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INTRODUCTION 

For  many deve lop ing  c o u n t r i e s  where a g r i c u l t u r a l  p roduc t i on  rep resen ts  a h i g h  

p r o p o r t i o n  o f  t h e  Domestic Product, ground water  m igh t  w e l l  have macroeconomic 

s i g n i f i c a n c e  i n s o f a r  as i t s  use c o n t r i b u t e s  t o  i n c r e a s i n g  produc t ion ,  income and 

employment, and t o  improv ing  t h e  f o r e i g n  t r a d e  balance. A l though t h i s  does n o t  

apply o n l y  t o  ground water  as such, b u t  t o  water  i n  genera l ,  and indeed t o  t h e  

o t h e r  i n p u t s  o f  a g r i c u l t u r a l  p roduc t ion ,  t h e r e  i s  no doubt t h a t  t h e  r e q u i r e d  

type  o f  economic a n a l y s i s  o f  l a r g e  p r o j e c t s  based on ground wa te r  i n  those 

coun t r i es  must n o t  be the  same as what a p r i v a t e  company commissioned t o  c a r r y  

o u t  and run  the  p r o j e c t  would produce. The induced e f f e c t s  o f  t h e  p r o j e c t  on 

income and employment, cons ide ra t i ons  on i n t e r e s t  r a t e s  app l i cab le ,  c t c . ,  cannot 

be excluded f rom the  ana lys i s ,  b u t  t h i s  i s  a task  reserved f o r  s p e c i a l i s e d  

cconomi s t s .  

Therefore,  i t  i s  undoubtedly the  microeconomic aspects o f  p roduc t i on  which 

a r e  o f  i n t e r e s t  t o  hyd rogeo log is t s  and o t h e r  p r o f e s s i o n a l s  i n  t h i s  f i e l d  and 

p a r t i c u l a r l y  t h e  aspects r e f e r r i n g  t o  p roduc t i on  cos t .  Dec is ions  on t h e  volume 

o f  groundwater p roduc t i on  correspond, accord ing  t o  t h e  s o c i a l  o rder ,  t o  those 

who manage t h i s  resource, who s e t  t he  economic supp ly  on t h e  b a s i s  o f  t h e i r  own 

c o s t  f u n c t i o n s  and t h e  c h a r a c t e r i s t i c s  o f  demand which i s  e x t e r n a l  t o  them. 

Concepts such as optimum p roduc t i on  l e v e l  , produc t ion  expansion processes, 

sca le  economies and o p t i m i z a t i o n  o f  t h e  des ign  and management o f  t h e  

i n s t a l l a t i o n s ,  which i n  microeconomic theo ry  a r e  developed f rom a gener i c  

a b s t r a c t i o n  c a l l e d  " t h e  firm", a re  expounded i n  t h i s  Chapter a p p l i e d  t o  a 

groundwater p roduc t i on  u n i t  c o n s i s t i n g  o f  a w e l l  and t h e  a u x i l i a r y  i n s t a l l a t i o n s  

t o  p lace  t h e  water  on the  ground sur face .  

The Chapter i s  d i v i d e d  i n t o  two sec t i ons .  The f i r s t  p resents  some elementary 

concepts which t h e  reader can study f u r t h e r  i n  any b a s i c  manual o f  economics 

(Lipsey, 1963), and the  second dea ls  s p e c i f i c a l l y  w i t h  ground water.  Continuous 

emphasis has d e l i b e r a t e l y  been p laced on concepts r e l a t i n g  t o  t h e  elements, 

s t r u c t u r e  and u t i l i t y  o f  t h e  c o s t  f unc t i ons ,  on t h e  c o n v i c t i o n  t h a t  these a r e  

t h e  p o i n t s  wh ich  must d e f i n i t i v e l y  be ass im i la ted .  No place, t he re fo re ,  has been 
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g iven  i n  the  Chapter t o  t h e  theo ry  o f  c o s t - b e n e f i t  ana lys i s ,  i n  o r d e r  t o  a v o i d  

excess ive  l eng th ,  and i n  t h i s  respec t  those n o t  f a m i l i a r  w i t h  t h e  s u b j e c t  a r e  

r e f e r r e d  t o  any o f  t h e  e x c e l l e n t  p u b l i c a t i o n s  wh ich  app ly  c o s t - b e n e f i t  a n a l y s i s  

t o  the  f i e l d  o f  water  (Kuiper,  1963). 

SECTION 1: BASIC ECONOMIC CONCEPTS 

1. COST OF PRODUCTION 

L e t  us cons ider  a f i r m  which manufactures a s p e c i f i c  p roduc t  by means o f  a 

c e r t a i n  techno log ica l  process, f o r  which i t  uses i t s  i n s t a l l a t i o n s ,  and c e r t a i n  

p roduc t i on  f a c t o r s  o r  i npu ts ,  such as labour ,  raw m a t e r i a l s ,  energy, goods 

purchased f rom o t h e r  companies, e t c .  The company i s  presumed t o  o rgan ise  i t s  

p roduc t i on  i n  a r a t i o n a l  manner, i . e .  t o  achieve any l e v e l  o f  f i n a l  p r o d u c t i o n  

i t  uses e x a c t l y  the,optimum amounts o f  i n p u t s  deduced f rom i t s  t e c h n o l o g i c a l  

process. 

The t o t a l  c o s t  o f  p roduc t i on  o f  a g i ven  l e v e l  o f  o u t p u t  x, d u r i n g  t h e  p e r i o d  

o f  t ime used f o r  computation, i s  de f i ned  as t h e  monetary va lue  o f  a l l  t h e  i n p u t s  

employed i n  t h e  p e r i o d  t o  o b t a i n  t h e  s a i d  amount. I n  t h e  hypothes is  o f  r a t i o n a l  

o r g a n i s a t i o n  o f  p roduc t ion ,  t o t a l  cost ,  C t ,  i s  a known f u n c t i o n  o f  x, supposedly 

cont inuous and de r i vab le ,  c o n s i s t i n g  o f  two addends, C t  = Co tCv :  

a )  a f i x e d  cos t ,  C o y  independent o f  t he  l e v e l  o f  ou tpu t ,  wh ich  t h e  f i r m  i n c u r r s  

even when i t  remains i n a c t i v e ,  made up o f  t h e  charges r e l a t i n g  t o  t h e  

a v a i l a b i l i t y  and maintenance o f  i t s  i n s t a l l a t i o n s ,  those o f  i t s  permanent s t a f f ,  

and o t h e r  overhead costs;  

b )  a v a r i a b l e  c o s t  Cv ( x ) ,  which grows w i t h  x, due t o  t h e  l a r g e r  use o f  t h e  

va r ious  i n p u t s  necessary. 

F i g u r e  1 shows t h e  usual  shape o f  f u n c t i o n  Cv, s e t t i n g  o u t  f rom t h e  o r i g i n  

w i t h  a decreas ing  s lope  u n t i l  i t  reaches a p o i n t  o f  i n f l e x i o n ,  a f t e r  wh ich  i t  

becomes concave. The t o t a l - c o s t  curve  i s  t h e  same as t h e  p rev ious  one, 

d i sp laced  upwards i n  t h e  Co amount. 

The v a r i a b l e  average c o s t  i s  developed f rom t h e  v a r i a b l e  c o s t  by d i v i d i n g  i t s  

va lue  by t h e  amount o f  t he  product,  cv = Cv/x. Given t h e  shape o f  t h e  Cv curve, 

t h e  v a r i a b l e  average c o s t  decreases u n t i l  x = XI, and grows f rom t h i s  p o i n t  

onwards. 

The t o t a l  average c o s t  i s  s i m i l a r l y  d e f i n e d  f rom t o t a l  cos t ,  c t  = (Co t Cv) /x  

= (Co/x) t cv, i t s  minimum value, x2, be ing  s i t u a t e d  t o  t h e  r i g h t  o f  p o i n t  XI. 

The average o r  u n i t  cos ts  a r e  r e l e v a n t  t o  e s t a b l i s h  t h e  p r o f i t s  o r  l o s s  o f  

t he  f i r m  and t o  take  dec i s ions  on i t s  f u t u r e  l e v e l  o f  a c t i v i t y ,  i . e .  on i t s  

permanence as such and on i t s  o p p o r t u n i t i e s  f o r  expansion. 

As w i l l  be seen, immediate o r  sho r t - t e rm dec is ions  depend on t h e  marg ina l  
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cost,  cmg = dCv/dx = dCt/dx. I n  economic te rm ino logy  i t  i s  common t o  r e f e r  t o  

marginal  c o s t  as be ing  t h e  c o s t  o f  t h e  l a s t  u n i t  produced, a s i m p l i f i c a t i o n  

r e s u l t i n g  f rom r e p l a c i n g  t h e  mathematical  concept o f  d e r i v a t i v e  by  t h e  q u o t i e n t  

o f  increments, Cmg = Acv/Ax, w i t h  Ax = 1, which i s  approx imate ly  v a l i d  when x 

cons is t s  o f  many u n i t s .  
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i i g i ! r c  1.- To ta l  and v a r i a b l e  F i g u r e  2.- Average and marg ina l  cos ts .  
cos ts .  

