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ABSTRACT 

From t h e  v i e w - p o i n t  o f  e c o n o m i c  g e o l o g y  g r o u n d  w a t e r  i s  a 
m i n e r a l  r e s o u r c e  o f  p r i m e  i m p o r t a n c e .  I t s  u s e  a n d  e c o n o m i c  v a l u e  
i s  s t e a d i l y  g r o w i n g  a l l  o v e r  t h e  w o r l d .  T h e  a c t i v i t y  o f  t h e  
g r o u n d  w a t e r  i n d u s t r y  i s  n o w a d a y s  on  t h e  f o c u s  o f  t h e  p u b l i c  
i n t e r e s t .  Economic  a n d  f i n a n c i a l  f a c t o r s  c a n  g r e a t l y  i m p r o v e  t h e  
p e r f o r m a n c e  a n d  e f f i c i e n c y  o f  g r o u n d  w a t e r  i n d u s t r y .  The  u t i l i z a -  
t i o n  o f  g r o u n d  w a t e r  r e s o u r c e s  i s  c h a r a c t e r i z e d  by  a g r e a t  v a r i e t y .  
A l l  w e l f a r e  a n d  s o c i a l  p r o g r a m s  a r e  h i g h l y  a f f e c t e d  by t h e  h y d r o -  
e c o n o m i c s  a n d  by w a t e r  s u p p l y  e c o n o m i c s .  Some e x a m p l e s  o f  s p e c i a l  
g r o u n d  w a t e r  u s e  i n  H u n g a r y  a n d  t h e i r  e c o n o m i c  i m p o r t a n c e .  

1 INTRODUCTION 

I t  i s  w e l l  known t h a t  g r o u n d  w a t e r  s u p p l i e s  a r e  o f  g r e a t  

e c o n o m i c  v a l u e  a l l  o v e r  t h e  w o r l d .  From t h e  p o i n t  o f  v i e w  o f  

e c o n o m i c  g e o l o g y  g r o u n d  w a t e r  i s  a m i n e r a l  r e s o u r c e  o f  p r i m e  

i m p o r t a n c e .  M e i n z e r ,  O . E . ,  t h e  d i s t i n g u i s h e d  A m e r i c a n  H y d r o g e o l o -  

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

a c h i e v e m e n t s  o f  c i v i l i z e d  man h a s  b e e n  t h e  a b i l i t y  t o  p r o v i d e  

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

e a r t h  w h e r e  s u r f a c e  w a t e r s  a r e  l a c k i n g  o r  u n u s u a b l e .  The  u s e  o f  

g r o u n d  w a t e r  i s  s t e a d i l y  g r o w i n g  a n d  became  h i g h l y  d i v e r s i f i e d .  

I t s  e c o n o m i c  v a l u e  i s  a l s o  g r a d u a l l y  i n c r e a s i n g  a n d  f o r  t h i s  r e a s o n  

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

o f  t h e  p u b l i c  i n t e r e s t  a n d  s o c i a l  w e l f a r e .  A s  a r e s u l t ,  h y d r o e c o -  

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

e c o n o m i c  e v a l u a t i o n  a n d  a s s e s s m e n t  o f  g r o u n d  w a t e r  p r o d u c t i o n ,  

d i s t r i b u t i o n  a n d  u s e .  Economic  a n d  f i n a n c i a l  f a c t o r s  c a n  g r e a t l y  

i m p r o v e  t h e  p e r f o r m a n c e  a n d  e f f i c i e n c y  o f  t h e  g r o u n d  water i n d u s -  
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t r y .  C o n s e q u e n t l y ,  a l l  w e l f a r e  a n d  s o c i a l  p r o g r a m s  a r e  h i g h l y  

a f f e c t e d  by  water s u p p l y  e c o n o m i c s  a n d  by t h e  h y d r o e c o n o m i c s .  We 

a r e  aware o f  t h e  f a c t  t h a t  many t h i n g s  c a n  b e  d o n e  t o  e n h a n c e  a n d  

t o  i m p r o v e  g r o u n d  w a t e r - u s e  e f f i c i e n c y .  

