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Abstract  

E a r l i e r  geothermal resource  as- 
sessment of Xungary was made assuming 
t r a d i t i o n a l  product ion  tec-hnology 
without r e i n j e c t i o n .  Product ion w i t h  
r e i n j e c t i o n  makes p o s s i b l e  the more 
e f f e c t i v e  hea t  e x t r a c t i o n  from both 
t h e  water  and t h e  r e s e r v o i r  rock. 
U s i n g  borehole da t a  /depth, r e s e r v o i r ,  
th ickness ,  po ros i ty ,  temperature etc./ 
geothermal energy r e se rve  is computed 
f o r  the so-cal led upper Pannonian 
aqu i f e r .  Reserve recovery f a c t o r  is 
a l s o  determined. 

Int roduc t i0.n 

Anomalous geothermal cond i t ions  
of Hungary a r e  known since Roman age. 
Thermal sp r ings  of Budapost have been 
used s i n c e  t h a t  time f o r  ba lneo log ica l  
purposes. A z t i f i c i a l  product ion of 
thermal  water  has developed since the 
end of the l a s t  century.  The 970 m 
deep h o t  water  w e l l  i n  Budapest was 
d r i l l e d  i n  1877 a s  Europes deepest bore- 
h o l e  of i ts  time. D r i l l i n g  a c t i v i t y  f o r  
. o i l  and gas  provided a great .number of 
borehole  temperature  d a t a  from the 
Pannoxian Basin. These d a t a  toge the r  
w i t h  observed temperatures  i n  deep 
c o a l  m i n e s  by Bold izskr  /1944/ have 
shown a high geothermal g rad ien t  and 
a n  i n t e n s i v e  t e r r e s t r i a l  hea t  f low in  
almost t h e  whole country.  

exp lo ra t ion  a c t i v i t y  g r e a t  thermal  
water  r e se rves  w e r e  d iscovered mainly 
i n  the sandy s t r a t a  of the neogenic 
sedimentary rocks.  Since the f i f t i e s  
more than  a hundred w e l l s  were d r i l l e d  
d i r e c t l y  f o r  thermal water. The number 
of non-e lec t r ic  u t i l i z a t i o n  of low 
enthalpy thermal  water  is  s t e a d i l y  
inc reas ing  i n  the country.  

t o  r e v i s e  geothermal resource  assess -  
m e n t  r e spec t ing  t o  the r a p i d l y  
changing technology and economics. 
T r a d i t i o n a l  product ion  technology i s  

In  t h e  course  of this systeraat ic  

Thus there i s  a n  inc reas ing  need 

based on the e l a s t i c i t y  of the a q u i f e r ,  
r e a c t i n g  t o  the decreas ing  p res su re  of 
the r e s e r v o i r  f l u i d ,  This  technology 
cannot be sus ta ined  f o r  a long  time. 
The r e d i s t r i b u t i o n  of r e s e r v o i r  pressure 
. makes p o s s i b l e  a replenishment of 
the a q u i f e r  from o t h e r  nearby a q u i f e r s  
o r  recharge from meteoric  water.  For  
deep aqu i fe r s .  such recharge can  be 
very l imi t ed .  The flow r a t e  a t  the 
wellhead i s  reduced i n  s p i t e  of the 
i n c r e a s i n g  r e s e r v o i r  p re s su re  drop. 
The water  l e v e l  of t h e m a l  . w e l l s  has 
r a d i c a l l y  f a l l e n  a f t e r  s e v e r a l  y e a r s  
of product ion i n  the a r e a s  of Hajdu- 
szoboszlb, Debrecen and Szolnok. 

t o  reinject co ld  water  through o t h e r  
w e l l s  in orde r  t o  main ta in  the r e s e r v o i r  
p re s su re  and the y i e l d  of product ion 
w e l l s ,  The primary g o a l  of this pro- 
duc t ion  technology i s  the more e f f e c t i v e  
h e a t  e x t r a c t i o n  from t h e  geothermal 
r e se rvo i r .  Not only the enthalpy of t h e  
water ,  bu t  p a r t l y  t h e  enthalpy of the 
permeable rock  mass can be ex t r ac t ed  
by this way. There i s  another  reason  
t o  r e i n j e c t  cooled-down water:  geo- 
thermal  brine is  usua l ly  h ighly  s a l i n e  
and can induce harmful e f f e c t s  on the 
n a t u r a l  environment. 

The first geothermal resource  
assessment of Hungary was made by 
Bold izsbr  /1978/. The e x t r a c t a b l e  
amount of energy was determined by the 
volume method. Thermal energy s t o r e d  
i n  the upper t h r e e  k i lometers  of the 
Pannonian Basin was obtained by him t o  
be equal  t o  5,5x10 KJ.  