Return ing  t o  F i g u r e  1, t h e  v a r i a b l e  average cost,  cv i s  g i v e n  b y  t h e  s lope  o f  

t h e  s t r a i g h t  l i n e  j o i n i n g  up t h e  o r i g i n  o f  t h e  coo rd ina tes  w i t h  each p o i n t  o f  

t h e  curve  C,, and t h e  marg ina l  c o s t  by t h e  s lope o f  t h e  tangent  t o  cu rve  Cv a t  

each o f  i t s  p o i n t s .  Both s lopes a re  equal when Cv/x = dCv/dx, t h e  same 

express ion  ob ta ined  when de termin ing  t h e  minimum o f  t h e  v a r i a b l e  average cos t ,  

dcv;dx = 0. Consequently, t h e  marg ina l  c o s t  curve  passes th rough t h e  minimum o f  

cv and the  same ho lds  f o r  t h e  minimum o f  t h e  t o t a l  average cos t ,  c t  ( F i g .  2 ) .  

2. CAPITAL, CREDIT AND INTEREST RATE 

2.1. Economic Concept o f  Cap i ta l  I 
The term c a p i t a l  has severa l  meanings i n  economics, a l l  o f  them r e f e r r i n g  t o  

something possessed and used by a company, an e n t i r e  p r o d u c t i v e  sec to r ,  o r  even 

a na t i on .  I t  i s  o f  i n t e r e s t  here t o  s t r e s s  t h e  s t r i c t l y  economic meaning o f  

c a p i t a l ,  d e f i n e d  as t h a t  s e t  o f  p r e v i o u s l y  produced goods a p p l i e d  by t h e  

company, t h e  sec to r  o r  t h e  n a t i o n  i n  t h e  p r o d u c t i o n  processes wh ich  they  

undertake. 

Thus, c a p i t a l  i s  a p roduc t i on  f a c t o r  and, indeed, a l l  t h e  f a c t o r s  except  

l abour  and n a t u r a l  resources a r e  c a p i t a l  goods. Two ca tegor ies  o f  c a p i t a l  goods 

a re  d i s t i n g u i s h e d :  c i r c u l a t i n g  c a p i t a l ,  made up o f  goods wh ich  d isappear  o r  a r e  
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ex t ingu ished  i n  each p roduc t i on  c y c l e  (energy,  some raw m a t e r i a l s ,  

semi-manufactured goods which a re  t ransformed, e t c .  ) ,  and f i x e d  c a p i t a l ,  made up 

of those goods which remain ove r  severa l  per iods ,  wh ich  a r e  n o t  e x t i n g u i s h e d  i n  

t h e  process o r  p h y s i c a l l y  i nco rpo ra ted  i n t o  t h e  f i n a l  p roduc t ,  b u t  wh ich  undergo 

a l o s s  o f  va lue  as a consequence o f  t h e i r  use and age. T h i s  ca tegory  i n c l u d e s  

b u i l d i n g s  and o t h e r  i n f r a s t r u c t u r e  elements, as w e l l  as machinery and o t h e r  

movable i t ems  owned by t h e  company. It i s  common t o  l i m i t  t h e  use o f  t h e  te rm 

c a p i t a l  t o  r e f e r  o n l y  t o  goods making up t h e  f i x e d  c a p i t a l .  

I n s o f a r  as i t  i s  a produced good, c a p i t a l  proceeds f rom labour ,  f rom n a t u r a l  

resources  and f rom o t h e r  p r e - e x i s t i n g  c a p i t a l  goods and, consequent ly ,  i n  t h e  

l a s t  i ns tance  c a p i t a l  proceeds f rom an accumula t ion  o f  l a b o u r  a p p l i e d  t o  n a t u r a l  

resources. However, f o r  t h i s  t ype  o f  goods t o  be c rea ted  o r  produced i n  a 

s o c i e t y  o r  n a t i o n  n o t  be ing  devoted t o  t h e  d i r e c t  consumption o f  i t s  

i n d i v i d u a l s ,  i t  i s  necessary t h a t  some o f  them renounce d e d i c a t i n g  a p a r t  o f  

t h e i r  income t o  a c q u i r i n g  consumer goods; i f  a l l  i n d i v i d u a l s  and o r g a n i z a t i o n s  

devoted t h e i r  s a l a r i e s  and o t h e r  income t o  t h e  purchase o f  food, c l o t h i n g ,  

t r a n s p o r t  se rv i ces ,  hea l th ,  l e i s u r e ,  e t c . ,  t h e r e  would be no manufac ture  o f  

du rab le  goods necessary t o  m a i n t a i n  o r  i nc rease  t h e  l e v e l  o f  p roduc t i on .  

These renouncements o f  immediate consumption c o n s t i t u t e  sav ings ,  t h e  

ex i s tence  o f  which makes i t  p o s s i b l e  t o  c r e a t e  c a p i t a l ,  known as inves tment .  

Cap i ta l  inc reases  t h e  p r o d u c t i v i t y  o f  l a b o u r  and p l a y s  an impor tan t  r o l e  i n  

economic development, i .e . ,  i n  t h e  expansion o f  t h e  p r o d u c t i o n  c a p a c i t y  o f  a 

s o c i e t y .  I t  has a l s o  been seen t h a t  t h e  b a s i c  c o n d i t i o n  o f  access t o  c a p i t a l  i n  

c a p i t a l i s t  systems c o n s i s t s  o f  t h e  ex i s tence  o f  a s i g n i f i c a n t  number o f  

i n d i v i d u a l s  who have a l ready  covered t h e i r  consumption needs, p r e c i s e l y  t h e  

s i t u a t i o n  wh ich  does n o t  occur  i n  those s o c i e t i e s  known as “deve lop ing” ;  i n  

c o u n t r i e s  w i t h  c e n t r a l i s e d  o r  planned economies, sav ings  can be imposed by t h e  

Sta te ,  which decides on t h e  consumer and c a p i t a l  goods t o  be  produced. Owing t o  

t h i s  c r u c i a l  r o l e  o f  c a p i t a l ,  i t  i s  adv i sab le  t o  become f a m i l i a r  w i t h  t h e  r a t i o s  

no rma l l y  used t o  assess t h e  degree o f  need f o r  c a p i t a l  i n  an economic s e c t o r  o r  

f o r  a s p e c i f i c  p r o j e c t .  

1) C a p i t a l  c o e f f i c i e n t ,  q u o t i e n t  between t h e  monetary va lue  o f  c a p i t a l  goods 

omployed i n  p r o d u c t i o n  and t h e  volume o f  annual p r o d u c t i o n  i n  p h y s i c a l  u n i t s .  

2 )  Cap i ta l -p roduc t ,  i d e n t i c a l  t o  t h e  above, b u t  v a l u e i n g  t h e  p r o d u c t i o n  i n  

These r a t i o s  a re :  

monetary u n i t s .  

3 )  C a p i t a l  i n t e n s i t y ,  q u o t i e n t  between t h e  monetary va lue  o f  t he  cap i  

used by a company o r  p roduc t i on  s e c t o r  and t h e  number o f  j o b s  d i r e c t l y  

t h e  company o r  sec to r .  

2.2. C r e d i t  

C r e d i t  i s  t h e  name g i ven  t o  eve ry  o p e r a t i o n  o f  economic exchange 

a1 goods 

i n k e d  t o  

i n  wh ich  
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t he re  i s  no s i m u l t a n e i t y  between t h e  moment o f  t h e  p r o v i s i o n  and t h a t  o f  t h e  

r e c e i p t ,  t he  l a t t e r  t a k i n g  p lace  a f t e r  a te rm much l o n g e r  than t h a t  r e q u i r e d  f o r  

t he  a c t  o f  exchange i t s e l f .  The goods exchanged can be o f  t h e  same n a t u r e  

( d e l i v e r y  o f  a sum o f  money and subsequent repayment o f  t h e  amount agreed) o r  

d i f f e r e n t  ( d e l i v e r y  o f  goods aga ins t  d e f e r r e d  payment). 

C r e d i t  i s  t h e  i ns t rumen t  which channels sav ings  towards inves tment .  The 

owners o f  money, d i r e c t l y  o r  th rough t h e  banking se rv i ce ,  p lace  i t  a t  t h e  

d isposa l  o f  those companies who w ish  t o  purchase c a p i t a l  goods. Once t h e  l o a n  

has been made, the  company buys o r  commissions t h e  manufacture o f  t h e  d e s i r e d  

c a p i t a l ,  be ing  o b l i g e d  t o  repay t h e  amount(s) n e g o t i a t e d  t o  t h e  l ender .  

It i s  sho r t - t e rm c r e d i t  o r  commercial c r e d i t  ( f o r  pe r iods  o f  months) t h a t  

f inances  the  purchase o f  c i r c u l a t i n g  c a p i t a l .  Medium-term c r e d i t  ( f o r  a few 

years )  i s  used t o  buy c a p i t a l  goods and machinery, w h i l e  long- te rm c r e d i t  ( f i v e  

t o  f i f t e e n  o r  twenty yea rs )  i s  kep t  t o  f i nance  more du rab le  f i x e d  c a p i t a l  

( b u i l d i n g s  and o t h e r  f i x e d  i n s t a l l a t i o n s ) .  

