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ABSTRACT 

An a n a l y s i s  of t he  f a c t o r s  t h a t  determine t h e  c o s t - e f f e c t i v e n e s s  of ground- 
water  works - l o c a t i o n ,  des ign  and c o n s t r u c t i o n  of wells; development; pumping; 
c o n t r o l  and management of c i v i l  works; moni tor ing  and c o n t r o l  of e x p l o i t a t i o n  
and i t s  e f f e c t s  on the  a q u i f e r  has been made. The c o s t s  involved  i n  c o n s t r u c t i n g  
groundwater works - d r i l l e d  w e l l s ,  dug w e l l s  and o t h e r s  - are d e a l t  wi th  and 
t a b l e s  showing u n i t  p r i c e s  i n  Spain a r e  g iven .  

1. INTRODUCTION 

The goa l  of t he  c o n s t r u c t i o n s  of groundwater works is  t o  t a p  underground 

water  r e sources  r e t a i n e d  i n  the  sub - so i l  and make them a v a i l a b l e  fo r  use .  The 

fo l lowing  p r i n c i p l e s  apply  t o  the  c o n s t r u c t i o n  of anygroundwater work: 

- The n a t u r a l  q u a l i t y  of t h e  groundwater should  n o t  be changed and t h e  work 

i t s e l f  must no t  be a way of p o l l u t i o n .  

- groundwater should flow f r e e l y  from the  a q u i f e r  t o  t h e  p o i n t  of with- 

drawal.  

- t he  c o s t  of t he  works, t ak ing  i n t o  account t h e  c a p i t a l  inves tment  and the  

maintenance c o s t s ,  is determined by t h e  s p e c i f i c  c h a r a c t e r i s t i c s  of t h e  

s u b - s o i l ,  t h e  volume of water  t o  be e x t r a c t e d  and i t s  u l t e r i o r  u se .  

A wide range of d i f f e r e n t  types  of groundwater works ex is t s .  Shallow dug 

w e l l s ,  d r i l l e d  wel l  of s e v e r a l  hundred of meter deep ,  t u n n e l s ,  g a l l e r i e s ,  

d i t c h e s ,  e t c .  Manually-operated pumps o r  s o p h i s t i c a t e d  machinery capable  of 

pumping hundreds of l i t r e s  p e r  second have been i n s t a l l e d ,  and p rov ide  ground- 

water  for var ious  uses  a l l  over  t he  world.  

Those va r ious  u s e s ,  i nc lud ing  urban, a g r i c u l t u r a l  and i n d u s t i a l  u s e s ,  need 

amounts of water  of a few hundred t o  m i l l i o n s  of l i t r e s  pe r  yea r .  On t h e  o t h e r  

hand, t h e r e  a r e  many d i f f e r e n t  types  of s u b - s o i l s  where t h e  groundwater can 

occur .  The des ign  of a s p e c i f i c  work should  t ake  i n t o  account t h e  type  of 

a q u i f e r :  wa te r - t ab le  or conf ined ,  unconsol ida ted  or c o n s o l i d a t e d ,  deep or 

sha l low,  and t h e  rock format ion:  d e t r i t i c ,  c a r b o n a t i c ,  v o l c a n i c ,  e t c .  

That i s  t h e  reason  f o r  t h e  wide assor tment  of works and equipment,  and t h e  

ex tens ive  range of f a c t o r s  t h a t  should  be e s t ima ted  t o  make s u r e  t h a t  ground- 

water works cons t ruc t ed  a r e  t h e  b e s t  f o r  t he  type  of a q u i f e r  and t h e  volume and 
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use  of water. However, some g e n e r a l  gu ide - l ines  can be e s t a b l i s h e d .  

2. FACTORS THAT DETERMINE THE COST OF GROUNDWATER EXPLOITATION 

The c o s t  of groundwater e x p l o i t a t i o n  i s  de f ined  as t h e  d i f f e r e n c e  between 

t h e  c o s t  of e x t r a c t i o n  and the  b e n e f i t s  ob ta ined  from t h e  e x t r a c t e d  groundwater.  

Whereas i t  i s  u s u a l l y  q u i t e  easy  t o  c a l c u l a t e  t h e  c o s t  o f  e x t r a c t i n g  w a t e r ,  i t  

is  much more d i f f i c u l t  t o  q u a n t i f y  t h e  second p a r t ,  t h e  b e n e f i t s ,  because  very 

o f t e n ,  t h e s e  cannot  be de f ined  i n  pu re ly  economic te rms  (QUIST, 1987 and 

ARLOSOROFF e t  a l . ,  1987). 

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

and t echno log ica l  r e sources .  Thus,  t h e  s i t u a t i o n  i n  deve loping  c o u n t r i e s  - 

where groundwater is used as a source  of primary wa te r  supply  - i s  very  

d i f f e r e n t  than  t h a t  i n  developed c o u n t r i e s  where groundwater is o f t e n  a f a c t o r  

i n  the  development of an a g r i c u l t u r a l  o r  i n d u s t r i a l  p roduc t ion  p rocess .  

In  any c a s e ,  a c o s t - b e n e f i t  a n a l y s i s  should  be done b e f o r e  unde r t ak ing  any 

groundwater work and the  d i f f e r e n t  a v a i l a b l e  a l t e r n a t i v e s  should  be s t u d i e d  t o  

s a t i s f y  the  demand. us ing  s u r f a c e  wa te r  and/or  ground wa te r .  

Once t h e  d e c i s i o n  of deve loping  groundwater r e s o u r c e s  has  been t aken ,  eve ry  

e f f o r t  should  be made t o  opt imize  a l l  t he  f a c t o r s  i nvo lved  i n  t h e  p rocess .  

2 . 1  Location and des ign  

The fo l lowing  p o i n t s  should  be taken  i n t o  c o n s i d e r a t i o n  i n  o r d e r  t o  dec ide  

where t o  l o c a t e  wells: 
- The c h a r a c t e r i s t i c s  of t h e  a q u i f e r  w i l l  de te rmine  t h e  amount o f  a v a i l a b l e  

wa te r ,  and t h e  depth  a t  which e x t r a c t i o n s  w i l l  t a k e  p l a c e ,  and t h e n ,  t h e  

energy c o s t s .  

- Distance from the  p o i n t  of wi thdrawal  t o  t h e  a r e a  t o  be s u p p l i e d ,  and t h e  

e x i s t i n g  , o r  proposed ,  f a c i l i t i e s  f o r  t r a n s p o r t i n g  water .  

- Dis tance  from t h e  p o i n t  of withdrawal t o  power s u p p l i e s ;  t h e  p o s s i b i l i t y  

of l a y i n g  on e l e c t r i c i t y  t o  t h e  s i t e .  

