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Abstract 

In the central part of  . there 
carbonate aquifer teinperatures are from 

to 
he goal ofthis  paper describe the geothermal system origin of 

the peculiarity of the and stage of 
practical 
I he approach to these by o f  
methods: analyses, specific conductivity and 
temperature measurements, environmental isotopic 

conclusions: 
origin of the thermal waters I:, almost exclusively meteoric: 

the reservoir has no high enthalpy 

INTRODUCTION 

the central part of the the of the 
Danube. the area (Figure drilling 
delineated the presence geothermal aquifer. thermal are 
linked to  Mesoroic carbonate of about 

that into monoclines. an inclination froin 
to north and man The teinperatures of 

these waters are only 4 at Bucharest. gradually become 
towards the north, reaching at 

,- 

0 BULGARIA 

km 

Figure I : of the study area 

1 he goal of this paper is to report our ledge of 
geotherinal system (the origin of the thermal water. peculiarity 

of of the area and stage and of 
practical utilization of the warm waters. 

the area the north-central 
part of Moesian Platform. a region characterized a 

structure. I don't see evidence of a structure. 
For example. while the carbonate Cretaceous is at a 
depth of about at and a t  Bucharest (Figure 2) .  

outcrops hank ofthe Danube the area city. 
structural continuity the area the Danube order to 
understand the the aquifer. 

inforination the Moesian 
obtained from oil wells. has been completed during the last feu years 
by drilling geothermal the area. All 
boreholes have had formation.; as target. 

water supply wells. between Bucharest and the Danube, 
also used to the regional flow-pattern. estimate o f  the 
hydrogeological parameters and determine the origin o f  the thermal 

Figure and Table show the and the parameters 
obtained with these horeholes. 

As regards the aspect, with regional 
background value of about i n  northern and eastern part 

anomaly geothernial of 

calculated at the of t l ie  
indicate increase froin south to north. in agreement ith the 

depth of formation\: froin north 
they reach about i n  t l ie 

I t  is iinportant t o  note that after the 
of t l ie  . a disctit-dance 

the calculated and recorded and thermal 
This be explained by the predominant therinal 

with active circulation the 
and karstified horizons. 

Table Geological and hydraulic parameters of deep water w e l l s  from 
the Moesian Platform 
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Neogene and Quaternary. Cretaceous and Upper Jurassic, T Paleozoic 

'Table 2: of groundwaters 

391 
87 306 

794 

853 138 
356 

244 

331 276 

232 

F-. Br-. . and carried 
in with a 

specific conductivity and temperatures; 

and intrrpretation. 

the i t  I S  that the 
aquifer clearly differ tlie aquifers and 

and to ut' 

A (Figure a continuous 
to north; froni tlie bicarbonate 

io rhe ( 7  to the mixcd waters 
region and to chloride-sodium 

of Bucharest. last area. particular. i s  no 
correlation and well  spacing. despite 
the that the diagram to an continuous 

highest percentage of and can be found 
Airport and but not i n  t l ie area 

0.h-7.2 the Tr 
to 

Of been expected. 

Fig. 4 Piper of deep (cold and warm) groundwaters. 
The correspond to the wells in Table 

diagranis show a 
and tendency 

represent the classic 
fresh water. 

7 a saline that 
in higher proportions the well 

as that under study. model 
of type acceptance of a hydrogeological 
inodel with of saline fluids depth throughout the 
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Figure 5: Composition o f  deep (cold and warm) 
groundwaters. The concentrations are given TD! = total 
dissolved ions, the o f  dissolved cations and anion?. The 
correspond to tlie wells Tahle 

The in Figure shows the existence a very good linear 
correlation between and temperature. It also be noted that all 
the points in this diagram plot in a sequence, reflecting the position 
each point along the cross-section in the interval between and 
Balotesti. This observation supports the hypothesis of the above- 
mentioned gradual mixing model and also highlights, for the entire 
interval Giurgiu-Balotesti, a unifonn temperature increase linked to the 
deepening of the aquifer. The fact that the wells in the northern 

Snagov zone (2676, 2680. 2682) yield waters with the 
highest temperatures hut lower contents reflects, on the 
one hand. the structural situation of the Mesozoic carbonate rocks 
and also a local hydrochemical situation linked to the ascent of a 
sulphate water with a lower salinity and total 
Triassic. 
The analyses in Table 2 allow a application of chemical 
geot hermometers. 
We have first chosen of 

(1988). Most o!  problems in its application stem 
from the use of 
I t  is known that the ionic solute "work" only 
used with close-to-neutral waters containing chloride as the major 
anion. These conditions are fulfilled for al l  our warm waters. 
Theoretically, for an evaluation of the Mater at depth. 

take into special consideration the cation contents the reservoir. 
This evaluation is carried out by calculating the index" 
of waters, according to the formula: 

Danube, 

? Giurgiu. 