2.3. I n t e r e s t  and D iscount  Rate 

The ex i s tence  o f  c r e d i t  markets, t o  which p r i v a t e  savers and f i n a n c i a l  

i n s t i t u t i o n s  go t o  o f f e r  money, and companies, domest ic economies and t h e  S t a t e  

i t s e l f  go t o  seek funds, se ts  a p r i c e  f o r  t h e  use o f  money. Th is  p r i c e  i s  known 

as i n t e r e s t ,  t h e  amount o f  which depends on t h e  term, t h e  i n h e r e n t  r i s k  o f  t h e  

business t o  wh ich  i t  r e l a t e s ,  and t h e  l e g a l  guarantee o f  t h e  c o n t r a c t .  The 

i n t e r e s t  r a t e  i s  an economic parameter on which t h e  S t a t e  d e l i b e r a t e l y  a c t s  by  

means o f  t h e  ins t ruments  o f  monetary p o l i c y .  

I n t e r e s t  as payment f o r  t he  use o f  money i s  d e f i n e d  as a percentage r a t e  

corresponding t o  a c e r t a i n  i n t e r v a l  o f  t ime, no rma l l y  one yea r .  I f  Mo i s  t h e  

amount l e n t ,  M t  t he  amount t o  be r e p a i d  a f t e r  t i n t e r v a l s ,  and r t h e  i n t e r e s t ,  

t he  expressions l i n k i n g  these values are,  depending on t h e  system used: 

s imple i n t e r e s t :  M t  = Mo (1 + r t )  

compound i n t e r e s t :  M t  = Mo (1 t r )  

cont inuous i n t e r e s t :  Mt = Mo ert 

somewhat s i m i l a r  terms, t h e  l a t t e r  be ing  used 

t o  up-date t o  t h e  present  moment t h e  va lue  o f  an amount a v a i l a b l e  i n  f u t u r e  

t ime, M t  = Mo (1 + r ) - t  i f ,  as i s  usual ,  t h e  compound system i s  employed. 

t h a t  i n t e r e s t  must 

be considered i n  f i n a n c i a l  ana lys i s ,  w h i l e  t h e  d i scoun t  r a t e  i s  used i n  

equivalence c a l c u l a t i o n s  comparing a l t e r n a t i v e  p r o j e c t s .  The r a t e  i s  a va lue  

judgement based on a compromise between p resen t  consumption and c a p i t a l  

f o rma t ion  f rom the  v iewpo in t  o f  t he  d e c i s i o n  maker. F o r  p u b l i c  inves tments  t h i s  

means the  v iewpo in t  o f  t he  people as a whole, i d e a l l y  seek ing  t o  maximize t o t a l  

s o c i a l  we l fa re ,  and many op in ions  have been expressed on what i s  t h e  b e s t  

t 

I n t e r e s t  and d i scoun t  r a t e  a re  

The d i f f e r e n c e  between t h e  two concepts l i e s  i n  t h e  f a c t  
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d iscoun t  r a t e  from t h e  p u b l i c ' s  p o i n t  o f  v iew (James and Lee, 1971). But i n  

p r i v a t e  investment dec is ions,  t he  d i scoun t  r a t e  must be equal t o  t h e  market 

i n t e r e s t .  

I n  the  manner i n  which t h e  concept o f  i n t e r e s t  has been in t roduced  here, i t  

would be a p u r e l y  monetary phenomenon, d e r i v e d  f rom the  money market.  There i s  

a l s o  an exp lana t ion  i n  terms o f  r e a l  economics: companies d e s i r e  t o  purchase 

c a p i t a l  goods because they expect  t o  o b t a i n  p r o f i t s  i n h e r e n t  t o  t h e  i nc rease  i n  

p r o d u c t i v i t y  t h a t  c a p i t a l  imp l i es ,  thus r e s u l t i n g  i n  a w i l l i n g n e s s  t o  pay f o r  

t he  use o f  o ther 's  funds. Furthermore, t h e  l e v e l  o f  p resen t  consumption t h a t  

i n d i v i d u a l s  decide t o  s a c r i f i c e  ( sav ings )  i s  determined by t h e  remunerat ion 

which they o b t a i n  as lenders.  t h i s  way i n t e r e s t  i s  r e l a t e d  t o  t h e  marg ina l  

p r o d u c t i v i t y  o f  c a p i t a l ,  i .e., t o  i t s  c a p a c i t y  t o  generate a d d i t i o n a l  weal th .  

Consequently, d i s rega rd ing  the  ex i s tence  o f  d i f f e r e n t  c r e d i t  markets 

depending on the  term and guarantee o f  t h e  loan, and o f  s t a t e  i n t e r v e n t i o n  

through i t s  monetary po l i cy ,  i t  would have t o  be admi t ted  (even i f  i n  a somewhat 

vague and general  manner) t h a t  t h e  market i n t e r e s t  r a t e  must be ve ry  much 

r e l a t e d  t o  t h e  p o t e n t i a l  growth o f  t he  economy based on investment.  I t  i s  

obvious t h a t  on a n a t i o n a l  scale,  o r  even o f  t he  d i f f e r e n t  p roduc t i on  sectors ,  

t h i s  p o t e n t i a l  i s  g e n e r a l l y  expressed i n  annual r a t e s  o f  one s i n g l e  d i g i t  p e r  

cent, and y e t  t he re  a re  many c o u n t r i e s  i n  which t h e  i n t e r e s t  r a t e s  r u n  t o  two 

d i g i t s .  

I n  a coun t ry  w i t h  

an annual i n f l a t i o n  o f  8%, i f  nominal o r  monetary i n t e r e s t  i s  14%, t h e  r e a l  

i n t e r e s t  would be 6%, a f a c t  which must be remembered when s e t t i n g  c r i t e r i a  f o r  

c o s t  es t ima t ion .  

I n  

Th is  divergence i s  ma in l y  due t o  the  e f f e c t  o f  i n f l a t i o n .  

3. THE COST OF CAPITAL 

F i xed  c a p i t a l  i s  a p roduc t i on  f a c t o r  o f  t he  t ype  which i s  n o t  i nco rpo ra ted  

t o t a l l y  o r  p a r t i a l l y  i n t o  t h e  f i n a l  product ,  n o r  i s  i t  consumed o r  ex t i ngu ished  

i n  t h e  process, as occurs w i t h  hours o f  work o r  raw m a t e r i a l s .  However, i t s  

va lue  d imin ishes ove r  t ime as a r e s u l t  o f  aging, i t s  p rog ress i ve  i n f e r i o r i t y  t o  

p r o v i d e  s e r v i c e  due t o  techno log ica l  innovat ions,  o r  s imp ly  because the  economic 

a c t i v i t y  f o r  which i t  was used ceases t o  e x i s t .  t he  

use fu l  l i f e  o f  a c a p i t a l  good as t h e  p e r i o d  o f  t i m e  a f t e r  which i t  i s  reasonable 

t o  assume t h a t  t he  equipment o r  investment  i s  worn o u t  o r  obso le te .  

When a f i r m  computes i t s  annual p roduc t i on  costs,  i t  makes an annual 

a l lowance f o r  t he  d e p r e c i a t i o n  o f  each c a p i t a l  good. The purpose o f  these 

allowances i s  t o  b u i l d  up a fund which a l l ows  t h e  same i t e m  t o  be rep laced  a t  

t he  end o f  i t s  use fu l  l i f e  o r  d e p r e c i a t i o n  pe r iod :  

Thus the  concept a r i s e s  o f  
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A = annual a l lowance i n  case o f  cons tan t  dep rec ia t i on ;  C = purchase va lue  o f  t h e  

c a p i t a l  good; r = i n t e r e s t  r a t e ;  n = u s e f u l  l i f e .  

i f  t h e  n 

successive a n n u i t i e s  a re  p laced i n  t h e  f i n a n c i a l  marke t  a t  i n t e r e s t  r a t e  - r, t h e  

f i r m  would e v e n t u a l l y  r e c e i v e  t h e  amount C (1 + r ) n ,  an amount i d e n t i c a l  t o  t h a t  

wh ich  i t  would have ob ta ined  by p l a c i n g  amount C f rom t h e  s t a r t ,  i n s t e a d  o f  

purchasing t h e  c a p i t a l  good. 

Thus, t h e  c o s t  o f  t h e  c a p i t a l  i s  an o p p o r t u n i t y  cos t ,  o f  t h e  o p p o r t u n i t y  o f  

p r o f i t s  l o s t  when t h e  d e c i s i o n  was taken t o  devote funds t o  a s p e c i f i c  

investment,  renouncing any o t h e r  which presumably had a guaranteed y i e l d  a t  r a t e  

r. 

