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The oc cur rence of geo ther mal re sources in Po land re lates to four main hydrogeothermal prov inces: the Pol ish Low lands, the 
Carpathians, the Carpathian Foredeep and the Sudetes, each char ac terized by dif fer ent geo log i cal con di tions. Rec og ni tion
of Po land’s geo ther mal po ten tial on a re gional scale is good, yet, in or der to eval u ate the ca pa bil i ties of uti lis ing geo ther mal
wa ters tak ing into ac count spe cific lo cal con di tions, a de tailed geo log i cal, hydrogeological and ther mal anal y sis is re quired in 
each case. Some times, the re sults of this anal y sis pro vide new in sights into the geo log i cal struc ture and hydrogeological
con di tions in the re gion of spe cific re sources, and in di cate al ter na tive ap proaches to re source eval u a tion. We sum ma rise the 
geo log i cal con di tions around geo ther mal wa ter re sources in Po land, and also il lus trate lo cal vari abil ity in se lected
hydrogeothermal pa ram e ters in the area of Wiœniowa, lo cated in the Outer Carpathians, and in Poddêbice, a cen tral part of
the Pol ish Low lands. Se lected ex am ples of the ef fects of the re search car ried out in these ar eas of Wiœniowa and Poddêbice
show sit u a tions where the re sults of mak ing a bore hole can be un pre dict able.
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INTRODUCTION

Geo ther mal wa ters are a source of clean and eco log i cal re -
new able en ergy, the ef fec tive man age ment of which brings a
num ber of ben e fits: en vi ron men tal, eco nomic and so cial. They
are part of the nat u ral riches of a given re gion. A large ad van -
tage is the pos si bil ity of us ing geo ther mal wa ters for var i ous
pur poses: from heat ing to balneotherapy and rec re ation and
other pur poses. A key sec tor of geo ther mal en ergy man age -
ment in Po land is heat ing; work is in prog ress in Po land on the
pos si bil ity of man ag ing ex ist ing low-tem per a ture geo ther mal
en ergy re sources in or der to pro duce elec tric ity. A wide range of 
geo ther mal wa ters and en ergy ap pli ca tions means that ar eas
us ing this kind of re new able en ergy be come at trac tive to tour -
ists. This also re lates to air qual ity im prove ment caused by geo -
ther mal re sources man age ment for en ergy-pro duc ing pur -
poses. How ever, geo ther mal re sources are dis trib uted un -
evenly and not ev ery area is char ac terized by pro spec tive geo -
ther mal po ten tial. The eco nomic ef fec tive ness of geo ther mal
in vest ments is in flu enced by many fac tors. The most im por tant
is sues are re lated to hydrogeothermal con di tions pre vail ing lo -
cally, par tic u larly as re gards the dis charge and the well head

tem per a ture of the ex ploited wa ter. Only sta ble dis charge and a 
suf fi cient well head tem per a ture com bined with rel a tively low
To tal Dis solved Sol ids (TDS) may guar an tee the suc cess ful life
of geo ther mal pro ject. An im por tant geo log i cal pa ram e ter in flu -
enc ing the eco nomic vi a bil ity of geo ther mal in stal la tions is the
depth to the ground wa ter ho ri zon, which af fects geo ther mal pa -
ram e ters, e.g. wa ter tem per a ture, but also the costs of deep
drill ing.

Due to the lo ca tion of nat u ral re sources in the subsurface,
there is an ap pre cia ble amount of risk and un cer tainty as so ci -
ated with ex plo ra tion for such re sources whether they are pe -
tro leum, min eral, ground wa ter or geo ther mal.  There is a strong 
need in the geo ther mal sec tor to re duce risk and un cer tainty,
es pe cially dur ing the ex plo ra tion stage (Witter et al., 2019).

Geo ther mal stud ies con ducted in Po land since the 1980s
have en abled good re gional as sess ment of Po land’s geo ther -
mal po ten tial. An im por tant con tri bu tion here were the Geo ther -
mal At lases pub lished from the 1990’s un til 2013 (Górecki et al., 
2015b), which en abled rec og ni tion of the geo ther mal po ten tial
of ~90% of Po land: the Pol ish Low lands, the Carpathians and
the Carpathian Foredeep. De spite in for ma tion on the oc cur -
rence of geo ther mal wa ters in the Sudetes re gion dat ing to the
twelfth cen tury, it deals with point sources, and the Sudetes
area has not yet re ceived mono graphic treat ment. In seven
places, ther mal wa ters have been found that is sue from the
gran ites and gneiss es of the crys tal line sub strate. Pub lished
mono graphic at lases are an ef fec tive form of map ping the oc -
cur rence of geo ther mal wa ters in dif fer ent Pol ish re gions and a
ba sis for pre par ing fur ther lo cal stud ies of prom is ing ar eas at
the lo cal scale.
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The un pre dict abil ity of hydrogeological and geo ther mal pa -
ram e ters in var i ous re gions of Po land is in di cated by re search of
the AGH Uni ver sity of Sci ence and Tech nol ogy re gard ing the
geo ther mal po ten tial around Wiœniowa and Poddêbice. The
Wiœniowa area is lo cated in the Outer (flysch) Carpathians, re -
gion ally char ac ter ized by a low geo ther mal po ten tial, stem ming
from a par tic u larly low po ten tial of wa ter out put over most of the
area (Górecki et al., 2013, 2015a). The com plex geo log i cal
struc ture of this re gion makes it ad di tion ally dif fi cult to des ig nate
hydrogeothermal pa ram e ters. Geo log i cal doc u men ta tion of the
Wiœniowa 1 bore hole geo log i cal doc u men ta tion in spired closer
anal y sis of the pos si bil i ties geo ther mal en ergy uti li sa tion in this
area. Dur ing drill ing (in 1990–1991) brine with an out put of
180 m3/h at 85°C started to out flow spon ta ne ously and abruptly.

Such wa ter pa ram e ters point to the pos si bil ity of wider man -
age ment. In turn, in the area of Poddêbice, a geo ther mal heat
plant has been in op er a tion since 2010, which pro duces fresh
wa ters with low min er ali sa tion (0.4 g/L). While de sign ing
Poddêbice GT-2 bore hole, there were no pre mises to spec ify
such low wa ter min er ali za tion, par tic u larly be cause lit tle more
than 10 kilo metres away, a geo ther mal plant op er ates in
Uniejów, where wa ter with min er ali sa tion of ~6–8 g/L has been
pro duced for 20 years.