2 UTILIZATION OF G R O U N D  WATER RESOURCES 

2 . 1  G e n e r a l  a s p e c t s  

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

by a g r e a t  v a r i e t y .  A p a r t  f r o m  g r o u n d  w a t e r  w i t h d r a w a l s  f o r  

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

l a r g e s t  c o n s u m p t i v e  u s e  i s  r e p r e s e n t e d  by  i r r i g a t i o n .  I t  was 

r e p o r t e d  t h a t  i n  t h e  t h i r d  W o r l d  a b o u t  2 5 0  b i l l i o n  US $ h a v e  

a l r e a d y  b e e n  i n v e s t e d  i n  i r r i g a t i o n  a n d  t h e  W o r l d  Bank d e v o t e d  

a b o u t  30 p e r  c e n t  o f  a l l  a g r i c u l t u r a l  l e n d i n g  t o  i r r i g a t i o n .  

M o r e o v e r ,  i t  was p r e d i c t e d  t h a t  a b o u t  100  b i l l i o n  US $ m o r e  w i l l  

b e  s p e n t  b e f o r e  t h e  y e a r  2000 t o  c r e a t e  g r e a t e r  c a p a c i t y .  A t  t h e  

same  t ime r e v e n u e s  c o l l e c t e d  f r o m  f a r m e r s  c o v e r  o n l y  10  t o  2 0  p e r  

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

I t  m u s t  b e  n o t e d  t h a t  a c o n s i d e r a b l e  p a r t  o f  t h e  w a t e r  

s u p p l y  f o r  i r r i g a t i o n  p u r p o s e s  i s  s t e m m i n g  n o w a d a y s  f r o m  s u b s u r f a c e  

a q u i f e r s .  A g r i c u l t u r a l  e n g i n e e r s ,  e s p e c i a l l y  i n  h i g h l y  d e v e l o p e d  

c o u n t r i e s ,  h a v e  w o r k e d  o u t  m e t h o d s  w h i c h  u t i l i z e  t h e  t i m i n g ,  

f r e q u e n c y  a n d  u n i f o r m i t y  o f  w a t e r i n g  s y s t e m s  t o  m a x i m i z e  e f f i c i e n c y  

a n d  r e d u c e  waste a n d  o p e r a t i n g  c o s t s .  S u c h  a d v a n c e m e n t s  i n  

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

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

a b o u t  9 . 8  m i l l i o n  h a .  A l l  k i n d s  o f  e c o n o m i c  a n d  f i n a n c i a l  i n c e n t i -  

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

s y s t e m s ,  e s p e c i a l l y  p u b l i c  s y s t e m s .  

P r o p e r  e c o n o m i c  c o n s i d e r a t i o n  h a s  t o  b e  p a i d  t o  g r o u n d  

w a t e r  w i t h d r a w a l s  f o r  d r i n k i n g  p u r p o s e s  a n d  f o r  o t h e r  p u b l i c  



supplies. Due to the ever growing demand o f  these supplies an 

intense effort must be made to meet and satisfy them. The cost 

of ground water extraction and distribution is differing from 

place to place. Recently a great attention is paid on ground 

water quality too. F o r  protecting drinking water resources and 

supplies a comprehensive water-quality planning and preventive 

control is needed which means, o f  course, considerable extra 

costs. In addition, however, all branches of  ground water use 

/agricultural, industrial, rural, domestic, stock supplies/ will 

be more and more expensive due to increased costs o f  aquifer 

development, well construction, equipments, distribution facili- 

ties, quality controls, monitoring, etc./. 

It is widely and generally experienced that regional public 

water supply and the centralized rural water system is usually 

more economical than the individual scattered water supply system 

due to the reduced operating costs. More recently electronics 

telecommunication and automation is playing a very important role 

in the cost-effective operation of modern Water Works. 

2 . 2  Some examples o f  special ground water use in Hungary 

In many parts o f  the world great volumes o f  ground water 

have to be pumped to make access to underground ore and mineral 

deposits. It is usually an expensive, time-consuming, costly 

operation. Many cubic meters o f  ground water have t o  be removed 

f o r  each ton o f  minerals or ores. 

A remarkable and instructive example o f  this kind of ground 

water withdrawal activity is underway in Hungary. Here in the 

Transdanubian Middle Range territory more than 11.2 m / s  karstic 

water extraction is needed through great diameter shaft-wells f o r  

the interest of underground brown coal and bauxite mining because 

these mineral deposits occur below the static karstic 

3 
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w a t e r  l e v e l .  E a r l i e r  t h e  c o s t  o f  k a r s t i c  w a t e r  p u m p i n g  was p u t  

o n  t h e  p r o d u c t i o n  c o s t  o f  t h e  m i n e r a l  m i n i n g .  L a t e r  t h e  i n c r e a s e d  

v o l u m e  o f  w a t e r  e x t r a c t i o n  made t h e  p u m p i n g  r a t h e r  e x p e n s i v e .  T h e  

p r i c e  o f  t h e  w a t e r  w i t h d r a w a l  i s  c h a n g i n g  a c c o r d i n g  t o  t h e  g i v e n  

g e o g r a p h i c a l  s i t e .  The  c o s t  o f  w a t e r  p r o d u c t i o n  i s  c o m p o s e d  o f  