The annu i t y  o f  economic d e p r e c i a t i o n  shou ld  n o t  be confused w i th  t h e  annual 

amount o f  f i n a n c i a l  a m o r t i z a t i o n  o f  t h e  l o a n  which t h e  company m i g h t  have taken 

t o  buy t h e  good be ing  deprec ia ted .  

a )  t he  l o a n  m igh t  o r  m igh t  n o t  e x i s t ,  depending on t h e  f i n a n c i a l  c a p a c i t y  o f  t h e  

company, w h i l e  the  need f o r  economic d e p r e c i a t i o n  always e x i s t s .  

b )  The term o f  f i nance  i s  u s u a l l y  cons ide rab ly  s h o r t e r  than t h e  u s e f u l  l i f e  o f  

t h e  c a p i t a l  purchased. F i n a n c i a l  a m o r t i z a t i o n  i s  a l e g a l  o b l i g a t i o n  de r i ved  

f rom a l oan  c o n t r a c t  which m igh t  be renewed d u r i n g  t h e  l i f e  o f  t h e  inves tment  

f i nanced. 

c )  The i n t e r e s t  r a t e  o f  t he  l o a n  may be lower  than t h e  c u r r e n t  marke t  r a t e ,  

owing t o  governmental suppor t  o f  t h e  s p e c i f i c  economic a c t i v i t y  i nvo l ved ,  b u t  

market r a t e s  should be used t o  assess r e a l  cos ts .  

One l a s t  p o i n t  should be made r e l a t i n g  t o  t h e  use o f  t h e  market i n t e r e s t  r a t e  

t o  c a l c u l a t e  t h e  c o s t  o f  c a p i t a l  when t h e  economic system i s  s u f f e r i n g  a 

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

r a t e  o f  i n f l a t i o n  w i t h i n  i t s e l f ,  i f  t h e  i n f l a t i o n  r a t e  does n o t  v a r y  over  t ime,  

the  c o s t  o f  d e p r e c i a t i o n  i s  always t h e  r e s u l t  o f  ( l ) ,  and i t  i s  n o t  c o r r e c t  t o  

up-date i t  each yea r  by cur rency  deva lua t i on .  The p r a c t i c e  o f  up -da t ing  t h e  

annu i t y  would be c o r r e c t  i f  t h e  r e a l  i n t e r e s t  ra te ,  d i s c o u n t i n g  t h e  i n f l a t i o n  

r a t e ,  were used as t h e  va lue  o f  r. 

The j u s t i f i c a t i o n  o f  t he  va lue  o f  A i s  based on t h e  assumption t h a t  

- 

They a r e  d i f f e r e n t  concepts, s ince :  

4.  THE VALUE, COST AND PRICE OF A GOOD 

Ku iper  (1971) g i ves  a ve ry  c l e a r  example t o  show t h e  d i f f e r e n c e  

so may be v e r y  h igh .  

between t h e  

concepts o f  va lue  and cos t :  "It may c o s t  no th ing  t o  l i f t  wa te r  o u t  o f  a c l e a r  

stream and d r i n k  it, w h i l e  t h e  va lue  o f  do ing  I t may c o s t  

a g r e a t  deal t o  pump water  t o  t h e  t o p  o f  a mountain, and t h e  va lue  o f  do ing  so 

may be nex t  t o  no th ing " .  

The va lue  o f  a good i s  t h e  monetary e s t i m a t i o n  t h a t  each i n d i v i d u a l  o r  

economic u n i t  ass igns  t o  t h e  s a t i s f a c t i o n  o r  t h e  u t i l i t y  wh ich  t h e  use o r  

consumption o f  t he  good p rov ides  t o  him. More p r e c i s e l y ,  t h e  va lue  may be 
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d e f i n e d  as t h e  maximum amount o f  money an i n d i v i d u a l  would pay t o  o b t a i n  one 

u n i t  o f  t he  good. Thus, va lue  i s  e s s e n t i a l l y  sub jec t i ve ,  because i t  depends on 

t h e  i n d i v i d u a l  -s  system o f  p re fe rences ,  and on t h e  amounts possessed o f  t h e  

o t h e r  goods. 

P r i c e  i s  a m e r c a n t i l e  concept wh ich  i m p l i e s  t h e  e x i s t e n c e  o f  a marke t  f o r  t h e  

goods, i n  wh ich  i t  can be exchanged f o r  money, and t h e  p r i c e  i s  t h e  amount 

ob ta inab le  i n  money f o r  each u n i t  o f  t h e  goods. 

and u t i l i t y ,  

and by aggregat ing  a l l  i n d i v i d u a l  demands one can o b t a i n  o v e r a l l  demand f o r  t h e  

The concept o f  i n d i v i d u a l  demand i s  d e r i v e d  f rom those o f  va lue  

good, de f i ned  as t h e  amounts 

t ime  u n i t  a t  d i f f e r e n t  p r i c e s  

t 

o f  t h e  s a i d  good t h a t  buyers  o v e r a l l  would buy p e r  

( cu rve  D o f  F i g .  3 ) .  

I 
I 
I 

;a X 
c 

UNITS OF PRODUCT/ Y E A R  

F i g u r a  3 . -  Market supp ly  and demand. 

S i m i l a r l y ,  o v e r a l l  supp ly  by t h e  companies produc ing  t h e  goods i s  d e f i n e d  as 

t h e  amounts o f  t h e  goods t h a t  t h e  s u p p l i e r s  o v e r a l l  would produce pe r  t i m e  u n i t  

a t  d i f f e r e n t  p r i c e s  ( cu rve  S i n  F i g .  3 ) .  The f u n c t i o n  o f  t h e  marke t  i s  t o  

e s t a b l i s h  t h e  balance between supp ly  and demand wh ich  occurs  f o r  amount Q a t  

p r i c e  p. 

N a t u r a l l y ,  i n d i v i d u a l  supp ly  and consequent ly  o v e r a l l  supply,  i s  determined 

by t h e  c o s t s  o f  t h e  goods, i . e .  by  t h e  monetary va lue  o f  t h e  i n p u t s  necessary 

f o r  i t s  p roduc t ion ,  which i n  t u r n  i m p l i e s  t h e  e x i s t e n c e  o f  p r i c e s  and markets 

f o r  those i n p u t s .  

I t  i s  p o s s i b l e  t o  add s t i l l  f u r t h e r  t o  t h e  con fus ion  on t h e  above concepts by 

cons ide r ing  t h a t  t h e  p r i c e s  o f  t h e  i n p u t  f a c t o r s  depend on t h e i r  p r o d u c t i v i t y  

and on t h e  p r i c e s  o f  t h e  goods manufactured w i t h  them. I t i s  n o t  i n tended  t o  

end t h i s  Sec t i on  w i t h  t h e  unnecessary a t tempt  t o  condense a course  i n  

microeconomic theory ;  f o r  t h i s  reason, t h i s  i dea  w i l l  n o t  be developed f u r t h e r .  

I t  has been r a i s e d  t o  i n d i c a t e  t h a t ,  a l t hough  t h e  p r i c e ,  t h e  d i f f e r e n t  values, 

and t h e  d i f f e r e n t  c o s t s  o f  a good a re  e s s e n t i a l l y  d i f f e r e n t  concepts, t h e i r  

r e s p e c t i v e  magnitudes a re  r e l a t e d  th rough a complex network o f  balances i n  t h e  
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markets o f  a l l  t he  goods s u b j e c t  t o  economic t r a f f i c .  

SECTION 2: ECONOMIC ASPECTS OF GROUND WATER 

1. THE VALUE OF GROUND WATER AND ITS OPTIMAL PRODUCTION LEVEL 

I n  t h i s  s e c t i o n  ground water  i s  cons idered f rom t h e  v i e w p o i n t  o f  i t s  

p roduc t ion ,  unders tand ing  t h a t  t h i s  has been done when t h e  wa te r  has been 

m o b i l i s e d  f o r  a p p l i c a t i o n  t o  any a c t i v i t y .  Cons ide ra t i on  w i l l  n o t  be g i ven  t o  

i t s  poss ib le  va lue  as a n a t u r a l  resource  s t o r e d  i n  t h e  ground, capable o f  f u t u r e  

use, o r  kep t  i n  reserve  f o r  use i n  p o s s i b l e  pe r iods  o f  drought.  

The va lue  o f  t h i s  resource  as a suppor t  f o r  an e c o l o g i c a l  environment w i l l  

n o t  be contemplated here e i t h e r ,  which i s  t he  case o f  many impor tan t  wet lands, 

n o r  w i l l  t he  u t i l i t i e s  which by remain ing  i n  t h e  ground i t  may p r o v i d e  t o  t h e  

users o f  t he  r i v e r s  i n t o  which i t  f l ows  n a t u r a l l y ,  once i t  does r i s e  t o  t h e  

r i v e r .  Ground water w i thdrawals  induce nega t i ve  economic e f f e c t s  on o t h e r  

pumpers, on downstream users  and perhaps on t h e  e c o l o g i c a l  environment, 

genera t i ng  what a re  known as ex te rna l  c o s t s  o r  e x t e r n a l  diseconomies. Unless 

a d m i n i s t r a t i v e  measures a r e  i n t roduced  t o  c o r r e c t  these e f f e c t s ,  these 

diseconomies a r e  n o t  taken i n t o  account by those who pump o u t  water ,  as an 

a d d i t i o n a l  c o s t  o r  as a r e d u c t i o n  i n  t h e  f i n a l  va lue  o f  t h e  ground water  

produced. 

Under these premises, t h e  uses o f  water  wh ich  shou ld  be taken  i n t o  

cons ide ra t i on  a r e  urban o r  domestic, a g r i c u l t u r a l  and some i n d u s t r i a l  ones. I n  

t h e  f i r s t  case, i t  i s  a good which i s  a p p l i e d  d i r e c t l y  f o r  consumption. I n  t h e  

o t h e r  two cases, water  i s  a p roduc t i on  f a c t o r ,  an i n te rmed ia te  good wh ich  

i n te rvenes  i n  t h e  o b t e n t i o n  o f  another,  f i n a l  good. 