- Easy access  f o r  machinery involved  i n  t h e  c o n s t r u c t i o n ,  development,  

t e s t i n g ,  p l a n t  i n s t a l l a t i o n  and subsequent  maintenance of t h e  groundwater 

works. 

Well des ign  should  a l s o  t ake  i n t o  c o n s i d e r a t i o n  the  c h a r a c t e r i s t i c s  of t h e  

a q u i f e r ,  t h e  volume and t h e  use of water t h a t  i s  r e q u i r e d .  

P r o j e c t s  should  inc lude  a complete p l an  of t h e  work. It must a l s o  be given 

a d e t a i l e d  r e p o r t  about t h e  d i f f e r e n t  s e c t i o n s ,  i n c l u d i n g  i n s t r u c t i o n s  f o r  t h e  

c o n s t r u c t i o n .  I n  t h e  case  of d r i l l e d  wells, t h i s  i n fo rma t ion  should  i n c l u d e :  

method of d r i l l i n g ;  depth  and d iameter  of p e r f o r a t i o n ;  p l ans  for  a u x i l i a r y  

p i p i n g ;  d e t a i l s  of we l l  s h a f t s ,  p o s i t i o n  of s c r e e n s ,  c a s i n g ,  g r o u t i n g  and 

completion. I t  w i l l  a l s o  provide  u s e f u l  d a t a  f o r  t h e  c o n s t r u c t o r  such a s  t h e  

n a t u r e  of t h e  fo rma t ion ,  t h e  occurrence  of a b r a s i v e  m a t e r i a l s ,  t h e  r i s k  of 
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r o c k f a l l s ,  and s p e c i f i c  i n s t r u c t i o n s  about  t h e  r e q u i r e d  tests,  s toppages ,  

meetings with t h e  Technica l  Management and any o t h e r  f a c t o r  t h a t  cou ld  he lp  i n  

t h e  cons t ruc t ion  and t h e  e v a l u a t i o n  of t h e  work. Q u a l i t y  c o n t r o l  should  be very  

s t r i c t ,  p a r t i c u l a r l y  i n  t h e  m a t e r i a l s  used i n  t h e  well and i n  t h e  d e t a i l s  of 

t h e  equipment and a c c e s o r i e s  t o  be i n s t a l l e d .  

Besides t h e  p r o j e c t ,  a l i s t  of s p e c i f i c a t i o n s  must be prepa red ,  e s t a b l i s h i n g  

the  requi rements  for t h e  p a r t i c u l a r  c a s e ,  e v a l u a t i n g  the  c r i t e r i a  of t he  

proposed t e n d e r s  and t h e i r  d i f f e r e n t  p r i c e s .  

A r e l i a b l e  knowledge of t h e  a q u i f e r  and d a t a  of t h e  prev ious  e x p l o i t a t i o n s  

a r e  v i t a l  t o  ensure  proper  l o c a t i o n  and des ign  of wells. 

( a )  ( b )  

Fig .  1. Drawdown-time curves  of two w e l l s  l o c a t e d  i n  t h e  some a q u i f e r .  The 

second we l l  (b) was cons t ruc t ed  wi th  a p rev ious  e x p l o r a t i o n  and a 

des ign  adequate t o  t h e  a q u i f e r .  

The F ig .  1 g ives  an example of t h i s .  Two we l l s  were d r i l l e d  i n  t h e  same 

a q u i f e r  a t  a d i s t a n c e  of 150 m from each o t h e r .  The c o s t s  of both  w e l l s  were 

equ iva len t .  The second we l l  was d r i l l e d  a f t e r  a previous  r e s e a r c h  and was 

designed i n  accordance t o  t h e  c h a r a c t e r i s t i c s  of t h e  a q u i f e r  (Llamas and M o l i s t ,  

1968).  Improper des ign  and cons t ruc t ion  of w e l l s  a l s o  c o n t r i b u t e s  to t h e  pro- 

g r e s s i v e  damage of pumping machinery (Pefia and Areguin,  1987). 

2 . 2  Well cons t ruc t ion  

The fo l lowing  p o i n t s  should  be taken i n t o  cons ide ra t ion  i n  o r d e r  t o  cons- 

t r u c t  a we l l :  

- A v a i l a b i l i t y  of adequate  machinery and competent personnel  f o r  c a r r y i n g  

ou t  t h e  proposed p r o j e c t .  

- The equipment must be the  most s u i t a b l e  for  t h e  j o b  and must i n c l u d e  

t o o l s  capable  t o  d e a l  w i th  any unforeseen  c i rcumstances  t h a t  may a r i s e  e . g .  

f i s h i n g  implements, s p a r e  p i p e s ,  machinery f o r  t h e  removal of p i p e s  e t c .  

- Easy access  f o r  f u e l  s u p p l i e s ,  t o o l s ,  materials, l a r g e  v e h i c l e s ,  e t c .  

- Personnel i n  charge of handl ing  t h e  equipment should  be q u a l i f i e d :  They 

should have the  r equ i r ed  t e c h n i c a l  background and expe r i ence  t o  ach ieve  t h e  
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proposed r e s u l t s .  

F i n a l l y ,  i t  i s  needed t o  e s t i m a t e  t h e  unforeseen  c i r cums tances ,  s i n c e  they  

can g r e a t l y  i n c r e a s e  t h e  f i n a l  c o s t s  and t h e  t ime spen t  t o  complete t h e  cons- 

t r u c t i o n ,  so g o a l s  must be f l e x i b l e  and f i t  i n  t ime-schedules  and f i n a n c i a l  

r e sources .  

Cleaning and development. Once t h e  work has  been completed,  w e l l s  should  

be c leaned  t o  f a c i l i t a t e  t h e  flow of wa te r  from t h e  a q u i f e r  and t o  remove f i n e  

p a r t i c l e s  from t h e  s c r e e n s ,  i n  o r d e r  t o  avoid  t h e i r  e n t r y  i n t o  t h e  w e l l  and t o  

s t a b i l i z e  t h e  a q u i f e r .  Gene ra l ly ,  once t h e  c o n s t r u c t i o n  i s  concluded some f i n e  

p a r t i c l e s  remain i n  suspens ion  and must be e l i m i n a t e d  be fo re  t h e  f i n a l  pump i s  

i n s t a l l e d .  I n  any case  development of wells i n c r e a s e s  t h e i r  ou tpu t  and r educes  

subsequent c o s t s .  