GEOLOGICAL BACKGROUND OF GEOTHERMAL
WATER RESOURCE LOCATIONS IN POLAND

Po land is char ac ter ized by low-tem per a ture geo ther mal re -
sources, de fined as heat ob tained from the geo ther mal fluid in
the ground at tem per a tures of 150°C or less. These kinds of
geo ther mal re sources are typ i cally for di rect-use ap pli ca tions,
such as dis trict heat ing, green houses, balneotheraphy etc.
Geo ther mal re sources are strictly geo log i cally de ter mined. Po -
land is sit u ated at the in ter face be tween three main Eu ro pean
geostructural units (EGS): the Pre cam brian East Eu ro pean
Plat form, the Pa leo zoic units of Cen tral and West ern Eu rope
(Cal edo nian and Variscan) and the Carpathian range (part of
the Al pine sys tem). Each of these struc tures is char ac ter ized by 
dis tinct geo ther mal con di tions. Sed i men tary rocks cover al most 
the whole ter ri tory of Po land, the main ex cep tion be ing the
Sudetes Mts., where mostly crys tal line and meta mor phic rocks
oc cur. Geo ther mal en ergy in Po land is ac cu mu lated in four
geo ther mal prov inces: the Pol ish Low lands, the Carpathians,
the Carpathian Foredeep and the Sudetes Re gion. Each of
these prov inces is char ac ter ized by dif fer ent geo log i cal con di -
tions and dif fer ent geo ther mal wa ter pa ram e ters.

One of the most pro spec tive re gions for geo ther mal en ergy
de vel op ment in Po land is con nected with the Pol ish Low lands.
Wa ter in these ar eas is char ac ter ized by fa vour able tem per a -
tures (reach ing >90°C) and fa vour able val ues of well dis -
charges (to sev eral hun dred m3/h). The prin ci pal re sources of
geo ther mal wa ters in the Pol ish Low lands are pres ent in Me so -
zoic rocks. Geo ther mal wa ters have ac cu mu lated pri mar ily in
Lower Ju ras sic and Lower Cre ta ceous strata (Górecki et al.,
2015b). The Pol ish Low lands also is one of the most pro spec -
tive ar eas for geo ther mal en ergy uti li za tion in an En hanced
Geo ther mal Sys tem (Sowi¿d¿a³ et al., 2013; Sowi¿d¿a³, 2016,
2018). Res er voirs fa vour able for EGS, Car bon if er ous and
Lower Tri as sic sand stones, are lo cated in the cen tral part of Po -
land (the Mogilno-£ódŸ Trough re gion and small parts of the
Kujawy Swell and Fore-Sudetic re gions).

In the Carpathian Foredeep, aqui fers of the Cenomanian,
Up per Ju ras sic, De vo nian–Car bon if er ous and Mio cene are
most pro spec tive. How ever, in these aqui fers, the most fa vour -

able pa ram e ters for the lo ca tion of geo ther mal in takes oc cur in
small ar eas and nar row depth in ter vals. The Cenomanian aqui -
fer is an ex cep tion, as high dis charges (to 250 m3/h) can be ex -
pected over the whole area of its oc cur rence (the cen tral part of
the Carpathian Foredeep). Zones with in creased po ten tial well
dis charges are spo rad i cally en coun tered in the Up per Ju ras sic
(tens m3/h) and in the Mio cene aqui fers (>100 m3/h). The best
hydrogeological and geo ther mal pa ram e ters, that in di cate the
pos si bil ity of us ing the Mio cene-hosted geo ther mal wa ter, oc cur 
in the depth in ter val 500–1500 m b.s.l. The re main ing depth in -
ter vals seem of low prospectivity be cause of low tem per a tures
or weak hydrogeological pa ram e ters that de ter mine low dis -
charges at geo ther mal wa ter in takes (Górecki et al., 2012).

In the Carpathians the best res er voir and ex ploi ta tion prop -
er ties for geo ther mal wa ter uti li za tion oc cur in the In ner
Carpathian – Podhale Re gion, rep re sented by: fa vour able res -
er voir pa ram e ters and li thol ogy, usu ally high yields, and a re -
gional ex tent of the aqui fer, as well as re cent re charge and low
TDS. Podhale is a re gion in the West ern Carpathians where
geo ther mal wa ters have been uti lized re cently and will be uti -
lized in the fu ture, mostly for heat gen er a tion but also for rec re -
ation and balneotherapy. The res er voir rocks for the geo ther -
mal wa ters are mainly Tri as sic car bon ates, and lo cally Ju ras sic
sand stones and car bon ates. The most pro spec tive aqui fer oc -
curs within Mid dle Tri as sic lime stones and dolomites and in
over ly ing Mid dle Eocene car bon ates at depths of 1–3.7 km
(Hajto, 2011). In the re main ing parts of the Carpathians, res er -
voir pa ram e ters are much worse. Geo ther mal aqui fers in the
Outer Carpathians are char ac ter ized by usu ally small and
non-re new able re sources as well as by high min er al iza tion,
which ex cludes their wider use. These wa ters oc cur usu ally in
small closed struc tures, which re stricts the pos si bil ity of higher
out flows (Chowaniec, 2009).

Quite dif fer ent geo ther mal con di tions are pres ent in the
Sudetic Geo ther mal Re gion. This re gion in SW Po land, in clud ing
the Sudetes Mts. and the Fore-Sudetic Block and lim ited to the NE 
by the Odra Fault, con trasts with the rest of Po land’s geo log i cal
set ting. In stead of large sed i men tary bas ins of the Pol ish Low -
lands and the Carpathian foredeep or folded flysch strata of the
ex ter nal Carpathians, the Sudetes Mts. con sist mainly of old crys -
tal line rocks over lain by youn ger de pos its. Pre cam brian and
Lower Pa leo zoic gneiss es and schists with scat tered mar ble in ter -
ca la tions are in truded by Up per Car bon if er ous granitoids which
form struc tures such as the core of the Karkonosze–Izera Mas sif.
In synclinal struc tures the crys tal line rocks are over lain by
Phanerozoic strata (Si lu rian–Qua ter nary). Geo ther mal wa ters oc -
cur in this re gion only within the crys tal line rocks. Most of the lim -
ited hydrogeothermal in ves ti ga tions car ried out so far in the Pol ish
part of the Sudetes were re stricted to zones of oc cur rence of ther -
mal wa ters uti lized for ther a peu tic pur poses, or to a few ar eas in
which prospection has been car ried out for such wa ters (Fistek,
1989; Dowgia³³o, 2002; Ciê¿kowski, 2011). How ever, the Sudetic
re gion is char ac ter ized by fa vour able ther mal con di tions. In
Cieplice, wa ter at 86.7°C was ob tained from 2002.5 m depth. For
this rea son, the Cieplice area in the Sudetic geo ther mal re gion has 
been stud ied to iden tify a pro spec tive lo ca tion for the HDR pro ject
in Po land (Wójcicki et al., 2013) as well as to iden tify an ap pro pri -
ate lo ca tion for bi nary sys tems (Bujakowski et al., 2014).