1.1. Mun ic ipa l  Use 

I t  i s  w e l l  known t h a t  demand f o r  water  by an urban community depends on t h e  

number o f  i n h a b i t a n t s ,  t h e i r  income l e v e l  , t h e  c l ima te ,  p o p u l a t i o n  d e n s i t y  and 

o t h e r  p lann ing  parameters, and on t h e  p r i c e  o f  purchase. Numerous s t u d i e s  

undertaken i n  i n d u s t r i a l i s e d  c o u n t r i e s  have proved t h a t  t h e  s e n s i t i v i t y  o f  

demand t o  t h e  p r i c e  o f  water  i s  ve ry  smal l  o r  zero, except  i n  r e s i d e n t i a l  areas 

where p r i v a t e  gardens and lawns a re  common. 

t h e  amount o f  water  a v a i l a b l e  i s  v e r y  smal l ,  peop le  

would be prepared t o  pay a v e r y  h i g h  p r i c e  f o r  it, t h a t  t h e i r  w i l l i n g n e s s  t o  pay 

w i l l  remain h i g h  u n t i l  c e r t a i n  e s s e n t i a l  needs a r e  s a t i s f i e d  and, t h a t  beyond an 

ample supply, people a r e  sca rce l y  prepared t o  pay f o r  i t . 

Data a re  b a r e l y  a v a i l a b l e  t o  measure t h e  va lue  o f  wa te r  f o r  domest ic use, t o  

q u a n t i f y  i t s  u t i l i t y  i n  monetary u n i t s ,  s i n c e  u s u a l l y  t h e r e  a r e  no f r e e  markets 

I t may be s t a t e d  t h a t  i f  
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f o r  water.  The supp ly  s e r v i c e  opera tes  under a system o f  pub l  

monopoly, w i t h  t a r i f f s  c o n t r o l  l e d  by t h e  publ  i c  a u t h o r i t i e s  and 

a re  s e t  i n  accordance w i t h  severa l  c r i t e r i a  i n c l u d i n g  t h a t  o f  cos t  

The fo rego ing  statement i s  genera l  and o b j e c t i v e l y  t r u e .  

c o r  p r i v a t e  

these t a r i f f s  

Never the less ,  

s i t u a t i o n s  do e x i s t  where t h e r e  i s  a known va lue  f o r  t h e  ground wa te r  d e s t i n e d  

f o r  urban use, as i n  t h e  case o f  o p e r a t i n g  one o r  severa l  w e l l s  and s e l l i n g  t h e  

water  under c o n t r a c t  t o  t h e  company r e s p o n s i b l e  f o r  t h e  mun ic ipa l  supply;  t h e  

f o l l o w i n g  paragraph e x p l a i n s  how t o  de termine t h e  optimum l e v e l  o f  e x t r a c t i o n .  

1 .2 .  A g r i c u l t u r a l  and I n d u s t r i a l  Uses 

I n  these cases demand f o r  wa te r  i s  a demand d e r i v e d  f rom t h a t  f o r  t h e  f i n a l  

good produced, i . e .  t h e  va lue  o f  t h e  wa te r  depends on t h e  p r i c e  o f  t h e  f i n a l  

good produced, on t h e  p r i c e s  o f  t h e  o t h e r  i n p u t s  (seeds, f e r t i l i z e r s ,  e t c . )  and 

on t h e  p r o p o r t i o n s  i n  wh ich  t h e  i n p u t s  a r e  combined. 

I n  some spec ia l  areas o f  a few c o u n t r i e s  t h e r e  a re  marke ts  f o r  ground water,  

i n  t h e  sense t h a t  t h e r e  e x i s t s  an impor tan t  commercial a c t i v i t y  r e l a t i n g  t o  t h e  

water,  wh ich  can be brought  t o  d i f f e r e n t  p laces  f o r  t h e  i r r i g a t i o n  o f  l ands  

which do n o t  possess water  and w i s h  t o  buy it. The p r i c e s  i n  these markets 

r e f l e c t  t h e  va lue  o f  t h e  wa te r  i n  these s p e c i f i c  a reas .  

I f  the  p r i c e  o f  water  i n  one o f  these marke ts  i s  p, t h e  amount o f  t h e  

resource  t o  be pumped f rom a s p e c i f i c  w e l l ,  W ,  i s  determined by max imis ing  t h e  

p r o f i t  f u n c t i o n :  B(w) = w.p - C t ,  where C t  i s  t h e  t o t a l  c o s t  o f  e x t r a c t i o n .  

The c o n d i t i o n  o f  maximum p r o f i t ,  dB/dw = 0 y i e l d s  p = cmg, t h e  e q u a l i t y  

between t h e  p r i c e  and t h e  marg ina l  c o s t  a t  t h e  optimum p o i n t ,  A (F ig .  4 ) :  

I I W(m3/YEAR 1 

F i g u r e  4.- Optiinal p r o d u c t i o n  ( i i x c d  p r - i c e )  

I t  i s  normal p r a c t i c e  f o r  fa rmers  and i n d u s t r i a l  companies t o  ope ra te  t h e i r  
own we l l s ,  e x t r a c t i n g  t h e  q u a n t i t y  o f  wa te r  which they  cons ide r  app rop r ia te .  I f  

they  were asked what va lue  they  ass ign  t o  each c u b i c  met re  o f  wa te r  used, v e r y  
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few o r  none would p resen t  a f i g u r e .  Most o f  them c o u l d  c a l c u l a t e  t h e  r e s i d u a l  

p r o f i t  ob ta ined  i n  t h e i r  i n s t a l l a t i o n s ,  s u b t r a c t i n g  a l l  t h e  c o s t s  f rom t h e  

revenues ( labour ,  d e p r e c i a t i o n  o f  machinery, f u e l  and energy, f e r t i l i z e r s ,  

seeds, e t c . ) ,  which o v e r a l l  may be a t t r i b u t e d  t o  t h e  possession o f  t h e  l a n d  and 

t h e  water, and t o  t h e i r  management as a businessman. T h i s  i s  why t h e  va lue  o f  

t h e  water  p roves  i nde te rm ina te  o r  depends on s u b j e c t i v e  c r i t e r i a ,  and t h a t  

optimum e x t r a c t i o n  cannot be achieved as s imp ly  as i n  t h e  schematic manner o f  

F i g u r e  4.  

p r o f i t ,  a fa rmer  

who owns a p iece  o f  l a n d  must app ly  an amount o f  wa te r  p e r  hec ta re  such t h a t  t h e  

marg ina l  p r o d u c t i v i t y  o f  t he  water  i s  equal  t o  t h e  marg ina l  c o s t  o f  t h e  water, 

d i v i d e d  by t h e  p r i c e  o f  t h e  a g r i c u l t u r a l  p roduc t .  I f  F(w) i s  t h s  y i e l d  o r  

p r o d u c t i v i t y  f u n c t i o n  p e r  hec ta re  depending on t h e  wa te r  app l i ed ,  p t h e  p r i c e  o f  

t h e  crop, and F* (w)  = d F(w)/dw, t h e  fo rego ing  i s  e q u i v a l e n t  t o :  

Economic theo ry  demonstrates t h a t ,  i n  o r d e r  t o  maximize h i s  

As t h e  marg ina l  p r o d u c t i v i t y ,  F'(w), i s  a f u n c t i o n  o f  t h e  water  app l ied ,  w, 

and t h e  marg ina l  c o s t  o f  t h e  water  depends on t h e  pumping d ischarge,  wh ich  i n  

i t s  t u r n  i s  a f u n c t i o n  o f  w and o f  t h e  t o t a l  su r face  area  o f  c u l t i v a t i o n ,  t h e  

r e s u l t  i s  t h a t  t h e  optimum supp ly  f o r  a p i e c e  o f  l a n d  depends on i t s  s i z e .  The 

va lue  which shou ld  be a t t r i b u t e d  t o  wa te r  t o  de termine t h e  optimum l e v e l  o f  

e x t r a c t i o n ,  wh ich  i n  t h e  example o f  F i g u r e  4 was a s i n g l e  and d e f i n i t e  amount 

(p ) ,  i s  i n  t h i s  case a v a r i a b l e  depending on t h e  ci rcumstances o f  each 

e x p l o i t a t i o n ;  fu r thermore ,  i t s  de te rm ina t ion  ( 2 )  i s  complex, because i t  i s  

necessary t o  know f u n c t i o n  F (w) .  