Peila and Areguin (1987) b e l i e v e  t h a t  i t  i s  a was te  of t ime and money t o  

opt imize  the  e l e c t r i c a l  and mechanical e lements  i n  a w e l l  i f  t h e  h y d r a u l i c a l  

e f f i c i e n c y  has  n o t  been opt imized .  

T r e a t i n g  unconsol ida ted  d e t r i t i c  a q u i f e r s  w i th  compressed a i r  r educes  t h e  

amount of f i n e  p a r t i c l e s .  The re fo re  maintenance c o s t s  of pumping machinery a r e  

a l s o  reduced. The use o f  hydroch lo r i c  a c i d  i n  k a r s t i c  format ions  makes easier 

t h e  c l ean ing  and reduces  t h e  pe r iod  of t ime of shaking  c l a y s .  I n  both  c a s e s ,  

we l l  e f f i c i e n c y  is improved. Of ten  t h e  improvement i n  l imes tone  format ions  i s  

s p e c t a c u l a r .  

A compressed a i r  t r ea tmen t  c o s t s  n e a r l y  300,000 p e s e t a s  ( $  2,600 * )  i n c l u -  

d ing  t r a n s p o r t  of machinery,  i n s t a l l a t i o n s  and o t h e r s ,  and 8 ,000  pese t a s /h  

( $  7O/h) du r ing  the  deve loping  p rocess  i t s e l f  (Ni i le ro la ,  J. 1987) .  A w e l l  

t r ea tmen t  with 40 tons  of  commercial h y d r o c l o r i c  a c i d  and i t s  r e s p e c t i v e  a d d i t i -  

v e s ,  compressor group and o t h e r  neccesary  e lements  c o s t s  about  1 . 5  M 

p e s e t a s  ( $  13,000). The p r i c e  of t h e  subsequent  c l e a n i n g  by pumping must be 

added. 

The c o s t  of a 200 m deep w e l l  l o c a t e d  i n  a l imes tone  format ion  i s  about 8 M 

p e s e t a s  ( $  70,000) inc lud ing  d r i l l i n g ,  8 mm t h i c k  s t e e l  c a s i n g  of 550 rnrn 

diameter  and a 125 m deep pumping chamber. According t o  ou r  e x p e r i e n c e ,  spending 

an e x t r a - c o s t  of 20 - 25% i n  c l ean ing  t h e  w e l l ,  t h e  e f f i c i e n c y  can i n c r e a s e  

between 20 and 300%. 

The curves  i n  F ig .  2 show t h e  volume of water pumped from t h e  same w e l l  

be fo re  and a f t e r  a t r ea tmen t  w i th  hydroch lo r i c  a c i d .  A marked growth i n  t h e  well 

e f f i c i e n c y  i s  ev iden t  (Ni i le ro la  and C a s t i e l l a ,  1987) 
Programming e x t r a c t i o n s .  The volume of water t o  be e x t r a c t e d  from an a q u i f e r  

depends on the  e f f i c i e n c y  of t h e  well and on t h e  n a t u r a l  r e s o u r c e s  of t h e  

a q u i f e r  

* $ i s  always r e f e r r e d  t o  U.S. d o l l a r s .  
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The f i r s t  f a c t o r  can be known from pumping tes ts ,  and must be c a r r i e d  o u t  

under o v e r s t r e s s e d  cond i t ions  i n  o r d e r  t o  make s u r e  t h a t  f i g u r e s  are n o t  

in f luenced  by f l u c t u a t i o n s  i n  p iezometr ic  l e v e l s .  

A d e t a i l e d  s tudy  of the  pumping tests p rov ides  an i n t e r e s t i n g  i n s i g h t  i n t o  

t h e  we l l / aqu i f e r  r e l a t i o n s h i p  (Benton, 1987) .  

The c o s t  of pumping t e s t s  v a r i e s  g r e a t l y .  Submerged pumps powered by genera- 

t o r s  a r e  used and t h e i r  c o s t s  i nc lude  moving, i n s t a l l a t i o n ,  and removal of t h e  

p l a n t ,  as we l l  as energy c o s t s  which vary accord ing  t o  t h e  depth  where water is 

being pumped from and the  volume of water  t o  be e x t r a c t e d .  

I n  Spa in ,  nowadays, pumping t e s t s  of 350 l /s  from a depth  of 25 m c o s t s  

about 500,000 p e s e t a s  ( $  4,350)  dur ing  t h e  f i r s t  24 h and t h e r e a f t e r  13,000 

pese t a s /h  ( $  115 /h ) ,  100 l/s from a dep th  of 100 m c o s t s  about  400,000 

p e s e t a s  3 ,475)  i n  the  f i r s t  24 h and fo l lowing  t h i s  pe r iod  of t ime 10,000 

pese t a s /h  ( $  85/h) .  F i n a l l y ,  20 1/s from a dep th  of 10 m c o s t s  about  150,000 

p e s e t a s  ( $  1 ,300)  due t o  t h e  t r a n s p o r t a t i o n ,  i n s t a l l a t i o n  and removal of 

p l a n t  and 5.500 pese t a s /h  ( $  

( $  

50/h)  due t o  pumping (AFORMHIDRO, 1987). 
However, i n  o r d e r  t o  p l an  t h e  e x t r a c t i o n s ,  i t  i s  u s u a l l y  r e q u i r e d  no t  on ly  

a good knownledge of t h e  well e f f i c i e n c y ,  bu t  a l s o  p rope r  d a t a  about  t he  be- 

haviour  of t h e  a q u i f e r .  Thus, i t  should  be cons idered  in fo rma t ion  about  exp lo i -  

t a t i o n ,  r echa rge ,  and the  performance of a q u i f e r s  and ,  i n  t h e  c a s e  o f  c o a s t a l  

a q u i f e r s ,  on s a l t w a t e r  i n t r u s i o n .  S imula t ion  models are ve ry  u s e f u l  i n  eva lua-  

t i n g  t h e  e f f e c t s  of d i f f e r e n t  t ypes  of pumping programmes on a g iven  a q u i f e r .  

Control and supe rv i s ion  of c i v i l  works, development and t e s t i n g .  The differ- 
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e n t  phases  of w e l l  c o n s t r u c t i o n  should  

t h e  development o f  t h e  work and t o  t e s t  t h e  f i t n e s s  between t h e  t e c h n i c a l  and 

f i n a n c i a l  p r e v i s i o n s  and t h e  a c t u a l  d a t a .  Obvious ly ,  t h e  i n i t i a l  p r o j e c t  w i l l  
undergo a cont inuous  p rocess  of a d a p t a t i o n  acco rd ing  t o  t h e  r e s u l t s  t h a t  are 

be ing  g o t t e n  d i r e c t l y  from t h e  work. Then, an e f f i c i e n t  management and a p rope r  
c o n t r o l  a r e  t h e  requi rements  t o  op t imize  t h e  inves tmen t .  

b e  supe rv i sed  a t  any t i m e  t o  c o n t r o l  

However, many w e l l s  a r e  c o n s t r u c t e d  o u t  of s u p e r v i s i o n  o r  c o n t r o l  because 
t h e  i n v e s t o r s  t h ink  t h i s  t a s k  i s  u s e l e s s  . This  f i r s t  s av ing  becomes ve ry  

expens ive  i n  the  long  run .  