The oc cur rence of geo ther mal re sources de pends re gion -
ally on geo log i cal con di tions. In Po land, we can dis tin guish four
re gions char ac ter ized with dif fer ent hydrogeothermal con di -
tions (Ta ble 1). The high est geo ther mal po ten tial re lates to the
Pol ish Low lands and Podhale area, be ing a part of the
Carpathians (Fig. 1). Much lower per spec tives re late to the area 
of the Carpathian Foredeep (due to low well out flows) and the
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re main ing part of the Carpathians. In the Sudetes, geo ther mal
wa ters oc cur in patches, and geo ther mal res er voirs, un like in
other re gions, are built of crys tal line rocks.

In 2018 the in stalled geo ther mal ca pac ity of six geoDHs
was 74.6 MW and geo ther mal heat pro duc tion was 250.4 GWh, 
while to tal pro duc tion amounted to 289.5 GWh. The old est and
larg est geo ther mal heat ing plant in Po land is lo cated in the
Podhale Re gion (Fig. 1). The to tal max i mum ar te sian wa ter flow 
rate pro duced by 3 wells is ~297 L/s of 82–86°C wa ter. In 2018
the in stalled geo ther mal ca pac ity was 38.8 MW (to tal 77.9 MW)
while geo ther mal heat pro duc tion amounted to 141.5 GWh
(509.5 TJ). 5 out of 6 op er at ing geo ther mal heat ing plants in Po -
land are lo cated in the Pol ish Low lands: Pyrzyce (max i mum
geo ther mal wa ter flow rate was 100 L/s at 61°C, in stalled ca -
pac ity 22 MW, in clud ing 6 MW geo ther mal), Mszczonów
(16.6 L/s at 42.5°C, in stalled ca pac ity 8.3 MW, in clud ing
2.7 MW ab sorp tion heat pump and 1 MW com pres sor heat
pump), Poddêbice (32.2 L/s at 71°C, in stalled ca pac ity 10 MW
geo ther mal ca pac ity), Uniejów (33.4 L/s at 68°C, 3.2 MW geo -
ther mal ca pac ity) and Stargard (50 L/s at 87°C, 12.6 MW geo -
ther mal ca pac ity; Kêpiñska, 2019).

METHODOLOGY OF STUDIES

Study ing the geo ther mal po ten tial of a given area in volves
anal y sis of sev eral fun da men tal hydrogeological and geo ther -
mal pa ram e ters. Knowl edge of the gen eral char ac ter is tics of
the study area is nec es sary, to gether with anal y sis of avail able
source ma te ri als, in clud ing bore hole re cords. Geo log i cal con di -
tions de ter mine the ex is tence of po ten tial geo ther mal res er -
voirs. Iden ti fi ca tion of res er voirs is pre ceded each time by anal -
y sis of re gional geo log i cal struc ture, and of ten the mak ing of
three-di men sional struc tural or struc tural-para met ric mod els.
The re sults of spa tial mod el ling, based on anal y sis of avail able
source ma te ri als (ar chi val ma te ri als, as well as bore hole, lab o -
ra tory and geo phys i cal data, in clud ing seis mic data) re flect the
struc tural sys tem and lithological – res er voir vari abil ity of  rocks
mak ing up the re gional geo log i cal pro file. At the Fac ulty of Ge -
ol ogy, Geo phys ics and En vi ron men tal Pro tec tion, AGH Uni ver -
sity of Sci ence and Tech nol ogy, such mod el ling is per formed
us ing the Pe trel pro gram. A three-di men sional struc tural geo -
log i cal model of the area of Poddêbice has been built on the ba -
sis of re gional struc tural and thick ness maps de vel oped in the
form of reg u lar in ter po la tion grids with 250 ´ 250m spac ing (2D
grid). The struc tural model in cludes 5 strati graphic units (Up per
Tri as sic, Lower Ju ras sic, Mid dle Ju ras sic, Up per Ju ras sic,
Lower Cre ta ceous).The static model pro ce dure com prises the
fol low ing (Dubrule, 2003):

– de vel op ment of struc tural maps in the for mat of reg u lar
in ter po la tion grids on the ba sis of seis mic and bore hole
data and dig i tal ar chi val maps;

– cre ation of a 3D struc tural model, us ing RSI and in ter -
pre ta tion of dis junc tive tec ton ics;

– de vel op ment of a fault model;

– de vel op ment of a grid skel e ton as a re sult of em ploy ing
the pil lar gridding pro ce dure;

– cre ation of strati graphic zones as a re sult of in tro duc ing
strati graphic sur faces to the model, and trans for ma tion
into ir reg u lar 3D Ho ri zon grids, where the mesh shape
de pends on the re sults of the pil lar gridding pro ce dure.

An other im por tant as pect com prises the ther mal char ac ter -
is tics of the area. Di rect tem per a ture mea sure ments made in
deep bore holes are a fun da men tal source of in for ma tion about
a depth heat ing re gime. The qual ity of in for ma tion on tem per a -
ture dis tri bu tion along the bore hole pro file, and hence, re li abil -
ity, is closely re lated to tech ni cal con di tions of mak ing the mea -
sure ments. The most use ful method of ob tain ing ther mal data
in bore holes is the mea sur ing/pro fil ing of tem per a tures made in
quasi-sta tion ary con di tions, i.e. af ter com ple tion of drill ing and
with suf fi cient ther mal sta bili sa tion of the bore hole, usu ally af ter
12–14 days (Plewa, 1994a, b).

In or der to es ti mate wa ter in take out put, for mu lae of clas si -
cal hydrogeology are used, which are also uti lized in ba sic cal -
cu la tions of un der ground wa ter fil tra tion for in flow to a fully and
par tially pen e trat ing well in set fil tra tion con di tions. Cal cu la tions
of an in flow to a well in volves the adop tion of a cal cu la tion
scheme, which usu ally in tro duces sim pli fi ca tions by com par i -
son with ac tual con di tions of un der ground wa ter stream flow
(Kulma, 1995). As re gards steady-state fil tra tion, the best
known and com monly used is the Dupuit equa tion. It as sumes
the ex is tence of a hy dro log i cal well with a small di am e ter, work -
ing with out put and wa ter ta ble de pres sion un chang ing in time.
An aqui fer has an un con fined ex pan sion, con stant thick ness
and shows a per ma nent value of the fil tra tion in dex. The wa ter
ta ble be fore well pump ing is dis posed hor i zon tally, while lam i -
nar move ment of un der ground wa ters to wards the hole can be
treated as flat-ra dial (equipotential sur faces are sides of a cyl in -
der). When ana lys ing pos si bil i ties of uti lis ing ther mal wa ters at
the cur rent stage, the out put of a wa ter in take is not a fixed
value, de pend ing on a num ber of fac tors in clud ing the
hydrogeological res er voir and ex ploi ta tion pa ram e ters. The re -
sults of cal cu la tions of pre dicted wa ter in take out puts closely
de pend on the pa ram e ters of well ex ploi ta tion adopted, and,
firstly, the length and di am e ter of an ex ploi ta tion fil ter and the
as sumed value of an ex ploi ta tion de pres sion. Sizes of ex ploi ta -
tion out puts, with which an in take of deep groundwaters may
work, should be de ter mined by sev eral stages of mea sur ing of
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Pol ish Low lands Carpathian Foredeep Carpathians Sudetes