2.  GROUND WATER PRODUCTION COSTS 

Th is  s e c t i o n  descr ibes  t h e  v a r i a b l e s  de te rm in ing  t h e  c o s t  f u n c t i o n s  o f  ground 

water  us ing  an a n a l y t i c  approach which a l l ows  genera l  conc lus ions  t o  be drawn 

wh ich  app ly  t o  a l l  s p e c i f i c  s i t u a t i o n s .  A gener i c  w e l l  w i l l  be t h e  u n i t  o f  

a n a l y s i s  on t h e  assumption t h a t  t he  p roduc t i on  process concludes when t h e  wa te r  

i s  b rought  t o  t h e  ground sur face .  Other subsequent a c t i v i t i e s ,  such as q u a l i t y  

t rea tment ,  t r a n s p o r t  o r  d i s t r i b u t i o n ,  a r e  n o t  s p e c i f i c  t o  ground wa te r  and, 

consequent ly,  w i l l  n o t  be taken i n t o  cons ide ra t i on .  The r e f e r e n c e  p e r i o d  o f  

t ime s e t  f o r  t h e  c a l c u l a t i o n  o f  cos ts  w i l l  be one yea r .  

2.1. F i xed  Costs 

The f o l l o w i n g  may be taken t o  be c o s t s  independent o f  t h e  amount o f  wa te r  

ex t rac ted :  

a )  Deprec ia t i on  o f  Investments:  t h e  w e l l  pump and p i p i n g  gear, engine, h i g h  
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t e n s i o n  e l e c t r i c i t y  l i n e  i f  necessary, t rans fo rmer ,  e l e c t r i c i t y  c o n t r o l  panel  

and p r o t e c t i v e  housing. 

The c o s t  o f  these i n s t a l l a t i o n s  depends on n a t u r a l  f a c t o r s  ( t y p e  o f  

geo log i ca l  fo rmat ions ,  depth  and p r o d u c t i v i t y  o f  t h e  water -bear ing  s t r a t a ,  

s t a t i c  wa te r  l e v e l )  and des ign  f a c t o r s  ( b a s i c a l l y ,  d ischarge r e q u i r e d  and t y p e  

o f  energy source) .  Each o f  these i n s t a l l a t i o n s  w i l l  have meant an inves tment  

Ii, n i  be ing  t h e  r e s p e c t i v e  p e r i o d s  o f  u s e f u l  l i f e .  

I f  t h e  i n t e r e s t  r a t e  i s  r, t h e  a n n u i t y  o f  d e p r e c i a t i o n  o f  aach one, A i ,  i s  

g i v e n  by (1) and t h e  o v e r a l l  annual c o s t  w i l l  be C A i .  

b )  S t a f f  Expend i tu re .  I n  modern i n s t a l l a t i o n s ,  au tomat ion  reduces t h e  need f o r  

s t a f f  t o  l i t t l e  more than s imp le  i n s p e c t i o n  v i s i t s  by  an employee o f  t h e  

mun ic ipa l  serv ice ,  o f  t h e  i n d u s t r y  concerned o r  of t h e  fa rmer  h i m s e l f .  The 

economic va lue  o f  t h e  p a r t i a l  t i m e  o f  t h e  employee used f o r  t h i s  purpose i s  

e q u i v a l e n t  t o  an annual amount t h a t  w i l l  be denoted 

c )  Maintenance Costs, W ,  t o  cover  needs o f  i n s p e c t  

r e p a i r s .  These c o s t s  a re  u s u a l l y  es t ima ted  annua 

va lue  o f  t h e  inves tments  ( 2 %  migh t  be acceptab le  as 

2.2.  V a r i a b l e  Cost 

T h i s  corresponds t o  t h e  energy used i n  pumping 

by L. 
on, maintenance and smal l  

l y  as a percentage o f  t h e  

an a p p r o p r i a t e  f i g u r e )  . 

Most e l e c t r i c i t y  t a r i f f s  

have a dual s t r u c t u r e ,  w i t h  one addend depending on t h e  energy consumed, and a 

second wh ich  i s  based on t h e  power cont rac ted ;  t h i s  l a t t e r  shou ld  be i n c l u d e d  i n  

t h e  f i x e d  cos ts .  

I f  - Q i s  t h e  c u r r e n t  pumping d ischarge h t h e  dep th  o f  t h e  dynamic wa te r  l e v e l ,  

- t t h e  number o f  pumping hours p e r  year,  e t h e  u n i t  c o s t  o f  energy, and 1 t h e  

o v e r a l l  power e f f i c i e n c y ,  t h e  annual energy c o s t  i s :  

Cv = e.Q.h.t/R = k Q h t  (3) 

I n  i n s t a l l a t i o n s  w i t h  submergible e l e c t r i c  pumps wh ich  t a k e  energy f rom t h e  

g r i d  and work i n  t h e  acceptab le  s e c t o r  o f  t h e i r  c h a r a c t e r i s t i c  curve, cons tan t  k 

o f  ( 3 )  i s  approx imate ly  0.015e, f o r  Q i n  l i t r e s  p e r  second, h i n  metres,  e i n  

kWh, and t i n  hours.  

The Q and h v a r i a b l e s  a re  r e l a t e d  by an exp ress ion  o f  t h e  type :  

h = ho + AQ + BQ2 ( 4 )  

ho = depth o f  s t a t i c  wa te r  l e v e l ;  A = cons tan t  r e p r e s e n t i n g  t h e  t ransmiss i ve  

c h a r a c t e r i s t i c s  o f  t h e  a q u i f e r  i n  t h e  w e l l  sur round ings .  A i s  n o t  r e a l l y  

cons tan t ;  i t  grows w i t h  t h e  t ime  o f  pumping, b u t  f o r  p r a c t i c a l  purposes i t  i s  

v a l i d  t o  s t a t e  t h a t  t h e  drawdown becomes s t a b i l i s e d  a f t e r  a s h o r t  t ime;  B = 

c o e f f i c i e n t  rep resen t ing  t h e  e f f i c i e n c y  of  t h e  w e l l ,  wh ich  i n c l u d e s  t h e  p a r t  o f  
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t h e  drawdown due t o  i n i t i a l  q u a d r a t i c  head losses .  

C o e f f i c i e n t s  A and B can be ob ta ined by making pumping t e s t s .  F o r  a p r i o r i  

est imates,  A may be assumed t o  be equal t o  t h e  i n v e r s e  o f  t h e  average s p e c i f i c  

y i e l d  o f  t h e  a q u i f e r  cor respond ing  t o  smal l  pumping discharges. Parameter B 

depends on t h e  technology o f  c o n s t r u c t i o n  o f  t h e  w e l l  and no rma l l y  v a r i e s  

between 10-6 and 10-8 day2/m5 (Custodio and Llamas, 1976). 

2.3.  U n i t  Costs 

With the  n o t a t i o n s  used, t h e  t o t a l  annual c o s t  i s :  

C t  = Co + C v  = ZAi + L + M + k Q h t  ( 5 )  

and t o t a l  average c o s t  i s  ob ta ined  by d i v i d i n g  by t h e  annual p roduc t i on .  

S u b s t i t u t i n g  i n  ( 6 )  t h e  va lue  o f  h accord ing  t o  ( 4 ) :  

+ L + M  + k (ho + AQ + BQ') ( 7 )  Q. t 
C t  = 

which i s  represented  g r a p h i c a l l y  i n  F i g u r e  5 f o r  a gener i c  w e l l ,  

and i n s t a l l e d ,  and f o r  d i f f e r e n t  values o f  t. 

a l ready  b u i l t  

W m '  

I- 
v) 

0 
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I- 
0 
t 
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w 
> 
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Q ( I / S )  

PUMPING D I S C H A R G E  
- 

Figure  5 . -  Averag: and marg ina l  cos ts  as a f u n c t i o n  o f  d ischargc  
and pimping d u r a t i m .  
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The marg ina l  c o s t  f o r  any va lue  o f  t i s :  

a growing f u n c t i o n  w i t h  Q, and independent o f  t. 

3. OPTIMUM PUMPING DISCHARGE 

The optimum d ischarge f o r  a w e l l  a l r e a d y  b u i l t  and equipped depends on t h e  

o p e r a t i n g  c i rcumstances and t h r e e  d i f f e r e n t  s i t u a t i o n s  a r e  descr ibed:  

a )  Meet ing  a S p e c i f i c  Demand, D. I n  t h i s  case t h e  p r i c e  o r  va lue  o f  t h e  wa te r  

i s  n o t  r e l e v a n t .  The economic a im i s  t o  produce t h e  q u a n t i t y  o f  wa te r  D w i t h  

t h e  minimum energy cos t ,  s i n c e  t h e  f i x e d  c o s t s  have t o  be borne i n  any case. 

The energy cost,  kh, grows w i th  Q, f o r  which reason t h e  d i scha rge  shou ld  be  

as smal l  as p o s s i b l e  and, consequent ly,  The 

maximum va lue  o f  t depends on t h e  type  o f  demand (cont inuous  i n  u rban supp ly  

systems and seasonal i n  i r r i g a t i o n  and supp ly  t o  t o u r i s t  a reas)  and on t h e  

a u x i l i a r y  i n s t a l l a t i o n s  i n  ex i s tence  (s to rage  f a c i l i t i e s  and degree o f  

au tomat ion) .  

Once t h e  maximum number o f  hours  pe r  annum (tmax) has been asce r ta ined ,  t h e  

optimum d ischarge i s  ob ta ined  Qop t  = D/tmax, and t h e  average t o t a l  c o s t  i s  

determined a t  t h e  cor respond ing  tmax curve, among t h e  f a m i l y  o f  curves  o f  F i g u r e  

5, which has been drawn i n  F i g u r e  6. 

t shou ld  be as l a r g e  as p o s s i b l e .  