The p r i c e  of c o n t r o l l i n g  and s u p e r v i s i n g  t h e  c o n s t r u c t i o n  of a w e l l  i n  

due t o  t h e  management o f  Spain  i f  about 5 - 10% of  t h e  c o s t  and 

t h e  development, and pumping can be about 20% of  t h e  t o t a l .  

t h e  expenses  

Pumping machinery. The i n s t a l l a t i o n  must be chosen once t h e  e x t r a c t i o n  

i n t o  cons ide ra -  p l a n s  have been s e l e c t e d .  The fo l lowing  p o i n t s  shou ld  be taken  
t i o n  (AFORMHIDRO 1987): 

- Volume of water  t o  be pumped 

- Depth of t h e  i n t a k e ,  t h a t  depends on water l e v e l s ,  pumping f low,  d i ame te r  

of w e l l s  and p o s i t i o n  of s c r e e n s .  

- Water q u a l i t y :  p h y s i c a l  p r o p e r t i e s  ( f i n e  a b r a s i v e  p a r t i c l e s  i n  wa te r  can 

damage t u r b i n e s )  and chemical p r o p e r t i e s  ( d i f f e r e n t  t ypes  of material 

should  be used depending on how c o r r o s i v e  water i s ) .  All o f  t h e s e  charac-  

t e r i s t i c s  a r e  very  impor tan t  when choosing pump, because an  adequate  e l e c -  

t i o n  o f t e n  means a long-term sav ing .  

Pumps used i n  we l l s  a r e  u s u a l l y  of t h e  fo l lowing  t y p e s :  

V e r t i c a l  pumps. Pumps a r e  powered by an e l e c t r i c  or d i e s e l  motor l o c a t e d  

o u t  of t h e  wel l ,  an axeconnec ted  t o  t h e  pump by t h e  i n t e r i o r  o f  t h e  impuls ion  

p ipe  t r a n s m i t s  t h e  movement. T h i s  k ind  of pump i s  u s u a l l y  i n s t a l l e d  a t  a maximun 

of 50 o r  60 m deep depending on t h e  w e l l  c o n d i t i o n s .  Th i s  i s  because  of t h e  

c o s t  and t h e  g r e a t  t e c h n i c a l  problems invo lved .  

Submerged e l e c t r i c  pumps. In  t h i s  c a s e ,  bo th  t h e  motor and t h e  pump are 
submerged i n  the  wa te r ,  t hey  use  e l e c t r i c a l  power and a r e  easy  t o  i n s t a l l .  T h e i r  

des ign  i s  s p e c i a l l y  adequate  f o r  g r e a t  dep ths .  S ince  s u c t i o n  problems are 

avoided because t h e r e  is  always a column o f  wa te r  o v e r  t h e  pump, maintenance 

c o s t s  are minimal, p a r t i c u l a r l y  when water i s  c l e a n .  The motor i s  comple t ly  
submerged i n t o  wa te r ,  so t h e r e  a r e  no t  o t h e r  l i q u i d s  t h a t  could  p o l l u t e  ground- 

water. 

These pumps a r e  s m a l l e r  i n  d i ame te r  than  t h e  v e r t i c a l  ones .  Nowadays i n  

Spa in ,  they  a r e  t h e  most common type  f o r  deep wells. 

Hor i zon ta l  pumps. These pumps a r e  used  i n  sha l low w e l l s ,  n o t  deeper  than  

6 - 8 m .  
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2.3 Control and maintenance of installations. 

Once the construction has been completed and the well starts working, 

control and periodic maintainance of installations and/or changes should be 

carried out to adapt it to changing circumstances. Control of extractions and 

analysis of the data obtained allow us to compare them with those initially 

foreseen. Detailed knowledge of the aquifer can be obtained and exploitation 

can be continually adapted, thus optimizing the cost-effectiveness of wells. 

Maintenance often has to be carried out on wells. Pella and Arreguin (1987) 

studied about 300 wells in an agricultural region in the North-West of Mexico. 

They conclude that restoring the hydraulic efficiency of wells impaired by the 

obstruction o f  wells by sands or carbonatic deposits, a 32% in energy costs 

would be saved. This would mean about 93,000 kWh per agricultural season. The 

example is significant and shows the importance of maintaining installations as 

well as the effect that lack of maintenance can have on running costs. In our 

opinion, the cost of re-establishing well efficiency is high, the results are 

not always those expected and there is always the risk of damaging the well. 

The progressive deterioration of the wells can be avoided with a good 

design, careful construction and a correct development. 

Normally pumps require regular maintenance depending on the conditions of 

the wells. The life of a pump will be short if fine particles are transported 
by the water or if pipes and mechanical parts of the pump may undergo corrosion. 

Maintenance costs are usually included in the project as a percentage of the 

initial capital budget as shown in Table 1 (AFORMHIDRO, 1987): 

TABLE- 1 

Estimated maintenance costs as a percentage of the initial capital budget, for 

a well intended for irrigation. 

Motor-pump group.. .................... 3% 

Distribution network ................... 1% 
Rising main ............................ 3% 

Energy transport costs ................. 2% 
Power supply .......................... 2% 

Fastening devices .................... 1% 

Sprinklers ............................. 4% 

Supply of spare parts for  mechanical pumps should always be available to 

ensure that, in the event of a break-down, pumps can be fixed in a short period 

of time. 

Often, wells have to be deepened because of over-exploitation of the aqui- 

fer. In some areas of the South-East of Spain and the Canary Islands, the level 

of water in wells has fallen about 10 m/year and the quality of the water 
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i n  t h e  w e l l s  has become g r e a t l y  impai red  . I n  some w e l l s  water  is r i s e n  about 

500 m and i n  some c o a s t a l  a q u i f e r s  c o n c e n t r a t i o n s  up t o  15 g / l  o f  sodium c h l o r i -  

de  have been found. There are s e v e r a l  consequences:  wa te r  q u a l i t y  d e c r e a s e s ,  

c o s t  r i s e s  due t o  t h e  cont inous  deepening o f  w e l l s ,  pumps must be o f t e n  r ep laced  

by more powerful ones ,  energy  consumption i n c r e a s e s ,  e f e c t i v e n e s s  d rops ,  e t c .  

