t y  of d e s i g n ,  e f f i c i e n c i e s ,  and o p e r a t o r  

e f f e c t i v e n e s s .  T h i s  would a l l o w  v a r i a b l e s  t o  be  t a k e n  i n t o  accoun t  

which a f f e c t  y i e l d  d i r e c t l y  b u t  c o s t s  o n l y  i n d i r e c t l y .  Perhaps  some 

method could  b e  d e v i s e d  t o  u s e  d imens ion less  pa ramete r s .  

Once t h e  r e l a t i o n s h i p  of i n p u t  t o  o u t p u t  were known, t h e n  t h e  

r e l a t i o n s h i p  of o u t p u t  t o  c o s t s  cou ld  be  de te rmined .  Th i s  t ime proven 

method i s  q u i t e  s i m i l a r  t o  t h e  p r a c t i c e  of d e t e r m i n i n g  p a r t i a l  d e r i v a -  

t i v e s  which a r e  unknown (such a s  t h e  change of a  v a r i a b l e  w i t h  t ime ,  

by using a  r e l a t i o n s h i p  which can  b e  e v a l u a t e d .  For example i f  at) 9 

av ax a v 
- i s  known and - is  known t h e n  - can  b e  e v a l u a t e d  by t h e  r e l a t i o n s h i p  ax a t  a t  

Data  were v e r y  d i f f i c u l t  t o  o b t a i n  f o r  t h i s  s t u d y ,  and t h e  r e -  

s e a r c h e r s  exper ienced  d i f f i c u l t y  i n  f i n d i n g  d a t a  which con ta ined  a l l  

p o i n t s  f o r  a  g iven  o b s e r v a t i o n .  Power companies were h e l p f u l ,  b u t  
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t h e y  do n o t  keep d a t a  a s  complete a s  was needed and a r e  n o t  l e g a l l y  

a l lowed t o  r e l e a s e  i n f o r m a t i o n  i n  d e t a i l  w i t h o u t  i n d i v i d u a l  owner con- 

s e n t .  T h i s  problem was a l s o  encountered i n  a t t e m p t i n g  t o  u s e  d a t a  

g a t h e r e d  f o r  o t h e r  s t u d i e s .  

T h i s  p r o j e c t  was in tended  on ly  a s  a  p i l o t  p r o j e c t  t o  d e t e r m i n e  

what d a t a  a r e  needed f o r  such a  s t u d y  and what might b e  o m i t t e d ,  and 

i t  should  b e  viewed i n  t h a t  l i g h t .  
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