Geo ther mal res er voir sed i men tary sed i men tary sed i men tary crys tal line, meta mor phic

Tem per a ture [°C] 30–130 20–120 20–120 max. 86.7

Dis charge of wells [m3/h] high, lo cally reach ing
>300 

usu ally <20, the ex cep -
tion be ing the

Cenomanian aqui fer –
max. ~250

from low in Outer
Carpathians to up to 550

(In ner Carpathians –
Podhale)

from sev eral to sev eral
tens

Wa ter min er al iza tion
[g/L]

var ied, lo cally high, lo -
cally ex ceed ing 300 

var ied, lo cally high, in
places ex ceed ing 300 from sev eral to 120 to ~10

Per spec tive ar eas Mid-Pol ish Trough cen tral part Podhale Cieplice and other

T a  b l e  1

Pre dicted geo ther mal pa ram e ters in var i ous re gions of Po land



pump ing and by the size of wa ter re sources, and by this means
the size of op er a tional ex penses are sub ject to eval u a tion. The
pro ject is then ap proved and de cided upon by a com pe tent
geo log i cal ad min is tra tion.

Ac cord ing to the mod i fied form of Darcy’s law for fixed ra dial 
flow, the ef fi ciency equa tion (Dupuit-Thiem for mula) takes the
form:

Q k mp
S

R

r

z = * * *2p

ln

[1]

where: Q – dis charge of pro duc tion bore hole [m3/s]; k – hy drau lic con -
duc tiv ity co ef fi cient [m/s]; mp – thick ness of ground wa ter layer (lim -
ited by work ing length of screen) [m]; S – per mis si ble drawdown [m]; r
– ra dius of pro duc tion fil ter [m]; R – ra dius of de pres sion cone [m].

Ra dius of de pres sion cone was cal cu lated us ing Sichardt’s
for mula:

R S k= * *3000 [2]

where: S – drawdown [m]; k – hy drau lic con duc tiv ity [m/s].

To de ter mine the pos si bil i ties of uti lis ing geo ther mal wa ters, it 
is also nec es sary to ana lyse the chem i cal com po si tion of wa ter
min er ali sa tion. For uti lis ing their ther mal en ergy, groundwaters
should have as low min er ali sa tion as pos si ble. The level of ther -
mal wa ter min er ali sa tion and the spe cific con stit u ents de ter mine
use for rec re ational and balneological pur poses. Me dic i nal and
geo ther mal wa ters dif fer in terms of their to tal dis solved con stit u -
ents as well as in their kind and quan ti ta tive re la tions, and they
also dif fer in terms of physico-chem i cal prop er ties. Me dic i nal wa -
ter is poorly min er al ized, and it is cur rently re quired to doc u ment
<1000 mg of dis solved solid con stit u ents per dm3, in clud ing one
or more spe cific me dic i nal con stit u ents, at or above the con cen -
tra tions listed in Ta ble 2.

Min eral wa ters con tain at least 1000 mg of dis solved in gre -
di ents in 1 dm3, in clud ing es pe cially chlo rides, sulphates as well 
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as so dium, cal cium and mag ne sium bi car bon ates, oc cur ring in
par tic u lar wa ters in dif fer ent quan ti ties.

The use ful ness of geo ther mal wa ters for rec re ational or me -
dic i nal pur poses is de ter mined mainly by such pa ram e ters as
tem per a ture and wa ter min er ali sa tion. Con di tions to be met in
or der for geo ther mal wa ters to be used for balneological and
rec re ational baths in clude also wa ter in take out put, wa ter pres -
sure and depth of aqui fer oc cur rence. In ac cor dance with the
re quire ments for wa ters used for bath ing (Ponikowska, 1995,
2002; Ponikowska and Ferson, 2009), min er ali sa tion of wa ter
used for rec re ational pur poses can not ex ceed 30 g/dm3 (at
tem per a tures of 24–30°C), and for me dic i nal pur poses:
50 g/dm3 (at tem per a tures of 28–42°C; Fig. 2). The higher wa ter 
tem per a ture and min er ali sa tion al lowed in me dic i nal pools
com pared with rec re ational pools re flects the fact that me dic i nal 
baths are more stim u lat ing and have to be su per vised by a phy -
si cian, whereas rec re ational baths, due to the lack of such su -
per vi sion, can not be so stim u lat ing.

The an a lyt i cal re sults ob tained are the ba sis for de vel op ing
a geo ther mal wa ter in take in a given re gion. De pend ing on the
in ves tor’s needs and the geo ther mal wa ter pa ram e ters ob -
tained, wa ter can be used for var i ous pur poses. A key sec tor in
Po land is heat ing, though the con cept of man ag ing geo ther mal
re sources is used also for the con struc tion of rec re ational or
balneological cen tres based on geo ther mal wa ters. Uti li sa tion
of geo ther mal en ergy for heat ing pur poses is de ter mined
mainly by such pa ram e ters as tem per a ture and out put, and
here re quire ments for wa ters used for heat ing pur poses are
higher than in the case of wa ters used for rec re ational and
balneological pur poses (Fig. 3). Min i mum out put of geo ther mal
wa ter from an in take sup plied to one rec re ational pool should
range from 3 to 5 m3/h (Paczyñski and P³ochniewski, 1996). In
us ing wa ters for heat ing pur poses, out put should be at least
sev eral tens of m3/h.

In ar eas with aban doned oil wells, pos si bil i ties of well re con -
struc tion can be as sessed. The costs of drill ing an ex plor atory
or pro duc tion bore hole for geo ther mal wa ters are high and usu -
ally con sti tute 50–80% of funds al lo cated for the con struc tion of
a geo ther mal in stal la tion, in clud ing nec es sary sur face in fra -
struc ture. In some cases, ex ist ing aban doned oil wells can be
used, par tic u larly as the costs of adapt ing them for geo ther mal
pur poses can be sev eral times lower than the costs of drill ing
new wells. Wells de signed for re con struc tion should meet sev -
eral tech ni cal cri te ria, stem ming from the struc ture and tech ni -
cal con di tion of an aban doned well, which com monly is a
long-term in flu ence on ag gres sive con di tions in the rock mass,

caus ing e.g. cor ro sion of subsurface equip ment in the well. Per -
me abil ity of res er voir rocks in the vi cin ity of a well also de te ri o -
rates, in con se quence of block ing of that zone with small par ti -
cles, lim it ing in flow of res er voir wa ters to the well. In or der to
ame lio rate dam age to hy drau lic con duc tiv ity, in ten si fi ca tion
pro cesses are per formed. Eval u at ing the con struc tion of a well
and its tech ni cal con di tion in volves anal y sis of sev eral pa ram e -
ters, in clud ing the method of well aban don ment, the tech ni cal
con di tion of the cas ing, the con di tion of ce men ta tion, the re sults 
of geo phys i cal mea sure ments, and so on.