Sometimes t h e  e f f e c t s  o f  t h i s  s i t u a c t i o n  a r e ,  a )  t h e  sea rch  and impor t a t ion  

of f a r t h e r  and more expens ive  r e s o u r c e s  t o  i n c r e a s e  t h e  i r r i g a t i o n  e f i c i e n c y  

and b ) ,  a c rop  s e l e c t i o n  i n  such a way t h a t  on ly  t h o s e  wi th  h igh  economic y i e l d  

su rv ive .  Other t imes ,  t h e  e x p l o i t a t i o n s  a r e  kep t  working even i f  t h e  water  has 

a bad q u a l i t y  i f  t h e r e  e x i s t s  t h e  u rgen t  n e c e s i t y  o f  supply  water  t o  t h e  d i s -  

t r i b u t i o n  network. F ina ly ,  o t h e r  t imes  i r r i g a t i o n  a r e a s  a r e  abandoned because 

of exhaus t ion  o r  sa l t  encroachment o f  a q u i f e r s  due t o  ove r -exp lo ta t ion  produced 

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

3 .  COST OF WELL CONSTRUCTION 

Wells a r e  des igned  and cons t ruc t ed  i n  d i f f e r e n t  ways depending on t h e  ava i -  

l a b i l i t y  o f  technology and f i n a n c e ,  t h e  type  of a q u i f e r  as w e l l  as t h e  use 

t h a t  w i l l  be given t o  groundwater.  

The methods used t o  d r i l l  w e l l s  depend on t h e  type o f  s u b - s o i l ,  t h e  d e p t h s ,  

t he  volumes of water, e t c .  

I n  the  fo l lowing  s e c t i o n s ,  i n fo rma t ion  about t h e  c o s t  of w e l l  c o n s t r u c t i o n  

i n  Spain  is  g iven .  P r e s e n t l y  , t h e r e  are about  5OO,OOO w e l l s  i n  o p e r a t i o n  and 

thousands of m i l l i o n  p e s e t a s  have been i n v e s t e d  ove r  t he  p a s t  20 y e a r s  i n  

d r i l l i n g  and c o n s t r u c t i n g  wel ls  f o r  t he  e x p l o i t a t i o n  o f  groundwater r e sources .  

3.1 Dug wells 

The methods used f o r  d igg ing  w e l l s  d o n ' t  need t o  be s o p h i s t i c a t e d .  A few 

meter  deep w e l l  can be dug i n  a l t e r e d  o r  l o o s e  material us ing  s imple  t o o l s  and 

c o n s t r u c t i o n  m a t e r i a l  - b r i c k s ,  c o n c r e t e ,  e t c . -  t h a t  are u s u a l l y  a v a i l a b l e  

anywhere. Personnel  do no t  have t o  be h i g h l y  q u a l i f i e d .  

Q u i s t  (1987) and Ar loso ro f f  e t  a1.(1987) p o i n t  ou t  how impor t an t  dug w e l l s  

a r e ,  t o g e t h e r  wi th  o t h e r  low c o s t  t e c h n o l o g i e s ,  i n  s o l v i n g  t h e  problems o f  

primary water  supply i n  deve loping  c o u n t r i e s .  

Wells can also be dug us ing  mechanical means when t h e s e  a r e  a v a i l a b l e .  The 

use o f  excava to r s  i n  a l l u v i a l  a q u i f e r s  and porous conc re t e  r i n g s  t o  l i n e  w e l l s  

i s  a common p r a c t i c e ,  as w e l l  as t h e  use  o f  pneumatic d r i l l s  and e x p l o s i v e s .  

Although t h e s e  wells a r e  u s u a l l y  on ly  a few meter deep ,  they  can be tens of 

meter  deep. I n  the  Canary I s l a n d s ,  dug w e l l s  can  r each  dep ths  up t o  500 m; 

h o r i z o n t a l  d r a i n s  a r e  l o c a t e d  a t  t h e  bottom. 

The c o s t  o f  t h i s  t ype  o f  w e l l  v a r i e s  g r e a t l y  depending on t h e  type  o f  

t e r r a i n ,  t h e  method o f  c o n s t r u c t i o n ,  and t h e  dep th  of t h e  w e l l .  Q u i s t  (1987) 
g i v e s  d e t a i l s  about t he  c o s t  p e r  c a p i t a  o f  w e l l s  used i n  Ghana. I n  Spa in  , t h e  
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c o s t  ( i f  undertaken by a d r i l l i n g  f i rm) i s  between 40,000 and 100,000 pesetas/m 

( $  348 - 870/m). 

3 . 2 .  D r i l l e d  wells 

W e l l - d r i l l i n g  i s  becoming an i n c r e a s i n g l y  s p e c i a l i z e d  f i e l d  as water  has  t o  

be e x t r a c t e d  from g r e a t e r  depths .  I n  developed c o u n t r i e s ,  w e l l - d r i l l i n g  is  a 
common procedure and i t  i s  u s u a l l y  o f f e r e d  and e a s i l y  a v a i l a b l e .  

Techniques used t o  d r i l l  we l l s  vary accord ing  t o  t h e  d i f f e r e n t  s i t u a t i o n s .  

One of t h e  techniques  cons idered  t o  be less s o p h i s t i c a t e d  is  t h e  pe rcuss ion  

-or cable  t o o l -  d r i l l i n g  ( a l though  s p e c i a l l y  t r a i n e d  pe r sonne l ,  a l a r g e  amount 

of machinery, t o o l s  and implements a r e  r e q u i r e d ) ,  when w e l l s  have t o  be d r i l l e d  

t o  g r e a t  depths  and l a r g e  volumes of  water have t o  be e x t r a c t e d .  

The advantage of pe rcuss ion  d r i l l i n g  is  t h a t  i t  can be used  fo r  d i f f e r e n t  

types  of t e r r a i n  and good q u a l i t y  wells can be d r i l l e d .  Its main d isadvantage  

is  t h a t  the  t ime f o r  d r i l l i n g  i s  longe r  than i n  o t h e r  methods. 