- d e p r e c i a t i o n  

- e n e r g y  

- m a t e r i a l s  

- t r a n s p o r t  

- m a i n t e n a n c e  

U n d e r  c e r t a i n  c i r c u m s t a n c e s  t h e  o p e r a t i o n  o f  a c o a l - m i n e  may b e  

u n e c o n o m i c a l  d u e  t o  t h e  g r e a t  c o s t s  o f  d e w a t e r i n g  a c t i v i t y .  

G e n e r a l l y  t h e  c o s t  o f  pumped k a r s t i c  w a t e r  i s  c h a n g i n g  f r o m  a f e w  

c e n t s  t o  25  c e n t s  p e r  m . 3 

S i n c e  t h e  e x t r a c t e d  k a r s t i c  w a t e r  h a s  a n  e x c e l l e n t  q u a l i t y  

a n d  s u i t a b l e  f o r  d r i n k i n g  p u r p o s e s ,  i t  i s  s o l d  by  t h e  m i n i n g  

company  t o  t h e  D i s t r i c t  W a t e r  Works  a n d  i s  d i s t r i b u t e d  t h r o u g h  

p i p e l i n e - s y s t e m  t o  t h e  c o n s u m e r s .  T h i s  a c t i v i t y  r e p r e s e n t s  a n  

e c o n o m i c ,  c o s t - s a v i n g  o p e r a t i o n  b e c a u s e  i t  r e d u c e s  t h e  k a r s t i c  

w a t e r  w i t h d r a w a l  e x p e n s e s .  I t  m u s t  b e  n o t e d ,  h o w e v e r ,  t h a t  f o r  

t h e  t i m e  b e i n g ,  o n l y  3 0  p e r  c e n t  o f  t h e  t o t a l l y  e x t r a c t e d  w a t e r  

i s  g e t t i n g  i n t o  t h e  d r i n k i n g  w a t e r  d i s t r i b u t o r y  s y s t e m .  T h e r e f o r e ,  

t h e  g r e a t e r  p a r t  o f  t h e  pumped w a t e r  i s  g e t t i n g  l o s t .  

A s p e c i a l  a n d  u n i q u e  g r o u n d  w a t e r  u s e  i s  d e v e l o p e d  i n  H u n g a r y  

i n  t h e  f o r m  o f  t h e r m a l  w a t e r  u t i l i z a t i o n .  I t  h a s  a c o n s i d e r a b l e  

s o c i o - e c o n o m i c  b e n e f i t s .  H u n g a r y  a s  a t y p i c a l  i n t e r m o n t a n e  

s e d i m e n t a r y  b a s i n  i s  c h a r a c t e r i z e d  by  f a v o r a b l e  g e o t h e r m a l  c o n d i -  

t i o n s  a n d  a s  a c o n s e q u e n c e ,  g r e a t  t h e r m a l  w a t e r  r e s o u r c e s ,  t h a t  i s ,  

r i c h  low e n t h a l p y  g e o t h e r m a l  r e s o u r c e s  a r e  a v a i l a b l e .  The  t h e r m a l  

w a t e r - b e a r i n g  f o r m a t i o n s  a r e  o c c u r r i n g  a t  a d e p t h  i n t e r v a l  f r o m  a 

f e w  h u n d r e d  t o  2 5 0 0  m e t e r s  or e v e n  d e e p e r .  The  g e o t h e r m a l  w e l l s  
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are supplying hot waters with a well-head temperature o f  30 up to 

100 degrees Celsius while the average yield o f  an individual 

well amounts 10-20 litres/s. For the time being, there are about 

600 operating thermal wells in the country. 

The utilization o f  thermal water is widespread and diversi- 

fied. The main branches of utilization are, as follows, 

- b a l n e o l o g i c a l - t e r a p e u t i c a l ,  

- agricultural-horticultural heating, 

- district and space heating, 

- drinking and domestic water supply, 

- industrial, 

- mineral water bottling. 