Some times the con struc tion of an oil well can make it im -
pos si ble to adapt it into a geo ther mal bore hole, and in such a
case the costs spent on re-open ing old oil wells can be com pa -
ra ble to the costs of drill ing of a new bore hole (Nian and Cheng,
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Min i mum con tent of con stit u ents Wa ter type

1 mg io dides io dide

1 mg sulphides or other sul phur com pounds sul phu rous

2 mg flu o rides flu o ride 

10 mg iron fer rous

70 mg metasilicic acid sil ica

1000 mg un bound car bon di ox ide “szczawa”

250–999 mg un bound car bon di ox ide car bonic acid

Tem per a ture of at least 20°C at the out flow from an in take ther mal

Ra dio ac tiv ity of at least 74 Bg/dm3 ra don

T a  b l e  2

Clas si fi ca tion of spe cific wa ter types (Jour nal of Laws, 605, 2006)

Fig. 2. Re quire ments for bath ing wa ter 
(Ponikowska and Ferson, 2009)



2018; Westphal and Weijermars, 2018). Anal y sis of the tech ni -
cal pos si bil i ties and prof it abil ity of re con struct ing each bore hole
is nec es sary.

STUDY RESULTS

WIŒNIOWA – THE AREA OF THE CARPATHIANS

The idea of uti lis ing wa ters and geo ther mal en ergy in the
area of Wiœniowa was in spired by the Wiœniowa 1 bore hole,
drilled in years 1990–1991, from which brine started to flow
spon ta ne ously and im me di ately, with pa ram e ters in di cat ing the
pos si bil ity of a wide range of ap pli ca tions. The well was orig i -
nally drilled to pros pect for hy dro car bons. Core sam ples
showed no signs of hy dro car bons.How ever, spon ta ne ous brine 
out flow was ob tained in amounts of 5.2 up to 8.0 m3/h from
3698 m depth b.g.l., and in amounts of 180 m3/h at a tem per a -
ture of 85°C from 3793 m depth b.g.l. Af ter tech ni cal dif fi cul ties,
such as a pres sure in crease up to 300 at mo spheres and a brine 
out flow frac tur ing a pit em bank ment, the well was aban doned.
At that time, no anal y sis was con ducted with re gard to man ag -
ing wa ters made avail able by this bore hole. Only af ter many
years, on the ini tia tive of lo cal au thor i ties, AGH Uni ver sity of
Sci ence and Tech nol ogy re search ers eval u ated the pos si bil i -
ties of pro duc ing and uti lis ing ther mal wa ters in the Wiœniowa
area (Górecki et al., 2015a).

Wiœniowa is lo cated at the south ern edge of Skole Nappe
(Fig. 4), within the Strzy¿owska De pres sion that is filled with
folded Eocene–Oligocene strata. North of the Strzy¿owska De -
pres sion, at the edge of the Skole Nappe there ex tends a zone
of “Ropczyce Folds”, com pris ing a thick suc ces sion of
inoceramus beds, be low which there are si li ceous marls and
older Cre ta ceous strata. South of the zone be ing ana lysed, the
Skole Nappe lies be neath the Sub-Silesian and Silesian

Nappes (Oszczypko et al., 2008). Be low the Skole Nappe,
there are vari able thick nesses of Zg³obice unit rocks, and be -
low, autochthonous Mio cene is lo cally rec og nized. A Me so zoic
suc ces sion is formed mainly of Ju ras sic strata, and these un -
der lain with Pa leo zoic rocks, whereas in a south ern deep zone
there are prob a bly Mesopaleozoic and para-autochthonous
flysch de pos its (Fig. 4; Machowski et al., 2013).

Due to the com plex geo log i cal struc ture, sim ply es tab lish ing 
the na ture of a wa ter-bear ing unit caused prob lems. A po ten tial
wa ter-bear ing unit may be formed of Lower Cre ta ceous Spas
shales, made up of fine-grained and com pacted sand stones
and hard marls and shales. The Spas shales are char ac ter ized
by high plas tic ity , whereas sand stone res er voir lev els are char -
ac ter ized by anom a lous res er voir pres sure gra di ents (Plezia,
1992). How ever, it seems more likely that the wa ter which
flowed spon ta ne ously out of the Wiœniowa 1 bore hole af ter the
Spas shales were pen e trated came from an other res er voir, lo -
cated at a lower level. Given the com plex geo log i cal struc ture of 
the study area, un der ground wa ters may mi grate, e.g. along
fault zones. This prem ise, to gether with the poor res er voir pa -
ram e ters of the Spas shale sand stones, sug gests Up per Ju ras -
sic car bon ates, ly ing more deeply, as po ten tially pro spec tive.
Those for ma tions, rep re sented by marls and lime stones, were
drilled in the Szufnarowa 1 bore hole (Oxfordian) at
4540–4697 m depth b.g.l. and in the Nawsie 1 bore hole
(Kimmeridgian + Oxfordian) in the in ter val 3098–4440 m b.g.l.
The Lower Cre ta ceous res er voir may also be per ma nently sup -
plied with wa ters from an Up per Ju ras sic res er voir as a re sult of
hy drau lic con nec tion be tween them. In such a case, those res -
er voirs should be treated jointly (to gether with autochthonous
Mio cene strata).

The re search led to three dif fer ent sce nar ios of geo ther mal
res er voir man age ment, de pend ent upon the ac quired
hydrogeothermal res er voir pa ram e ters.

In an op ti mis tic sce nario, it is as sumed that geo ther mal wa -
ters come from a pore-frac ture res er voir built of Lower Cre ta -
ceous, Mio cene and Up per Ju ras sic strata, re main ing in hy -
drau lic con tact with one an other. Wa ters in this res er voir are
char ac terized by a tem per a ture at the out flow of ~85°C (over
90°C in the res er voir) and a high out put of ~180 m3/h. Min er ali -
sa tion of wa ters ac cu mu lated at this res er voir level reaches
~15 g/dm3. In this case, af ter con duct ing de tailed
physico-chem i cal anal y ses of the wa ter one can con sider the
pos si bil ity of wa ter di lu tion and its dis charge to sur face wa ter
courses (ex ploi ta tion in a sin gle-well sys tem). How ever, in or der 
to en sure res er voir re newal in the face of such high out puts
(180 m3/h), it is rec om mended to pro duce wa ter in a dou ble-well 
sys tem (which makes it nec es sary to make an in jec tion well).