Another of i t s  advantages ,  a t  l e a s t  i n  Spa in ,  is  t h a t  t h e  machinery r e q u i r e d  

t o  c a r r y  ou t  t h i s  k ind  of j o b  i s  r e a d i l y  a v a i l a b l e  on t h e  market.  I n  some a r e a s  

i t  i s  easy  t o  f i n d  a r i g ,  capable  of d r i l l i n g  t h e  p rope r  w e l l  fo r  t h e  a q u i f e r  

i n  t h e  a r e a  and a t  a low c o s t .  Con t rac t ing  a d r i l l i n g  f i rm  t o  do t h e  j o b  has  

the  advantage t h a t  t he  f i rms  usua l ly  have t h e  machinery necessa ry  t o  d e a l  

with more complicated s i t u a t i o n s .  

Rotary d r i l l i n g  of w e l l s  i s  a h igh ly  s p e c i a l i z e d  technique .  I n  Spa in ,  

r o t a r y  d r i l l i n g  is unusual ,  and i t  is  normally perfomed us ing  machinery from 

o t h e r  f i e l d s  of underground e x p l o r a t i o n .  

La te ly ,  a t t empt s  have been made t o  in t roduce  i n  t h e  market t h e  approp ia t e  

machines f o r  t h i s  k ind  of works, capable  t o  d r i l l  wells similar i n  d iameter  t o  

those  performed with the  pe rcuss ion  technique  and ,  by d i f f e r e n t  methods, t r y  t o  

g e t  a comparable speed. 

However, t h e  c o s t  of t h e  machinery and i t s  a c c e s s o r i e s ,  t h e  l a r g e  number of 

percuss ion  d r i l l s ,  r eve r se  r o t a r y  and a i r  r o t a r y  d r i l l s  a l r e a d y  a v a i l a b l e  on t h e  

market,  and a sh r ink ing  market has  meant t h a t  t h e s e  a t t empt s  have no t  been 

s u c c e s s f u l .  

On the  o t h e r  hand, r e v e r s e  r o t a r y  d r i l l i n g  is  widely used f o r  d r i l l i n g  

we l l s  i n  unconsol ida ted  d e t r i t i c  a q u i f e r s .  Its main advantage is i ts  speed  and ,  

i n  t h i s  type of t e r r a i n  , t h e  we l l s  d r i l l e d  i n  t h i s  way are very  adequated .  

Highly q u a l i f i e d  pe r sonne l ,  advanced technology and a l a r g e  amount of machinery 

a r e  r equ i r ed .  

A i r  r o t a r y  d r i l l i n g  is  ano the r  technique  o f t e n  used  and i t s  main advantage 

i s  the  high speed of d r i l l i n g .  I t  a l s o  invo lves  h i g h l y  advanced technology and 

r e q u i r e s  h igh ly  q u a l i f i e d  personnel .  Compressed a i r  and foam a r e  used  t o  d r i l l  

the  we l l .  D r i l l i n g  i s  r epea ted  a number of times, i n c r e a s i n g  t h e  d iameter  of 

the  wel l  each t ime. Wells can be d r i l l e d  qu ick ly  us ing  t h i s  method and a r e  
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p e r f e c t l y  adequate  when l a r g e  volumes of wa te r  are no t  r e q u i r e d .  I n  S p a i n ,  t h i s  

t ype  of d r i l l i n g  is r e a d i l y  a v a i l a b l e  a lmost  anywhere i n  t h e  c o s t  i n  coun t ry .  

The technique  is b e s t  used for  medium-sized wells. That i s  the  r eason  why i t  is  

used i n  r e s e a r c h  programmes. As a r u l e ,  t h e  b i g g e r  d i ame te r  of t h e  w e l l ,  t h e  

h ighe r  t h e  c o n s t r u c t i o n  c o s t s ,  bu t  i n  t h i s  method t h i s  even is more pronounced. 

The c o s t  of d r i l l e d  wells i n c l u d e s  t h e  c o s t  of d r i l l i n g ,  c a s i n g ,  f i n i s h i n g  

and o t h e r  c o s t s  such as t r a n s p o r t  o f  machinery and a c c e s s o r i e s ,  s toppages  

beyond t h e  c o n t r a c t o r ' s  c o n t r o l ,  t a x e s  e tc .  I n  Tab les  2, 3, and 4 p r i c e s  a r e  

g iven  for  pe rcuss ion ,  r e v e r s e  c i r c u l a t i o n  (PYRSA, MACOMPANY, 1987) and a i r  

r o t a r y  d r i l l i n g .  A l l  of t h e s e  t echn iques  a r e  f r e q u e n t l y  used by eng inee r ing  

f i rms  i n  Spain .  

TABLE 2. 

Es t imated  u n i t  c o s t  of pe rcuss ion  d r i l l i n g .  (1987) 

Depth Diameter ( m m )  

(m) 700 600 500 400 300 

0 - 100 17,000 16,000 15,000 12,500 10,000 

(148) (139) (130) (109) (87) 

100 - 200 18,000 17,000 16,000 13,500 11,000 

(156) ( 1 4 8 )  (139) (117) (96) 

200 - 300 19,000 18,000 17,000 14,500 12,000 

( 165 1 (156) (148) (126) ( 104 ) 

300 - 400 

400 - 500 

19,000 18,000 15,500 13,000 

(165) (156) (135) (113) 

19,000 16,500 14,000 

(165) (144) (122) 

500 - 600 17,500 15,000 

( 152) (130) 

lQ000 - cost expressed in pesetas/rn 

(87) - cost expressed in $/in 

Many t imes ,  t h e  e x p l o i t a t i o n  of d e t r i t i c  a q u i f e r s  r e q u i r e s  t h e  use  of 

g r a v e l  t o  s t a b i l i z e  the  walls and t o  r e t a i n  t h e  f i n e  p a r t i c l e s .  

The c o s t  of t h i s  o p e r a t i o n  depends on t h e  market p r i c e  of g r a v e l ,  t he  

c o s t  of t r a n s p o r t i n g  i t  t o  t h e  well-si te and i t s  p l a c i n g  i n  t h e  c o r r e c t  pos i -  

t i o n .  I n  S p a i n , t r a n s p o r t  and d e l i v e r y  of round-stoned s i l i c e o u s  g r a v e l  can c o s t  

between 6,000 and 10,000 p e s e t a s / t  ( $  52-87/t) and p l a c i n g  i t  i n  p o s i t i o n  c o s t s  

between 500 and 1,000 pesetas/m ( $  4-9/m). 