This phenomenon makes i t  necessary  

Basic  d e f i n i t i o n s  

In  the p resen t  paper  fol lowing the 
terminology and method e labora ted  by 
M u f f l e r  and C a t a l d i  /1977/ the geo- 
thermal  r e source  base  /GRB/ is  obtained 
a s  the t o t a l  sum of thermal  energy 
conten t  above t h e  l o c a l  mean annual  
temperature  i n  the c r u s t  beneath the 
country’s  sur face .  It can  be expressed 
by the i n t e g r a l :  
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GFU3 = A I e c /T-To/ dz , 
0 

where A i s  t h e  su r face  a r e a ,  e is  
the avcrage dens i ty ,  c the hea t  capa- 
c i t y ,  T i s  the tempcrature depending 
on z, To is  the  su r face  temperaturc,  
H i s  thc avcrage thickness of the c r u s t  
/28 lun/. This GHU value,  f o r  Hungary 
i s  2,52xlO K J .  This i s  a huge amount 
of energy, but i t s  g r c a t e r  p a r t  i s  
i n a c c e s s i b l e  i n  t h c  fo re seab le  f u t u r c .  
It may se rve  p r imar i ly  a s  a the- 
o r e t i c a l  l i m i t  f o r  any assessment 
of geothermal energy p o t e n t i a l  i n  
Hungary. 

That f r a c t i o n  of t h e  a c c e s s i b l e  
rcsource  base that can  bc ex t r ac t ed  
cconomically a t  some reasonable  
f u t u r e  time i s  thc gcotherma.1 resource.  
'This e;eothermal rcsource  i s  d iv idcd  in- 
t o  a n  i d e n t i f i c d  sild an undiscovered 
p a r t .  

The geothermal r e se rve  i s  the 
i d e n t i f i e d  p a r t  of thc gcothermal 
resource ,  which can be ex t r ac t ed  
today a t  a cos t  competit ive w i t h  
o t h e r  energy sources.  This q u a n t i t y  
of geothermal cnergy i s  having prac- 
t i c a l  importance. 

The e s t ima t ion  of' g e o t h c m a l  
resources  and r e se rves  of H w a r y  

should be founded on a t h ree -dhcn-  
s i o n a l  b a s i n  model modified a s  much 
a s  p o s s i b l e  t o  thc r eg iona l  g e o l o g i c a l  
framework 

Geological Framework 

Under the Pannonian Basin thermal  
mantle diapirisrn caused a r e l a t i v c l y  
thin /average th ickness  of 28 km/ 
c r u s t .  Thc i n t e n s i v e  s u b c r u s t a l  
e ros ion  l c d  t o  the i s o s t a t i c  subs i -  
dence of the reg ion ,  forming a basin. 
This  h a s  f i l l e d  w i t h  sedimeiits , mainly 
of Ncogene and Quatcrnary age. 

Mcsozoic and Paleozoic dolomite, 
l imes tone  or sandstone, The Miocene 
sediments a r e  depos i ted  on t h e s e  o l d e r  
bedrocks. Upper Miocene sediments a r c  
c a l l e d  Paraonians, having a g r c a t  
thickness /2-4 km/. The sandy, c l ayey  
and s i l t y  s t r a t a  of Pannonian scdiments 
X'orm a sedimentary sandwich. I sopach  
map / a f t e r  Somf'aij of Pannonian s e d i -  
m e n t s  is shown i n  Figure  1. Its l a y e r s  
have mainly h o r i z o n t a l  s t r u c t u r e .  
Lower Yannonian sedimcnts a r e  mainly 
impermcable, bu t  the upper Pannonian 
format ions  inc lude  a huge porous and 
pcrmeable system the so-called upper 
Pannonian ho t  water r e s e r v o i r .  

The g r a n i t e  c r u s t  i s  covercd w i t h  

FIGURE 1. 

TOPOGRAPHY OF THE BOTTOM OF THE UPPER PANNONIAN 

AQUl FER 

* PAN NON IA N 
ROPS 
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Its structure and dimensions are 
satigfactorily known from a great 
number.of exploratory drilling well 
data. In these formations the indivi- 
dual sandy layers having a thickness 
of 2-30 m are interconnected forming 
an extended aquifer. Its total 
volume is about 10,000 h3. These upper 
Pannonian sandy strata are proved as 
f o m a  tions bearing economically 
extractable geothermal energy. Thus 
their energy content can be regarded 
as geothermal energy reserve. 