A re al is tic sce nario as sumes that geo ther mal wa ters have
ac cu mu lated in a frac tured car bon ate Up per Ju ras sic res er voir
and are char ac terized with high tem per a ture at the out flow of
~125°C, and out put of ~40 m3/h and min er ali sa tion of
~100 g/dm3. Due to higher wa ter min er ali sa tion, it is nec es sary
to uti lise it by in ject ing it again into the rock mass with in stal la -
tion of an op er a tion in a geo ther mal dou ble sys tem (1 pro duc -
tion well and 1 in jec tion well). There fore, in both vari ants, it is
nec es sary to plan an in stal la tion pro duc ing geo ther mal wa ter
with one pro duc tion well and one in jec tion well. In the pes si mist
sce nario, Lower Cre ta ceous sand stones of Spas shales with
poor res er voir pa ram e ters form the res er voir rock, which trans -
lates into a wa ter in take out put <1 m3/h. In this sce nario, it is as -
sumed that spon ta ne ous out flow ob tained when drill ing the
Wiœniowa 1 well in 1990s was tem po rary and af ter sta bili sa tion
of res er voir pa ram e ters, prob lems with wa ter out flow will oc cur.
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Fig. 3. Pos si bil i ties of ther mal wa ter uti li za tion ac cord ing
 to tem per a ture cri te ria (Lindal, 1973)
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De spite the lack of wa ter, the res er voir is char ac terized by a
high tem per a ture of ~90°C, such that one can con sider uti li sa -
tion of the en ergy po ten tial by means of a bore hole heat
exchanger.

PODDÊBICE, IN THE POLISH LOWLANDS

The Poddêbice GT-2 bore hole is lo cated in the cen tral part
of Perm ian–Me so zoic geo log i cal unit called the Mogilno–£ódŸ
Trough, which is a part of a larger syncline – the
Szczecin–£ódŸ–Miechów Trough. The geo log i cal struc ture of
the Mogilno–£ódŸ Trough is com plex, the ef fect of ad vanced
salt tec ton ics (Wiktorowicz, 2014). This causes lo cal dis con ti -
nu ities in geo log i cal suc ces sions, sud den changes in de posit
thick ness, es pe cially in the area of an ti cli nal struc tures, which
were formed dur ing the Late Tri as sic and Late Cre ta ceous pe ri -
ods, as well as around the Cre ta ceous/Paleogene bound ary,
dur ing the Lara mide in ver sion (Dadlez et al., 2000). The an ti cli -
nal struc tures in the area of Poddêbice were caused by salt tec -
ton ics, which were ac tive dur ing de po si tion of Me so zoic strata.
A sim pli fied 3D geo log i cal model of the £ódŸ Ba sin, with spe cial 
em pha sis on tec tonic el e ments in the Lower Cre ta ceous rocks
is shown in Fig ure 5. The shape of the Lower Cre ta ceous top is
the re sult of lo cal salt tec ton ics, when plas tic salt strata, while
mov ing up wards, cre ated the forms of the Ko³o and Poddêbice
anticlines (Dadlez et al., 1994). The old est strata rec og nized

dur ing drill ing are fine-grained Lower Tri as sic sand stones and
mudstones interbedded with lime stones, over ly ing a Zechstein
suc ces sion. The over bur den com prises evaporitic and clastic
Röt an hyd rites, dolomites and mudstones. The Muschelkalk is
de vel oped in a pelitic lime stone and marl fa cies. The Up per Tri -
as sic is made up of fine-grained sand stones interbedded with
claystones. Muddy sand stones with rare mudstone interlayers
are char ac ter is tic of the Tri as sic de pos its in this area. The max i -
mum Tri as sic  thick ness is ~2000 m. Above the Tri as sic, there
are Lower Ju ras sic sand stones with claystone interbeds some
~37 m thick. Dogger (Mid dle Ju ras sic) strata are rep re sented
mainly by dolomites and mudstones with thin glauconite sand -
stone interlayers. Up per Ju ras sic (Malmian) for ma tions have
thick nesses of up to ~600 m and are mainly of car bon ate fa cies, 
as lime stones, marls, dolomites and mudstones, wih sub or di -
nate sand stones. The Lower Cre ta ceous com mences with
Hauterivian dark brown mudstones interbedded with
claystones, 7 m thick, rep re sent ing the shelf of en vi ron ments
(Tadych et al., 2010). The Hauterivian strata and Up per Ju ras -
sic marls con sti tute a nat u ral seal be tween the Lower Cre ta -
ceous geo ther mal res er voir and the un der ly ing Ju ras sic aqui -
fer. Above the Hauterivian there are grey, fine- and me -
dium-grained ter res trial sand stones of Albian, Aptian and
Barremian age, which form a geo ther mal aqui fer. The Up per
Cre ta ceous com prises marls, creamy-grey lime stones and ar -
gil la ceous lime stones with dark claystone interlayers. The
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Fig. 5. Three-di men sional struc tural geo log i cal model of the £ódŸ Ba sin in the area of Poddêbice

Lo ca tion of 3D model shown on Figure 6

https://gq.pgi.gov.pl/article/view/8361


Cenomanian is char ac ter is ti cally de vel oped as lime stones and
cream-col oured marly lime stones, sim i lar to Up per Albian
strata. The mid dle part of the Turonian for ma tions is
marl-claystone, whereas the up per part is ar gil la ceous lime -
stone, with flint interlayers. The Coniacian, Santonian and
Campanian are rep re sented by grey marly lime stones and
marls. Only the old est Maastrichtian strata are pre served, youn -
ger ones hav ing been eroded away. These are mainly marly
lime stones and mudstones in the over bur den. At 10 m b.g.l. the
Cre ta ceous suc ces sion com prises yel low me dium-grained
sand (Posyniak, 2015). In the area of the Poddêbice GT-2 well,
there are no Paleogene and Neo gene de pos its, be cause of gla -
cial ero sion, the in ten sity of which was mag ni fied by epeirogenic 
move ments. In the area of Poddêbice, the main geo ther mal
res er voir com prises fine-grained and, in places, me -
dium-grained Lower Cre ta ceous sand stones, which are char -
ac ter ized by rel a tively high po ros ity.

The Poddêbice GT-2 bore hole was drilled in 2009/2010,
reach ing a depth of 2101 m, at the top of the Up per Tri as sic. As
ar te sian out flow of 116.5 m3/h of fresh geo ther mal wa ter
(0.432 g/dm3) was ob tained from Lower Cre ta ceous strata from
1957–2059 m b.g.l. (Tadych et al., 2010). The  min er al iza tion
com po si tion pro vided valu able in for ma tion on TDS dis tri bu tion
at the top of the Lower Cre ta ceous in the Mogilno–£ódŸ Trough
(Fig. 6).