F i g u r e  6 . -  Opt imal w e l l  d ischarge ( f i x e d  demand) 

I f  t h e  optimum i s  s i t u a t e d  on t h e  decreas ing  branch o f  t h e  cu rve  ( A ) ,  t h e  

w e l l  has been overdesigned f o r  t h e  s e r v i c e  i t  has t o  p rov ide .  The w e l l  c o u l d  

s a t i s f y  h i g h e r  demand a t  l ower  c o s t .  

S i t u a t i o n s  such as t h e  above, i n  wh ich  t h e  p r o d u c t i v i t y  o f  t h e  a q u i f e r  and 

t h e  c a p a c i t y  o f  t h e  i n s t a l l a t i o n s  a re  underexp lo i ted ,  a re  v e r y  f r e q u e n t  i n  
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a g r i c u l t u r a l  w e l l s ;  an a s s o c i a t i o n  between severa l  owners would make i t  p o s s i b l e  

t o  o b t a i n  ground water  a t  a lower  cos t .  The oppos i te  case i s  i l l u s t r a t e d  by  

p o i n t  B, where the  d ischarge i s  excess ive  f o r  t h @  dimensions and/or equipment o f  

t h e  w e l l .  I f  t h e  w e l l  had been p r o p e r l y  designed, t h e  c o s t  o f  t h e  wa te r  would 

be lower.  

b )  Sale o f  Water a t  a Given Pr ice ,  p. T h i s  i s  t h e  c l a s s i c  ekample o f  a smal l  

f i r m  ope ra t i ng  w i t h i n  a f r e e  market, i n c l u d e d  here  f o r  p u r e l y  academic reasons, 

s ince  markets f o r  water  a re  ve ry  ra re .  

From 1.2 o f  t h i s  Sec t i on  i t  w i l l  be r e c a l l e d  t h a t  t h e  maximum p r o f i t  i s  

ob ta ined  by e q u a l i z i n g  t h e  p r i c e  t o  t h e  marg ina l  cost ,  thus  t h e  va lue  o f  Qopt i s  

ob ta ined  f rom 

p = k (ho t 2AQ t 3 BQ2) (9) 

PUMPING DISCHARGE 

F igu re  7 . -  Optimal w o l l  d ischarge ( f i x e d  p r i c e )  

F igu re  7 i l l u s t r a t e s  t h i s  case. Fo r  p r i c e  p i  t h e  u n i t  p r o f i t  wou ld  be g i ven  

and t h e  ex i s tence  o f  t h i s  p r o f i t  encourages o t h e r  businessmen 

I f  the  p r i c e  was p2, t o  t h e  l e f t  o f  t h e  minimum c o s t  p o i n t ,  segment B2A2 

would rep resen t  t h e  l o s s  pe r  m3 s u f f e r e d  by t h e  owner o f  t h e  w e l l .  Th i s  p r i c e  

does n o t  cover  the  t o t a l  cos t ,  b u t  i f  i t  does cover  t h e  v a r i a b l e  c o s t  i t  w i l l  

s t i l l  be i n  h i s  i n t e r e s t  t o  con t inue  pumping. 

c )  Produc t ion  f o r  Own Use. I t  has been ment ioned ( 2 )  t h a t  p r o f i t  max im iza t i on  

r e q u i r e s  t h a t  t h e  marg ina l  p r o d u c t i v i t y ,  m u l t i p l i e d  by  t h e  p r i c e  o f  t h e  c rop  be 

equal t o  t h e  marg ina l  c o s t  o f  t he  water.  

by  segment A l B l ,  

t o  e n t e r  t h e  market and d r i l l  new w e l l s .  

F > ( W ) . P  = k (ho t 2AQ t 3 BQ2) (10) 

If 1 i s  t h e  area under i r r i g a t i o n  and w t h e  a p p l i c a t i o n  o f  water  p e r  hec ta re  

t o  be determined 
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Q = 1 . \v / tmax 

so t h a t  t h e o r e t i c a l l y  t h e r e  e x i s t s  an optimum va lue  o f  w and Q, d e d u c t i b l e  f rom 

(10) and (11). 

However, farmers a r e  seldom aware o f  t h e  p r o d u c t i v i t y  f u n c t i o n  o f  t h e i r  land ;  

t h e i r  normal behav iour  i s  t o  s e t  t h e  u n i t  a p p l i c a t i o n  and t h e r e f o r e  t h e  pumping 

d ischarge.  Th is  d ischarge determines t h e  c o s t  o f  t h e  wa te r  and t h e  o v e r a l l  

p r o f i t  o f  t h e  opera t i on .  I f  t h i s  p r o f i t  s i g n i f i c a n t l y  exceeds t h e  normal incomc 

f rom t h e  land,  t h e r e  w i l l  be an i n c e n t i v e  t o  b r i n g  f u r t h e r  l a n d  under i r r i g a t i o n  

and t o  c o n s t r u c t  new w e l l s .  Therefore,  t h e r e  i s  no economic o p t i m i z a t i o n  i n  

t h i s  behaviour,  and i t  i s  n o t  easy t o  under take  such o p t i m i z a t i o n  owing t o  

general  unawareness o f  t he  p r o d u c t i v i t y  f u n c t i o n .  

o f  adop t ing  a u n i t  supp ly  f o r  t h e  c rop  o r  

combina t ion  o f  c rops  t y p i c a l  o f  each area, i t  i s  p o s s i b l e  t o  o p t i m i z e  t h e  s i z e  

o f  t h e  i r r i g a t e d  l a n d  on t h e  b a s i s  o f  t h e  c o s t  o f  t h e  water ,  making use o f  s c a l e  

economies of  produc t ion ,  an aspect which w i l l  be examined nex t .  

Since t h e  common p r a c t i c e  c o n s i s t s  

4. OPTIMUM S I Z E  OF THE WELL; SCALE ECONOMIES 

The problem o f  t h e  optimum d ischarge f o r  a w e l l  a l ready  c o n s t r u c t e d  and 

equipped has been analysed, under d i f f e r e n t  o p e r a t i n g  c o n d i t i o n s ,  and a t t e n t i o n  

has been drawn t o  t h e  p o s s i b i l i t y  o f  excess ive  o r  i n s u f f i c i e n t  s i z e  i n  cases 

where the  aim i s  t o  supp ly  a f i x e d  demand. 

The problem o f  optimum w e l l  des ign  w i l l  now be cons idered,  s t a t e d  as t h e  

de te rm ina t ion  o f  t h e  c o n s t r u c t i o n  f e a t u r e s  o f  t h e  w e l l  and i t s  mechanical  gear, 

wh ich  w i l l  make i t  p o s s i b l e  t o  s a t i s f y  t h e  wa te r  r e q u i r e d  w i t h  t h e  minimum 

p roduc t i on  cos t .  i s  n o t  a q u e s t i o n  o f  c o s t s  known a p o s t e r i o r i  b u t  o f  

a p r i o r i  es t ima tes  on the  w e l l  o r  w e l l s  t o  be cons t ruc ted ,  i t  i s  necessary t o  

bear i n  mind t h e  random na tu re  o f  t h e  c o s t  and p r o d u c t i v i t y  o f  a w e l l  t o  be 

d r i l l e d  i n  an a q u i f e r .  

Indeed, t h e  w e l l  l o g  a t  a p a r t i c u l a r  s i t e  i s  o n l y  known a f t e r  t h e  w e l l  has 

been d r i l l e d ,  and t h e  c o s t  o f  c o n s t r u c t i o n  (d iameters ,  p ip ings ,  f i l t e r s )  can be 

a f f e c t e d  by t h e  n a t u r e  and th i ckness  o f  t h e  s t r a t a  i nvo l ved .  The s p e c i f i c  y i e l d  

has a d e c i s i v e  i n f l u e n c e  on t h e  energy c o s t  o f  pumping and can be h i g h l y  random. 

f o r  

those parameters wh ich  a r e  s i g n i f i c a n t  f o r  t h e  cos t ,  and t h e  conc lus ions  

ob ta ined  w i l l  be more v a l i d  t h e  l e s s  a r e  t h e i r  var iances .  

The conc lus ions  o f  t h e  a n a l y s i s  a r e  a l s o  a p p l i c a b l e  when t h e  i n t e n t i o n  i s  t o  

d r i l l  a l a r g e  number o f  w e l l s  t o  s a t i s f y  a h i g h  demand, i n  wh ich  case i t  may bc 

expected t h a t  t h e  r e a l  average p r o d u c t i o n  cos ts  o f  t h e  group o f  w e l l s  a r e  

determined by t h e  average va lues  o f  t h e  s t a t i s t i c a l  v a r i a b l e s .  Fo r  t h i s  reason 

these conc lus ions  a r e  p a r t i c u l a r l y  s u i t a b l e  f o r  t h e  economic s tudy  o f  p l a n n i n g  

Since i t  

I n  a p r i o r i  a n a l y s i s  i t  i s  necessary t o  use t h e  average o r  expected va lues  
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t h e  management o f  an a q u i f e r ,  when cons ide r ing  t h e  o p p o r t u n i t y  o f  i n t e n s i v e  

opera t i on .  I t  i s  i n  t h i s  c o n t e x t  where t h e  concept o f  economy o f  s c a l e  takes  on 

t h e  g r e a t e s t  importance; be ing  an e s s e n t i a l  f e a t u r e  o f  su r face  wa te r  elements, 

i t  occurs t o  a c e r t a i n  e x t e n t  i n  t h e  case o f  groundwater development. 