F i n i s h i n g  a well e n t a i l s  s e a l i n g  the  bo t ton  and i s o l a t e  t h e  a q u i f e r  from 

t h e  s u r f a c e  us ing  conc re t e .  Th i s  i s  normally done du r ing  t h e  d r i l l i n g  p rocess .  
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A r i n g  is  p laced  a t  t h e  r equ i r ed  depth  and t h e  space  between t h e  well 
cas ing  and t h e  s h a f t  i s  f i l l e d  i n  wi th  conc re t e .  The c o s t  of t h i s  o p e r a t i o n  i n  

Spain i s  between 3,000 and 12,000 pesetas/m ( S  26-105/m) p l u s  t h e  t ime t h e  

d r i l l i n g  r i g  i s  stopped whi le  t h e  cement s e t s .  Sometimes a t r ench  is dug around 

t h e  wel l  and t h i s  i s  f i l l e d  i n  wi th  s e v e r a l  cubic  metres o f  c o n c r e t e .  The c o s t  

of f i n i s h i n g  a w e l l ,  even i n  t h i s  c a s e ,  is  u s u a l l y  l e s s  than  5% o f  t h e  t o t a l  

c o s t  of t he  well. 
TABLE 3.  

Est imated  u n i t  c o s t  of r e v e r s e  r o t a r y  d r i l l i n g  (1987) 

Depth 

( m )  

Diameter (mm)  
400 700 600 500 300 

0 - 100 15,000 14,000 12,000 9,000 

(130) (122) (104) (78) 

100 - 200 16,000 15,000 13,000 10,000 

(139) (130) (113) (87) 

200 - 300 17,000 16,000 14,000 11,000 

(148) (139) (122) (96)  

300 - 400 17,000 15,000 12,000 10,000 

(148) (130) (104) (97)  

400 - 500 16,000 13,000 11,000 

(139) (113) (96)  

500 - 600 14,000 12,000 

(122) (104) 

10,030 - cost expressed in pesetas/m 

(8’1) - cost expressed in %/m 

TABLE 4.  

Estimated u n i t  c o s t  of a i r  r o t a r y  d r i l l i n g  (1987) 

Depth Diameter of Widening 

( m )  P e r f o r a t i o n  (mm) as from 220 mrn 

380 310 220 445 380 310 

0 - 100 15,000 11,500 6,250 15,000 9,500 6,500 

(130) (100) (54)  (130) (83)  (57)  

100 - 200 18,500 13,500 7,200 19,000 12,000 7,500 

(161) (117) (62) (165) (104) (65)  

200 - 300 22,000 15,300 8,000 24,500 15,000 8,700 

(191) (133) (70)  (213) (130) (76)  

10,030 - cost expressed in  peseta& 

(87) - cost expressed i n  %/m 
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Often t h e  problems encountered  i n  d r i l l i n g  deep w e l l s  r e q u i r e  t h e  use of 

a u x i l i a r y  p i p e s  t o  s t a b i l i z e  t h e  walls of t h e  w e l l  t o  l e t  t h e  p rocess  of deepe- 

n ing  con t inue .  The use  of t h e s e  p i p e s  cannot  be f o r e s e e n  i n  t h e  i n i t i a l  p r o j e c t  

u n l e s s  very d e t a i l e d  c h a r a c t e r i s t i c s  of t h e  format ion  t o  be d r i l l e d  a r e  known. 

T h e i r  use can g r e a t l y  r a i s e  t h e  t o t a l  c o s t  of d r i l l i n g  because of t h e  p r i c e  of 

t h e  p ipes  themselves  ( a  20% p l u s  as d e p r e c i a t i o n  ) ,  as well as i n s t a l l a t i o n  

and removal c o s t s ,  t h a t  would be between 500 and 1 , 8 0 0  pesetas/m ( $  4 -15/m). 
The c o s t  o f  a u x i l i a r y  p i p e s  can account  f o r  a s i g n i f i c a n t  p a r t  of t h e  c o s t  of 

some wells, p a r t i c u l a r l y  p e r c u s s i o n - d r i l l e d  wells where they  are most f r equen t -  

l y  used. They can come t o  r e p r e s e n t  over  10% of t h e  t o t a l  c o s t  o f  t h e  w e l l .  

Well - cas ings  are u s u a l l y  made of s teel  p l a t e .  F i l t e r  s c r e e n s  a r e  l o c a t e d  

i n  s p e c i f i c  p a r t s  of t h e  c a s i n g .  The c o s t  of wel l -cas ings  depends on t h e  c o s t  

of i n s t a l l a t i o n  as g iven  above. Tab le s  5 and 6 g i v e  t h e  p r i c e  of p i p e s ,  b r idge  

s l o t  s c reens  o r  t oo l -p res sed  p i p e s  a t  t h e  w e l l - s i t e  (PYRSA, MACOMPANY, 1987). 

TABLE 5. 
Es t imated  u n i t  c o s t  of w e l l  ca s ing  (1987) 

10,oOO - cost expressed in p e s e t a s l m  

(87) - cost expressed i n  $/m 

TABLE 6. 
Es t imated  u n i t  c o s t  of b r i g d e  s l o t  s c reens  f o r  w e l l s  (1987) 
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Often ,  a s l o t  i s  made i n  the  wel l -cas ing  us ing  a blow. The increase i n  t h e  

i n  the  c o s t  of the  wel l -cas ing  i s  l e n s  than  2,000 pesetas/m ( $  17/m) 
3.3.  Other t ypes  of wells. 

G a l l e r i e s  and tunne l s  have f r e q u e n t l y  been used i n  t h e  p a s t  a l though  they  

have p rogres s ive ly  f a l l e n  i n t o  d i s u s e  - probably due t o  t h e  f a c t  t h a t  t h e i r  

cons t ruc t ion  normally r e q u i r e  q u a l i f i e d  pe r sonne l  and machinery and long  pe r iods  

of t ime.  

Never the less  , i n  areas such as t h e  Canary I s l a n d s ,  where they  have t r a d i -  

t i o n a l l y  c o n s t i t u t e d  a main source  of water  supply ,  g a l l e r i e s  and t u n n e l s  c o n t i -  

nue t o  be cons t ruc t ed  and deepened the  e x i s t i n g  ones.  However t h e r e  has  been a 
d e c l i n e  i n  t h i s  type of c o n s t r u c t i o n  and d r i l l e d  wells are becoming inc rea -  

s i n g l y  popular .  

The c o s t  o f  g a l l e r i e s  can vary g r e a t l y  depending on t h e  type  of t e r r a i n  i n  

which they a r e  loca t ed  and t h e  type of c a s i n g  r equ i r ed .  Cos ts  may be as h igh  as 
150,000 pesetas/m ( $  1,300/m). 