Geo ther mal wa ter in Poddêbice is un der ar te sian pres sure
– the static wa ter ta ble is at an al ti tude of 26 m a.g.l. Quartz con -
sti tutes 95% of the sand stones, with sub or di nate glauconite,
feld spars and clay min er als, and they have a sil ica ce ment. The 
ap proved ex ploi ta tion re sources of Poddêbice GT-2 well have
been de ter mined at Q = 252 m3/h, with ex ploi ta tion de pres sion
at the level of 85.3 m b.g.l. (Ta ble 3). The geo ther mal wa ter
tem per a ture mea sured at the out flow is 71°C (Tadych et al.,
2010). The wa ter is of ex cep tional qual ity, char ac ter ized by mi -
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Fig. 6. Map of the TDS at the top sur face of the Lower Cre ta ceous suc ces sion in the Mogilno–£ódŸ Trough 
(cen tral part of Pol ish Low lands)



cro bi o log i cal pu rity and low min er ali sa tion, which al lows for it to
be used di rectly, with out any mod i fi ca tions, for re ha bil i ta tion
treat ment (Kêpiñska et al., 2017).

DISCUSSION

One of the in her ent chal lenges of the geosciences is in com -
plete knowl edge of the geo log i cal and hy drau lic prop er ties (ge -
om e tries, tem per a ture dis tri bu tion, per me abil ity, etc.) of the
subsurface (Witter et al., 2019). In ar eas with com plex geo log i -
cal struc ture or in places with scarce avail abil ity of geo log i cal in -
for ma tion, de ter mi na tion of hydrogeothermal pa ram e ters is dif -
fi cult. Com monly, in ter pre ta tion of an area be gins with the con -
struc tion of a geo log i cal work ing model. Struc tural ge ol ogy can
play a key role in ex plo ra tion for geo ther mal re sources. As new
in put data is added, the mod el ing re sults are im proved. This
tech nique gen er ates a geo log i cal in ter pre ta tion of high un cer -
tainty and re sults in work ing mod els that are in her ently
non-unique (Bond, 2015). The re sults ob tained are con strained
only af ter the geo ther mal res er voir has been ac cessed by bore -
holes. In some cases, the re sults of drill ing a bore hole can be
un pre dict able, as in the sur prises en coun tered in the
Poddêbice and Wiœniowa re gions.

Wiœniowa is lo cated within the flysch Outer Carpathians,
char ac terized by com plex nappe-and-thrust geo log i cal struc -
ture, a sit u a tion that is dif fi cult from the point of view of geo ther -
mal wa ter man age ment. Com plex geo log i cal struc ture makes it 
dif fi cult to spec ify hydrogeological con di tions and the eval u a tion 
of the size and dis tri bu tion of ba sic res er voir pa ram e ters, par tic -
u larly in deeper in ter vals of the ge ol ogy. Con sid er able
lithological change ability of rocks, ob served both hor i zon tally
and ver ti cally, as well as the lack of a suf fi cient data make it im -
pos si ble to de fine wa ter cir cu la tion con di tions, in clud ing the
defininition of po ten tial zones of deep ground wa ter res er voir
sup plies, their re newal, and the sta bil ity of fore casted out puts at 
geo ther mal wa ter in takes over a lon ger pe riod of time. These
fea tures seem to sug gest a low geo ther mal po ten tial of the re -
gion. But, there are in di ca tions (spon ta ne ous brine out flows)
which sug gest that there may be sig nif i cant geo ther mal re -
sources in the re gion.

The anal y sis con ducted near Wiœniowa does not give a
clear an swer with re gard to the geo ther mal po ten tial of the re -
gion. It in di cates three dif fer ent sce nar ios of geo ther mal res er -
voir man age ment, de pend ent upon ac quired hydrogeothermal
res er voir pa ram e ters: op ti mis tic, re al is tic and pes si mistic. The
area of Wiœniowa is a geo ther mal puz zle; this is why it be longs
to a group of towns which re ceived co-fi nanc ing to make an ex -
plor atory bore hole from the state bud get. The re sults of such a

bore hole will con strain the hydrogeothermal pa ram e ters and le -
git i macy of the in ferred so lu tions.

The re sults of the geo ther mal bore hole in the Poddêbice
area were sim i larly un pre dict able. Al though Poddêbice is lo -
cated in a re gion with a less com pli cated geo log i cal struc ture
than Wiœniowa, the re sults of the Poddêbice GT-2 bore hole
came as a sur prise. The oc cur rence at deep geo log i cal lev els of 
wa ters with very low min er al iza tion 0.432 g/dm3 was an im por -
tant out come, which showed that in the cen tral Pol ish re gion
(Mogilno–£ódŸ Trough) no clear rules are ob served in the ver ti -
cal dis tri bu tion of wa ter min er al iza tion, rel a tive to the
hydrochemical ver ti cal gra di ent. Wa ters with the high est min er -
ali sa tion (>90 g/dm3) lie deep est, i.e. be low ~2000 m, but at
those depths one can also ex pect fresh wa ters, as con firmed by 
drill ing of the Poddêbice GT-2 bore hole. The high est val ues of
min er ali sa tion most prob a bly re late to salt struc tures and oc cur
in the north east ern part of the trough, whereas fresh wa ters oc -
cur in the south ern part of the trough. Wa ter min er ali sa tion
across the area of the Mogilno-£ódŸ Trough ranges from 0.2 up
to 100.8 g/dm3 (Górecki et al., 2010; Sowi¿d¿a³ et al., 2017).

Poddêbice is lo cated in the Pol ish Low lands, and thus in
area with good bore hole con trol and rel a tively pre dict able geo -
log i cal struc ture. Fur ther more, a geo ther mal plant in Uniejów,
pro duc ing geo ther mal wa ter from Lower Cre ta ceous sand -
stones at 1.9–2.1 km be low ground level, is lo cated nearby.
Wa ter with the tem per a ture of up to 68°C and out put of
120 m3/h, with max i mum drawdown of 26 m, is char ac ter ized by 
min er ali sa tion of ~6–8 g/dm3. As the re sult of wa ter flow in the
level op er ated, the well’s sup ply de rives most prob a bly from the
east and the south-east. Within the area of sup ply, the wa ter
flow is from the Lower Cre ta ceous out crop to the di rec tion of the 
wa ter in take. Wa ter sup ply de rived from the over ly ing Up per
Cre ta ceous aqui fer is not ex cluded; it re mains neg li gi bly low.
The min er ali sa tion of the Lower Cre ta ceous wa ter in creases
sharply to the north-west, i.e. to the area of the Uniejów 1 well
where the gen eral TDS to tals 21.9 g/dm3 (Fig. 6). This phe nom -
e non may be re lated to the el e va tion of the Lower Cre ta ceous
suc ces sion be tween Poddêbice and the Uniejów 1 well, re sult -
ing in the ac cu mu la tion of dense groundwaters high in TDS in
the vi cin ity of the lat ter which, due to the struc tural el e va tion
(bar rier) does not flow down to wards Poddêbice, or to wards the
town of Uniejow as the min er ali sa tion of ex ploited wa ter, of so -
dium chlo ride type, var ies be tween 6.7–8.8 g/dm3.