The use of thermal water f o r  balneological and therapeutical 

purposes has an old tradition and has a favorable impact and 

benefit on the national health conditions and made possible to 

build a modern infraestructure of  balneotherapeutical stations 

and facilities, bathing resorts and centers of thermal tourism. 

Especially the thermal tourism is recently a flourishing branch 

with great economic advantages. F o r  the time being, a total of 

145 thermal baths are operating in Hungary. 

A very efficient use of thermal water with low-enthalpy 

geothermal energy content is the heating of glasshouses, greenhou- 

ses, plastic tents and tunnels and soil-heating. The geothermal 

capacity of a normal average thermal well amounts about 3 to 5 MW. 

Actual annual average use of geothermal energy in 1 9 8 6  amounted to 

3 3 0  MW. Glasshouses totalling about 7 O O . 0 0 0  m , while plastic 

tent-tunnel systems of about 1.200.000 m2 are heated by thermal 

water, that is, by geothermal energy, these facilities are produ- 

cing tomato, paprika, cucumber and other vegetables, further 

carnation, roses and hortensias. Cow stalls, pigsties, chicken 

houses are also heated by thermal water. Some geothermal drying 

2 
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a n d  o n e  c o o l i n g  p l a n t  a r e  u s e d  f o r  c o n s e r v a t i o n  o f  g r a i n s ,  f r u i t s  

a n d  v e g e t a b l e s .  I n  a d d i t i o n ,  some f i s h  p o n d s  a r e  s u p p l i e d  b y  

t h e r m a l  w a t e r .  R e l a t i v e l y  l o w  t e m p e r a t u r e  w a t e r  o f  35 t o  4 5  O C  i s  

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

The  e s t i m a t e d  t o t a l  h e a t  p r o d u c t i o n  r e f e r r e d  t o  + 1 5  O C  i n  

t h e  f i e l d  o f  a g r i c u l t u r a l  u t i l i z a t i o n  i s  a b o u t  1 ' 5 5  x J / y e a r  

( 5 0 0  M W t ) .  

1 0  d i s t r i c t  a n d  s p a c e  h e a t i n g  p l a n t s  p r o v i d e  h e a t i n g  a n d  

3 w a r m  wa te r  s u p p l y  f o r  a b o u t  3500 f l a t s  w i t h  m o r e  t h a n  7 O O . 0 0 0  m 

h e a t e d  s p a c e .  

The  e s t i m a t e d  c a l o r i f i c  v a l u e  o f  t h e  g e o t h e r m a l  e n e r g y  u s e d  

J / y e a r  ( 4  f o r  d i s t r i c t  a n d  a p a r t m e n t  h e a t i n g  i s  a b o u t  1 ' 2 5  

M W t  1 .  

x 1 0 1 4  

I n  c e r t a i n  p a r t s  o f  t h e  c o u n t r y  t h e r m a l  w a t e r s  e v e n  u p  5 0  t o  

6 0  O C  a r e  s u i t a b l e  f o r  d r i n k i n g  p u r p o s e s  a n d  a s  d o m e s t i c  wa te r  

d u e  t o  t h e i r  g o o d  q u a l i t y .  

T h e r e  a r e  11 t h e r m a l  w e l l s  w h i c h  s u p p l y  w a t e r  o f  4 0  t o  50  

c e n t i g r a d e s  f o r  h e m p - p r o c e s s i n g  p l a n t s .  

A v e r y  e f f i c i e n t  a n d  c o s t - e f f e c t i v e  way i s  t h e  m u l t i p u r p o s e  

u t i l i z a t i o n  o f  t h e  t h e r m a l  w a t e r  w h i c h  e l i m i n a t e s  a n y  w a s t i n g  o f  

t h e  a v a i l a b l e  t h e r m a l  wa te r  r e s o u r c e s .  A r e m a r k a b l e  e x a m p l e  o f  

t h e  m u l t i p u r p o s e  u t i l i z a t i o n  o f  t h e  t h e r m a l  w a t e r  i s  t h e  m u n i c i p a l  

h o s p i t a l  o f  S z e n t e s  i n  t h e  s o u t h e r n  p a r t  o f  t h e  G r e a t  H u n g a r i a n  

P l a i n  . The h o s p i t a l  was h e a t e d  a n d  s u p p l i e d  w i t h  d o m e s t i c  wa te r  

o f  7 9  O C ,  w h i l e  t h e  n e a r b y  m u n i c i p a l  b a t h  a n d  swimming  p o o l  a s  w e l l  

a s  t h e  n e i g h b o u r i n g  g r e e n h o u s e  c o m p l e x  w e r e  s u p p l i e d  by  t h e  same 

t h e r m a l  w a t e r .  The  m u l t i p u r p o s e  u t i l i z a t i o n  o f  t h e  t h e r m a l  w a t e r  

i s  a h i g h l y  d e s i r a b l e  o b j e c t i v e  w h i c h  was r e a l i z e d  i n  many p a r t s  of 

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

t h e  m o s t  f a v o r a b l e  r e g i o n  f o r  t h e  m u l t i p u r p o s e  u t i l i z a t i o n .  