Di tches  a r e  used where s o i l  i s  s l i g h t l y  permeable o r  where water is  c l o s e  

t o  the  s u r f a c e .  Mechanical d i g g e r s ,  porous conc re t e  p i p e s  and g r a v e l  are used 

i n  t h e i r  c o n s t r u c t i o n .  Di tches  can a l s o  be cons t ruc t ed  manually us ing  cons t ruc -  

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

They a r e  quick and easy  t o  c o n s t r u c t  w i th  materials t h a t  are r e a d i l y  ava i -  

l a b l e  anywhere. Using mechanical means f o r  t h e i r  c o n s t r u c t i o n  , p r i c e s  can 

range from 10,000 pesetas/m t o  30,000 pesetas/m ( $  87 - 261/m) 

Wel l -poin ts  and d r i v i n g  we l l s  have n o t  been o f t e n  used i n  Spa in  over  t h e  

p a s t  few y e a r s .  The advantages  of t h i s  t ype  of well l i e  i n  t h e  f a c t  t h a t  t h e  

demand f o r  small q u a n t i t i e s  of water  can be s a t i s f i e d  by connec t ing  them t o  a 

manual pump, bu t  i n  case  t h a t  l a r g e  q u a n t i t i e s  of water are r e q u i r e d ,  t h e  

connec t ion  of a mechanical pump t o  a set  of t h i s  k ind  of wel ls  may supply  t h e  

needs 

3 .4  Withdrawal p l a n t  

The type of machinery used i n  a we l l  is  of v i t a l  importance for  e x t r a c t i o n s .  

The pumping machinery must be choosen accord ing  t o  t h e  type  of a q u i f e r  and 

t h e  volume of water r equ i r ed  i n  o r d e r  t o  opt imize  c o s t s .  I f  t h e  pump is t o o  

l a r g e  o r  i n e f f i c i e n t ,  e f f e c t i v i n e s s  is  reduced ,  energy consumption r i s e s  and t h e  

t o t a l  c o s t s  i n c r e a s e .  Thus, t h e  e l e c t i o n  of a pump should  look  f o r  e f f i c i e n c y  

and good q u a l i t y  of t h e  m a t e r i a l s .  I n  t h e  long term, each  cubic  meter  of water  

w i l l  be cheaper ,  i f  t hese  f a c t o r s  were taken  i n t o  c o n s i d e r a t i o n .  

The fo l lowing  p o i n t s  should  be taken  i n t o  account  when s e l e c t i n g  a pump f o r  

a we l l :  

- C h a r a c t e r i s t i c s  of t h e  w e l l :  d ep th ,  d i ame te r ,  p o s i t i o n  and type  of 

s c reens ,  e t c .  



96 

- Hydraul ic  c h a r a c t e r i s t i c s  of t h e  w e l l  and t h e  a q u i f e r :  y i e l d ,  s t a t i c  water  

l e v e l  and i t s  seasona l  changes ,  dynamic water  l e v e l ,  e t c .  

- Volume, use  and d e s t i n a t i o n  of t h e  water  r e q u i r e d  ( i n c l u d i n g  d e p o s i t s ,  

r e s e r v o i r s ,  e t c  ) .  

- A v a i l a b i l i t y  of power supply and pumping power. 

The c o s t  of i n s t a l l i n g  a pumping system can be broken down i n :  

- The pumps themselves.  

- Ris ing  mains,  water  l e v e l  s e n s o r s ,  c o u p l i n g s ,  p l a t e s ,  v a l v e s ,  f i t t i n g s ,  

elbows, sc rews ,  e t c .  

- E l e t r i c i t y  power supply :  h igh  and mediun v o l t a g e ,  c o n v e r t e r ,  c o n t r o l  

board ,  waterproof  e l e c t r i c  c a b l e s ,  au tomat ic  wa te r  l e v e l  s e n s o r s ,  e t c .  

- Mate r i a l  - t r a n s p o r t  and i n s t a l l a t i o n .  

- C i v i l  works. 

- Other expenses:  p l a n t  i n s t a l l a t i o n  and t a x e s  

Table 7 shows some c o s t  e s t i m a t i o n s  c a r r i e d  o u t  by AFORMHIDRO (1987)  i n  a 

common s i t u a t i o n  where water is  pumped from a w e l l  t o  a d e p o s i t  a t  t h e  s u r f a c e  

us ing  submerged pumps ( t h e  most popular  t ype  i n  Spain  a t  p r e s e n t ) .  T ranspor t  

and d i s t r i b u t i o n  of t h e  wa te r  and e l e c t r i c a l  expenses  must be inc luded  i n  t h e  

t o t a l  cha rges  ( n e a r  1,s M pese tas /km,  $ 13,05O/km). 

TABLE 7. 
Cost estimtions for machinery system in a well 

c o s t  

Yield Deep Power Rrrp, Rnp F'ipes, Valves, Electric Installation Total Cost 

efficiency Anchors, futamtic,  Cables 

l/s (m) (HP) X Level sf?nsors,. . . 



4. SUMMARY AND CONCLUSIONS 

The construction of groundwater works should only be undertaken once cost-- 

benefit analyses have been made and contrasted with other possible alternative 

sources of supply, e.g. using other groundwater resources or surface water. 

Whereas the cost of constructing a well is easy to calculate, it is not so 

easy to evaluate the benefits obtained from the water extracted. These benefits 

can be measured in economic terms only when water forms part of an industrial 

or agricultural process. When the goal of the exploitation is satisfy primary 

water supply, these benefits only can be measured in terms of social profit or 
improved standard of living. 

In many developing countries, the construction of wells means improvements 

in public health, less time to collect water, that is, time for  other activi- 

ties, . . .  thus the development of society. 

The cost of groundwater explotation can not be calculated out of the socio- 

economic context, that includes management, use and control of the water 

resources. 

The cost-effectiveness of wells depends on factors such as location, design, 

construction, development, extraction policy, machinery and maintenance of 

installations. 

Many times, the abstraction work can be affected by external factors such 

as over-exploitation, pollution, etc, that only in some cases can be restored 

(deepening wells, increasing pumping capacity, sealing wells, etc), in order to 

go back to the initial values. In any case, that implies new investments and 

increasing maintenance costs. 

The contruction of a well combines the available technological and financial 
resources and must take into account the aquifer and the use of the water. 

Projects should detail the complete work and each different part (previous 

tests, the way to carry out each step, etc), their prices and the maintenance 

and amortization forecasts. 

Operating and maintenance previsions, estimated according to previous 

experience are not always accurate because data are scarce and incomplete. It 

is very convenient make the users responsible f o r  the operation, maintenance 
and even control of the well. 

Bearing in mind how important the groundwater resource is, and in order to 

satisfy the demand f o r  water .supplies and the large volumes extracted, it is 

needed to optimize all the factors that affect the work. The most important 

ones, among others, are contruction, pumping and maintenance. This would save 

investment costs as well as energy and maintenance expenses. 
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