Based on re gional hydrogeological anal y sis of the
Poddêbice area, the re charge area of the Lower Cre ta ceous
aqui fer is most likely lo cated in the east, and is as so ci ated with
sub-Ce no zoic subcrops of Lower Cre ta ceous strata around
£ódŸ, ~15 km east of the Poddêbice GT-2 bore hole.
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Pa ram e ter Value

Bore hole depth 2101 m 

Wa ter type/min er ali sa tion HCO3-Na-Ca / 432 mg/L (con sid er able SiO2 con tent)

Wa ter tem per a ture at out flow 71°C

To tal thick ness of Lower Cre ta ceous de pos its 108 m

Aqui fer 1962–2063 m b.g.l.

Aqui fer thick ness 98 m

Inter gra nu lar po ros ity (to tal) 16–23% (no sec ond ary po ros ity)

Ef fec tive po ros ity 13.7–17.0% (av er age: 16.2%)

T a  b l e  3

 Ta ble of se lected petrophysical-res er voir pa ram e ters of Lower Cre ta ceous strata re lat ing
 to a geo ther mal wa ter in take in the Poddêbice GT-2 bore hole (based on Tadych et al., 2010)



In real is ing a geo ther mal pro ject, an im por tant step is the
quan ti fi ca tion of the geo log i cal risk val ues (Schumacher et al.,
2020); how ever, in some sit u a tions risk as sess ment is dif fi cult,
as ex am ples from Poddêbice and Wiœniowa show.

CONCLUSIONS

In creas ing en ergy prices and poor air qual ity in many re -
gions of Po land is the main rea son for fo cus on al ter na tive en -
ergy sources for heat ing. For many re gions of Po land, a so lu -
tion that can bring sig nif i cant en vi ron men tal ben e fits is the ef fi -
cient de vel op ment of geo ther mal re sources. The best geo ther -
mal con di tions in Po land oc cur in the area of the Pol ish Low -
lands and Podhale (In ner Carpathians). At Podhale, geo ther -
mal wa ter in takes with high yield and of high wa ter tem per a ture
have been used for 25 years for heat ing. In the Pol ish Low land
the best geo ther mal pros pects re late to Lower Ju ras sic and
Lower Cre ta ceous suc ces sions. Wa ters in those res er voirs are
char ac ter ized by fa vour able tem per a tures (reach ing >90°C)
and high bore hole out puts (up to sev eral hun dred m3/h).

The hydrogeothermal con di tions oc cur ring in geo ther mal
re gions are con stant, though knowl edge of them may change,
for in stance, by drill ing of a new ex plor atory bore hole, con duct -
ing ad di tional lab o ra tory tests, geo phys i cal ex plo ra tion, etc. In
some cases, in ar eas of com plex geo log i cal struc ture or in
places with scarce avail abil ity of geo log i cal in for ma tion, as in
the Carpathians, de ter mi na tion of hydrogeothermal pa ram e ters 
is dif fi cult. In ar eas with less com plex geo log i cal struc ture (e.g.
the Pol ish Low land), es ti ma tion of hydrogeothermal con di tions
is more pre cise, which trans lates into a lower geo log i cal risk for
po ten tial in ves tors, al though there are cases of over es ti ma tion
or un der es ti ma tion of geo ther mal re sources. The re sults of
geo log i cal stud ies are some times sur pris ing, as it is not ev ery -
where pos si ble to fully pre dict the ef fects of drill ing bore holes. 
This per tains most to ar eas of com plex geo log i cal struc ture, al -
though, in some cases, the pa ram e ters of wa ters ex ploited in
ar eas of pre sumed pre dict able ge ol ogy are as ton ish ing.

The Pol ish Low lands in clude, inter alia, a geo ther mal plant
in Poddêbice, from which fresh wa ters are pro duced from a
Lower Cre ta ceous res er voir. This phe nom e non of par tic u larly
low TDS (0.4 g/dm3) has been re searched, due to prox im ity of

Uniejów, where wa ters with much higher min er ali sa tion have
been ex ploited from the same res er voir for many years. The
min er ali sa tion value of the Lower Cre ta ceous wa ters in creases
sharply to the north-west, i.e. in the area of the Uniejow 1 well
where it to tals to 21.9 g/dm3. This phe nom e non may re flect the
el e va tion of the Lower Cre ta ceous suc ces sion be tween
Poddêbice and the Uniejów 1 well area, re sult ing in the ac cu -
mu la tion of dense groundwaters high in TDS in the vi cin ity of
the lat ter, which due to the struc tural el e va tion (bar rier) does not 
flow down to wards Poddêbice town, or to wards Uniejow as the
min er ali sa tion of ex ploited wa ter there var ies be tween
6.7-8.8 g/dm3, of so dium chlo ride type.

Be fore the Poddêbice GT-2 well was drilled, it was thought
im pos si ble to pre dict such a value of geo ther mal wa ter min er al -
iza tion. In this case, the re sults were very pos i tive, be cause the
low min er ali sa tion of the geo ther mal wa ter cre ates more op por -
tu ni ties for its use. How ever, geo log i cal risk means that geo -
ther mal pa ram e ters can also be over es ti mated.

The Outer Carpathians and the Carpathian Foredeep, due
to their com plex geo log i cal struc ture, are char ac terized by a
con sid er ably lower geo ther mal po ten tial re sult ing mainly from
lower po ten tial wa ter out put. How ever, lo cal anal y ses sug gest
that in some re gions there is a chance of pro vid ing wa ters of
suit able tem per a ture and out put, for ex am ple near Wiœniowa,
where dur ing drill ing for hy dro car bons a sud den brine out flow
oc curred with an out put of 180 m3/h and a tem per a ture of 85°C.
This does not clearly dem on strate a geo ther mal po ten tial for
the re gion, but rather three dif fer ent sce nar ios of geo ther mal
res er voir man age ment, de pend ent upon the ac quired
hydrogeothermal res er voir pa ram e ters. These sce nar ios will be 
tested in the near fu ture when a geo ther mal bore hole will be
drilled to con strain the hydrogeothermal pa ram e ters and the lo -
cal geo ther mal po ten tial.

In geo ther mal ex plo ra tion, as in anal o gous subsurface in -
dus tries, un cer tainty is likely to have the most sig nif i cant ef fect
on the fi nal in ter pre ta tion of the most im por tant geo ther mal fac -
tors, i.e., tem per a ture and wa ter flow rate.
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