The  e x p l o i t a t i o n  a n d  u t i l i z a t i o n  o f  t h e r m a l  w a t e r s ,  e s p e c i a l l y  
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those o f  above 60 degrees Celsius, is a viable and feasible 

operation under present economic conditions regarding the capital 

cost and all relevant costs, such as, drilling, well construction 

and operation, installation, equipments, instrumentation, housing 

f o r  pumps, maintenance, labor and material costs, piping and used 

water disposal. It was generally experienced in the last two o r  

three decades that the cost o f  geothermal heating o f  agricultural 

facilities as well as the district and space heating could be 

significantly reduced below the cost o f  conventional heating with 

fossil fuels. F o r  the users o f  thermal water /mostly cooperatives, 

state farms, municipalities, hospitals and schools/ subsidy o r  

long-term loans were granted by the state. In addition, especially 

in the agricultural sector, there is no obligation o f  any charge o r  

fee f o r  using thermal water. 

The present economic structure o f  Hungary makes it impossible 

to compare costs relevant to the thermal water development and 

utilization with countries o f  different conditions. Increasing 

energy prices and the swiftly changing economic scene prevent any 

definite statement to be made everywhere. 

There is a special case f o r  selling thermal water in a 

highly frequented bathing resort, Hajduszoboszl6, in East-Hungary. 

The water prospecting and drilling company of VIKUV has here 3 

thermal wells yielding hot water o f  75 centigrades Celsius tempera- 

ture. This valuable and curative thermal water is collected in 

tanks from where it is pumped to the bathing facilities in a 

quantity o f  more than 1 million m 3  per year for about 25  cent per 

m . This thermal water production and selling activity is very 

economical f o r  the company VIKUV. 

3 

Another remarkable example o f  utilization o f  thermal water 

can be quoted from South-Hungary near the city of Szeged where a 

successful and profitable secondary oil recovery is taking place 
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i n  t h e  A l g y B - o i l  f i e l d  by t h e  p a r t i a l  u s e  o f  t h e r m a l  water .  The  

t h e r m a l  g r o u n d  w a t e r  i s  e x t r a c t e d  f r o m  P l i o c e n e  m u l t i - l a y e r  s a n d  

f o r m a t i o n  a t  a d e p t h  i n t e r v a l  f r o m  1 0 0 0  t o  1 5 0 0  mete r s  t h r o u g h  1 2  

t h e r m a l  w e l l s .  The p r o d u c e d  t h e r m a l  wa te r  i s  o f  g o o d  q u a l i t y  a n d  

h a s  a w e l l - h e a d  f l o w i n g  t e m p e r a t u r e  o f  50 t o  60  O C .  T h e s e  t h e r m a l  

w e l l s  a r e  y i e l d i n g  a t o t a l  o f  1 0 . 0 0 0  m 3  w a t e r  p e r  d a y  a n d  t h e  water  

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

p e r i p h e r y  o f  t h e  o i l  f i e l d  i n t o  t h e  o i l  p r o d u c i n g  f o r m a t i o n .  By 

t h i s  w a t e r - d r i v e  a n d  w a t e r - f l o o d i n g  o p e r a t i o n  a d d i t i o n a l  o i l  

p r o d i c t i o n  c a n  be  o b t a i n e d  w i t h  c o n s i d e r a b l e  e c o n o m i c  b e n e f i t s .  

T h e  r e c o v e r a b l e  o i l  r e s e r v e s  by p r i m a r y  r e c o v e r y  w e r e  e s t i m a t e d  a s  

much a s  2 0  t o  2 5  p e r  c e n t  w h i c h  c a n  b e  i n c r e a s e d  by t h e  u s e  o f  

s e c o n d a r y  r e c o v e r y  a s  much a s  4 5  p e r  c e n t .  I t  means  a much h i g h e r  

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