2 Giurgiu Nord 635 

2 HS 
I 

M i  = 0.3 

which 

= log 

Lkn log 

where represents the ionic 

I** 

2540 

Otopeni 
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Tritium has been found only in the first two wells in the 
neighbourhood of Danube, during a study period in spring-summer 
1988. when the Danube had an average of TU. to 
Otopeni. as was to be expected because of the great depth of the 
aquifer. the tritium is below the significant level for the liquid 
scintillation method 
These results. of particular importance the boundary condition of 
the conceptual hydrogenlogic model. the presence of a 
direct more exactly a recharge of the Mesozoic 
aquifer by the Danuhe. 
Radiocarbon analyses carried out for the interval Ciiurgiu-Otopeni 
confirm the information given by tritium on recharge from the Danube. 
Except well 2664 Otopeni. all the values decrease as one 
moves ay from Danube. This arrangement shows an aging of waters 
and hence suggests a groundwater flow fiom south to north. 
The same also made i t  possihle to globally evaluate some useful 
hydrogeological parameters. average values calculated for many 
intervals geologic are the 
following : 

actual flow 3 
effective me = I 

actual velocity, must he considered the 
highest possible value, one cannot two possibilities for an 
artificial radiocarbon content mixing with 
waters by isotopic exchange with the calcareous inatrix. Thcsc arc 
considered to he limited the calcareous These are 
considered to be only limited ineans of' artificially decreasing 
contents, because. in  the interval temperatures of 
the waters are and the of saline was 
evaluated at a maximum 

isotopes, and the last 
performed samples taken August 1993, e been 

utilized for a inore detailed discussion by These 
values, as their areal distribution along the cross-section, 
confirm the hydrogeological features already by tritium and 
radiocarbon. Thus: 

the similarity between the stable isotope coinposition of the Danube 
water and the groundwater froin the adjacent zone, suggests the 
existence o f a  local surface-water recharge ofthe Mesozoic aquifer 

the regional values of groundwater. which become more negative 
with distance from the Danube, show a gradual change in their genetic 
conditions. which seems to be in a good agreement uith 
radiocarbon 

4. 

calculated hydrothermal potential of the Bucharest-Snagov area 
wells) is evaluated ai about 500 Only of thia 

potential now being exploited, especially for house heating, 
balneology and swimming pools. 
Table 4 shows the stage and the modality for using all the wells 
drilled so far in this area. 

The most important conclusions of this study be divided in two 
categories: 

which may be considered as 
elements for a future elaboration o f a  conceptual model. and also useful 
for understanding the genetic and hydrodynamic processes of the 
thennal waters fiom the Bucharest-Snagov area. The main 
of this  category are: 

in the Mesozoic aquifer there is an groundwater 

* the flow direction is froin south to north; 

* the Danube undoubtedly recharges the aquifer, is a at least in the 

* in the interval Ciiurgiu-Otopeni, average actual velocity of the 

flow; 

area city; 

aquifer is ainax. of 3 and the effective porosity is a inin. of 

I t  is interesting to recall a similar case that was studied by isotopic 
methods in South Dobrogea (TENU a nearby region with 
the saine Mesozoic carbonate aquifer. similarity of conclusions 
suggest that a correct and complete knowledge of the hydrogeological 
model a more global approach, in our case the entire Moesian 
Platform. 

First of all, the hydrochemical and, 
in particular. the isotopic data demonstrate that the origin of the 
thernial waters in this aquifer is almost exclusively meteoric. Although 
the entire aquifer, and especially the area Oropeni-Balotesti. receives 
saline. prevalently chloride. upward inputs through the ystein of 

fractures. the volume of these waters can be evaluated only at about 
ofthe entire volume ofwater stored in the aquifer. 

As regards hydrothermalism. new elements emerging from this study 
can be suniinarized as follows: 

the correlation of hydrochemical and thennal data has demonstrated 
that the increase in groundwater temperatures from south to north is a 

phenomenon, mostly due to deepening of the Mesozoic 
reservoir, and that the role of the geothermal anomalies is only of 
secondary importance; 

both the hydrochemical data, through the tentative application of the 
Na-K-Mg-Ca geothermometer, and the isotopic data, because of a lack 
of stable isotope modification phenomena characteristic of high 
enthalpy geothermal waters, confirmed that the geothennal potential of 
this reservoir is based only on a low enthalpy system. 

conclusions. As we said earlier, only of the energy 
potential of this system is new being exploited. Investments should be 
made in surface plants that utilize the potential available in space 
heating. balnealogy and swimming-pools. 

Table 4: The use of thermal waters in Bucharest-Snagov area 

Well Opt urn 

and 

... 

from 
arid 

boreholes. 

Otopcni 

t 

2672 

Balotesti 

40 

80 

40 

... 

I15 

and 
hut for 

in tuwn of 
Otopcni 

will 
bc uscd fur heating and 

of hot 
water for 

Airport. 

It will 
uscd as reinjection 

from 
and 

conservation. It wil l  
used for heating and 

preparation hot 

Under will 
he used a 
heating and industrial water. 
Under It wil l  
he used as reinjection well 
for water from 

well (geothermal 
doublet). 

Under conservation. I t  wil l  
he used for a poultry 
hrecding heating. 

Under conservation. It wil l  
he expoitcd for heating. 
balneology and recreation in 

connection with 2683 (to 
drillcd) as a geothermal 
doublet. 
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