Triassic age are present in the 
basement, and form a fractured-fissu- 
red karstic aquifer with great dimen- 
sions and a sufficient secondary 
porosity and permeability. This deep 
karstic aquifer in Western Hungary 
is not so well explored yet as the 
sedimentary basin. Its energy content 
can be regarded as geothermal resource 
mainly in the undiscovered category. 

Carbonate rocks, mainly of 

De t ermina t ion of geo therrria 1 energy 
reserve 

As already noted,'geothermal 
energy reserve is the economically 
extractable part of identified 
resource. Thus reserves depend on 
the degree of exploration, type of 
production technology and economic 
circumstances. In order to compute 
geothermal energy reserve of Hungary 
we must restrict our attention to 
the sufficiently hot, porous and 
permeable sandy strata of the upper 
Pannonian format ions. The product ion 
technology chosen for our assessment 
is the closed-loop recirculation 
system. The investigated area is more 
than 40,000 km2. The sandy layers have 
a reasultant thicknes varying from 
60 to 400 m. Their porosities are 
from 20 to 35 per cent, permeabilities 
are from 0.20 t o  1.45 Darcy. Thus the 
geothermal energy reserve under the 
investigated area can be expressed by 
the integral : 

A 'zUL 

+ b gwcwIT-To)dz}dA , 
in which 4 is the porosity, zL and zu 
are the lower and the upper 
boundaries of the aquifer /at a given 
place/, the indices R and w refer to 
the rock and the water. T i s  the 
measured temperature in a given depth, 
A is the surface area. The region o f  
interest was divided into a mesh. 
Nodal points of the mesh usually do not 

coincide with points where borehole 
data were measured. In such cases 
interpolation is required. Interpolated 
isotherms of the upper-Pannonian aquifer 
at the bottom and at the roof are shown 
in Fig.2. and Fig.3. In this way the 
rint egral can be determined numerically. 
The final result for the geothermal 
reserve of the upper Pannonian 
reservoir is 1,835.10 K J .  

A further major problem is the 
determination of the reserve recovery 
factor it is known the environment 
of reinjecting wells is cooled down by 
recirculated cold water. This cold 
front will extend toward the producing 
wells. Therefore the reservoir of a 
recirculation system can be regarded 
as a heat source with diminishing 
intensity. Some mathematical models 
are known for the computation of the 
lifetime of such a system. This life- 
time is limited by the temperature 
.drop occurring in the produc- well, 
which makes the geothe&mal energy uti- 
liza t ion uneconomic. 

T h i s  temperature limit was assumed 
the value of 50°C. That part of geo- 
thermal reserve, that can be really 
extracted during the lifetime of the 
system /i.e. till the outflow tempera- 
ture will be higher than 50"C/ can be 
expressed as: . .  t, 
(..R). = i N&(Tout - To)dt , 

0 

where tL is the lifetinie of the system, 
Tout is the outflowing %ater tempera- 
ture at the wellhead, m is the mass 
rate of a producing well, N the number 
of the wells, 

We can determine the geothermal 
recovery factor as the ratio of ex- 
tractable heat during the lifetime of 
a recirculation system /measured at 
the wellhead/ to the total thermal 
energy contained originally in the 
given subsurface volume of rock and 

The geothermal reserve recovery 
factor can only be subjectively 
estimated. It depends on many variables, 
the most important of which seem to 
be - the shape and dimensions of the 

- physical properties the rock 
- the configuration of producing 
- the intensity of production - the heat extraction technology - reservoir temperature - reinjected water temperature 

reservoir 

and the fluid 

and reinjecting wells 
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FIGURE 2. 

ISOTHERMS AT THE BOTTOM OF THE UPPER PANNONIAN 

AQUIFER 

FIGURE 3. 

ISOTHERMS AT THE ROOF OF THE UPPER PANNONIAN 
AQUIFER 
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- heat loss in producing wells 
The uncertainties of such esti- 

mates originate from many causes. The 
first of these is the relatively little 
number of adequate data. Another 
problem is the subjectivity of some 
future data such as the number and 
configuration of wells, production rate, 
heat extraction technology etc. 

’l’hus the evaluated recovery factor 
refers to an ideal situation: uniform 
well spacing, constant rate of produc- 
t ion, cons t ant reinject ion tempera t ure , 
and an ideal heat-extraction technolo- 
gy. 

reserve recovery.factor of.the upper 
Pannonian hot water aquifer was determined 
as1 42 per cent. This AS a quite high 
value relative Go the estimated 25 per 
cent by Nathenson and Muffler /1475/. 

Our assessment seems to be more 
detailed and realistic than earlier 
estimations of Hwlgarian geothermal 
potential. The present production and 
utilization is quite far from the 
determined possibiiities. 

Finally, the value of the geothermal 
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