4.1. S p e c i f i c  Y i e l d  and E f f i c i e n c y  o f  t h e  Well 

I t  i s  g e n e r a l l y  agreed t h a t  t he re  e x i s t s  a l i n e a r  r e l a t i o n s h i p  between t h e  

water  l e v e l  drawdown a t  a w e l l  and the  pumping d ischarge up t o  a c e r t a i n  va lue  

o f  Q, as f rom which t h e  n o n - l i n e a r  head losses  a r e  impor tan t .  Thus, t h e  

drawdown i s  s = A.Q, and t h e  s p e c i f i c  y i e l d  i s  qe = Q/s = 1/A, where A i s  t h e  

parameter o f  express ion  ( 4 ) .  

The s p e c i f i c  y i e l d  depends on t h e  s a t u r a t e d  th i ckness  tapped by t h e  w e l l ;  f o r  

con f i ned  and homogeneous aqu i fe rs ,  seve ra l  au tho rs  have deduced l i n e a r  

r e l a t i o n s h i p s  between bo th  va r iab les ,  wh ich  (whether they  a r e  l i n e a r  o r  n o t )  can 

be determined by a s t a t i s t i c a l  ana lys i s  o f  t h e  i n v e n t o r y  da ta  o f  w e l l s .  Once 

t h i s  task  has been undertaken, and the  average depth  o f  t h e  s t a t i c  wa te r  l e v e l  

i n  the  a q u i f e r  (ho) i s  known, use can be made o f  t h e  f u n c t i o n  r e l a t i n g  t h e  

s p e c i f i c  y i e l d  (qe)  t o  t h e  depth  o f  t h e  w e l l  ( d ) :  

qe = f ( d  - ho) = 1 / A  (unconf ined a q u i f e r )  ( 1 2 )  

The parameter o f  e f f i c i e n c y ,  B, determines an impor tan t  p a r t  o f  t h e  drawdown 

f o r  h igh  pumping r a t e s .  A w e l l  i n  which approp r ia te  f i l t e r s  have been f i t t e d  i n  

t h e  p r o d u c t i v e  l a y e r s  and i n  which development works have been completed w i l l  be 

an e f f i c i e n t  w e l l ,  w i th  a low B va lue  ( l e s s  than lom7 day2/m5). On t h e  o t h e r  

hand, values o f  B h igher  than 10-6 cons ide rab ly  l i m i t  t h e  y i e l d  and inc rease  t h e  

c o s t  o f  pumping . 

4.2. Minimum Produc t ion  Cost as a Func t i on  o f  Oepth 

For  a determined l e v e l  o f  demand t o  be  s a t i s f i e d  by t h e  w e l l ,  0, and once t h e  

va lue  o f  tmax has been e s t a b l i s h e d  (3.a),  t h e  pumping d i scha rge  i s  g i v e n  by  Q = 

D/tmax wh ich  can be ob ta ined  w i t h  d i f f e r e n t  depths o f  w e l l .  D i f f e r e n t  depths 

a re  success ive ly  assumed, and f o r  each o f  them parameter A o f  exp ress ion  (12)  i s  

ca l cu la ted .  B must be s e t  a t  a va lue  wh ich  can be reasonab ly  a t t a i n a b l e  by t h e  

bes t  d r i l l  i n g  technology a v a i l  ab le .  

Once the  d ischarge and t h e  pumping head a r e  known, h -  ho + AQ + BQ2,  
commercial ca ta logues  g i v e  t h e  s p e c i f i c a t i o n s  o f  t h e  r i g h t  pump t o  be  i n s t a l l e d ,  

i t s  purchase p r i c e  and diameter,  which i n  i t s  t u r n  dec ides  t h e  c o s t  o f  d r i l l i n g .  

The remain ing  investments a r e  a l s o  determined as f u n c t i o n s  o f  Q and h ( p i p i n g s ,  

t rans former ,  power l i n e  and c o n t r o l  pane l )  o r  a r e  f i x e d  ( e l e c t r i c i t y  l i n e ,  

housing, e t c . ) .  

These c a l c u l a t i o n s  a r e  repeated f o r  d i f f e r e n t  depths, o b t a i n i n g  a cu rve  
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r e l a t i n g  t h e  t o t a l  average u n i t  c o s t  o f  t h e  water  ( 7 )  t o  t h e  depth of t he  w c l l ,  

f o r  a s p e c i f i c  va lue of Qi = D i / h a x .  

f o r  severa l  va lues o f  Q, a f a m i l y  of  

curves i s  obta ined s i m i l a r  t o  t h e  one i n  F i g u r e  8, taken f rom a work of t h e  

author  on t h e  Miocene a q u i f e r  o f  Madrid (Sa'nchez, A.,  1986). 

I f  the  c a l c u l a t i o n  process i s  completed 

0 .= I- i'" 
+? W 

> 
4 

F igu re  8 . -  Ground water c o s t  (1985) as a f u n c t i o n  o f  \ w l l  dcnptl? a t  t k  
Mioconc a q u i f e r  o f  Madr id  ( t  = 7.2 x 103 h/ycar ,  1 $ = 170 
pesetas) .  

Each curve o f  t h i s  f a m i l y  has a minimum which rep resen ts  t h e  optimum design 

( d * i )  f o r  t h e  w e l l  s u i t a b l e  t o  t h e  d ischarge Qi. The p a i r s  o f  va lues ( d * i , Q i )  

determine another s e r i e s  o f  va lues ( c * i , Q i )  which rep resen t  t h e  minimum 

p roduc t i on  c o s t  f o r  each Q va lue.  

t he  minimum p roduc t i on  cos ts  o f  ground water  

f o r  munic ipa l  supply  i n  the  example o f  Madrid, where the  economy o f  sca le  can be 

observed which i s  ob ta inab le  up t o  f l o w s  o f  30 l / s  ( w e l l s  o f  250 n), no 

s i g n i f i c a n t  advantage being ob ta ined  f rom deeper w e l l s .  Curve C2 i s  i d e n t i c a l  

t o  t h e  p rev ious  one, w i t h  a h ighe r  va lue o f  parameter B. F i n a l l y ,  curve C3 i s  

o f  t h e  same type as t he  f i r s t ,  b u t  when t h e  water  i s  t o  be used fo r  i r r i g a t i o n  

purposes: cos ts  are much h ighe r  as a r e s u l t  o f  t h e  lower  va lue  o f  h a x .  

Curve C 1  o f  F i g u r e  9 represents  

5.  AVAILABILITY COST OF PEAK PUMPING CAPACITY 

I n  con junc t i ve  use schemes o f  su r face  and ground water  i t  i s  usual  t o  ass ign  

When the  r e q u i r e d  peak ground water  the r o l e  o f  rese rve  t o  cover  d r y  pe r iods .  
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Figure 1.- Ground watcr minimum costs  (1985) a t  t h e  ?ladrid aqtiifc?r. 
Municipal ( C 1  - C 
( ~ 3 ,  t = 2 x 103 $/year ) .  

curves) and i r r i g a t i o n  supply 
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Figure 10.-  A n n u a l  u n i t  cost  (1985) 0-f peak purliping capacity a t  
the Madrid aquifer .  
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pumping c a p a c i t y  i s  much h ighe r  than t h e  average y e a r l y  r a t e  o f  e x t r a c t i o n ,  t h e  

a v a i l a b i l i t y  cos t  o f  t h e  peak i s  high, and i t  i s  wor thwh i l e  o p t i m i z i n g  t h e  

des ign o f  t he  w e l l  module which i s  t o  p r o v i d e  i t .  

The process o f  de te rm ina t ion  i s  s i m i l a r  t o  t h a t  descr ibed i n  4, w i t h  t h e  

d i f f e r e n c e  t h a t  i n  t h i s  case o n l y  the  f i x e d  u n i t  c o s t  (Cob))  i s  ca l cu la ted ;  f o r  

d i f f e r e n t  depths o f  w e l l  t h e  annual c a p i t a l  c o s t  o f  o b t a i n i n g  a c e r t a i n  pumping 

capac i t y  Qi, i s  ca l cu la ted ,  t h e  minimum c o s t  depth and r e l a t e d  equipment a r e  

selected, t h e  c a l c u l a t i o n s  f o r  d i f f e r e n t  values o f  Qi a r e  repeated and the  curve 

o f  minimum c o s t  nodules i s  determined. 

F igu re  10 shows t h e  curve corresponding t o  t h e  Miocene a q u i f e r  o f  Madrid, i n  

which i t  w i l l  be seen t h a t  t he  pumping module must be a w e l l  o f  50-70 l / s ,  w i t h  

a depth o f  300-400 m. I t  w i l l  be observed t h a t  i f  t h e  w e l l  e f f i c i e n c y  i s  l ow  

(cu rve  c2) the  optimum discharge o f  t h e  module i s  30-40 l / s  and t h a t  t h e  

a v a i l a b i l i t y  c o s t  o f  t he  peak i s  25% h ighe r .  
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