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The Jelenia Góra ther mal sys tem is re lated to deep ground wa ter flow along frac tures and faults, into the Up per Car bon if er -
ous Karkonosze gran ite mas sif that is an aqui fer with the main tec tonic dis lo ca tions iden ti fied hav ing NW–SE and NE–SW
strikes. Ther mal wa ters oc cur in three ex plored de pos its (Cieplice, Karpniki and Staniszów). They are deep cir cu la tion wa -
ters, whose flow time is over 10 kyr, and their re charge area lies at a con sid er able dis tance from the drain age zones. In con -
trast to more shal lowly cir cu lat ing cold wa ters, the ther mal wa ters are char ac ter ized by higher con cen tra tions of the flu o ride
ion and metasilicic acid. They are low-TDS wa ters of the Na-SO4-HCO3 or the Na-HCO3- SO4 type. Anal y sis of changes in the 
hy dro dy namic pa ram e ters was con ducted for the ex ploited flow ing wells C-1 and KT-1, and the Basenowe Mêskie spring.
Our anal y sis takes into ac count pa ram e ters mea sured through out the en tire op er a tional pe riod, with par tic u lar em pha sis on
changes over the last 6 years. There are close cor re la tions be tween the pa ram e ters stud ied in the Cieplice and Karpniki in -
takes. The char ac ter is tics in clude strong, al most im me di ate and si mul ta neous re sponses to ex treme changes in ex ploi ta tion
con di tions caused by deep drill ing, hydrogeological sur vey ing and changes in the amount of wa ter ab strac tion. 
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INTRODUCTION

Ther mal wa ters oc cur ring in the Jelenia Góra Ba sin area
have been ex plored and doc u mented in three places: Cieplice,
Karpniki and Staniszów (Fig. 1) that are part of a large Jelenia
Góra geo ther mal sys tem re lated to the Karkonosze gran ite
mas sif (Dowgia³lo and Fistek, 1995), for which better as sess -
ment of ground wa ter flow con di tions may con trib ute to more
sus tain able man age ment of ther mal wa ter re sources. Wa ters
from the Cieplice de posit have been uti lized since the 13th cen -
tury. Cur rently, the Cieplice Health Re sort Ltd. of the PGU
Group uses ther mal wa ters for balneological pur poses (as me -
dic i nal wa ters), while the nearby Cieplice Baths Ltd. or ga ni za -
tion ex ploits them for rec re ation, the Cieplice Baths Ltd. com -
pris ing sev eral sport-rec re ation pools. Al though Cieplice has
been a re sort dis trict of the city Jelenia Góra since 1976, the
name ‘Cieplice de posit’ has re mained un changed. There fore

this name will be used in the rest of the ar ti cle, es pe cially when
de scrib ing de posit con di tions. In 2013–2014, two deep wells
were drilled close (8 and 14 km away re spec tively) to Jelenia
Góra- Cieplice: ST-1 in Staniszów and KT-1 in Karpniki. The
drill ing of these wells, cap tur ing ther mal wa ters in the area of the 
Jelenia Góra Ba sin, has con trib uted to better as sess ment of the 
hydrogeological and geo ther mal con di tions of the Jelenia Góra
geo ther mal sys tem. These two wells en abled greater use of the
ther mal wa ters for rec re ation and heat ing pur poses. How ever,
deep drill ing con ducted nearby to cap ture sim i lar ther mal wa -
ters in Staniszów and Karpniki could threaten the ex trac tion of
me dic i nal ther mal wa ters in Cieplice. An other threat is planned
fur ther deep drill ing in the vi cin ity of Cieplice. 

The min ing area of Cieplice, es tab lished in 1968 in com pli -
ance with the rules ap pli ca ble at that time, is small and cov ers
only the drain age zone of the de posit, un like the newer and
much big ger min ing ar eas set up for the Karpniki and Staniszów 
de pos its. In or der to in crease the pro tec tion of me dic i nal ther -
mal wa ters, ex pan sion of the ex ist ing Cieplice min ing area has
been pro posed (Fig. 1; Liber-Makowska and Ciê¿kowski,
2018). In the Pol ish Geo log i cal and Min ing Law, a min ing area
is the pre cisely de fined space where an en tre pre neur holds a
con ces sion and has the le gal right to ex tract min er als as part of
the ac tiv i ties of a min ing plant. In this case, the ex tracted min -
eral from the de posit is ther mal wa ter. 
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In this ar ti cle, we in ter pret and high light the sim i lar hydro -
geological con di tions un der which the Cieplice, Karpniki and
Staniszów de pos its formed. The hydrogeological con di tions for
the Karpniki and Staniszów de pos its have been less stud ied
than those at Cieplice. Pre vi ous stud ies (Dobrzyñski et al.,
2016, 2023) high lighted the lack of data on changes in the hy -
dro dy namic pa ram e ters of the Karpniki and Staniszów de pos -
its, as well as for Cieplice, over the last few years. There fore,
this ar ti cle de scribes the na ture of these changes in the Kar -
pniki and Staniszów de pos its, along with up dat ing such stud ies

for the Cieplice de posit pre vi ously out lined by Liber -Makowska
and Kie³czawa (2020). Cur rently, it is only pos si ble to con duct
such stud ies for the in takes ex ploited in Karpniki and Cieplice.
We pro vide the first anal y sis of changes in the main pa ram e ters 
of the KT-1 well in Karpniki in the con text of the cur rent changes 
in these pa ram e ters in the C-1 well and the Basenowe Mêskie
spring in Cieplice. Iden ti fy ing the causes of these changes and
com par ing their na ture in the Cieplice and Karpniki de pos its
should con firm or rule out the ex is tence of a com mon ther mal
wa ter cir cu la tion sys tem in the Karkonosze gran ite mas sif. Ex -
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Fig. 1A – lo ca tion map, B – geo log i cal sketch map of the Karkonosze-Izera Mas sif (af ter Mazur and Aleksandrowski, 2001), C – sim -
pli fied hydrogeological sketch of the Jelenia Góra Val ley (back ground ac cord ing to Milewicz et al., 1979; Liber-Makowska and
£ukaczyñski, 2016); pro posed new min ing area Cieplice ac cord ing to Liber-Makowska and Ciê¿kowski (2018); re charge ar eas of
wa ters ac cord ing to Ciê¿kowski et al. (1996), D – lo ca tion of ther mal wa ter in takes in Cieplice
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plain ing the causes, and de ter min ing the na ture, of the changes 
in the res er voir pa ram e ters ana lysed will con trib ute to better
pro tec tion of the ther mal wa ter re sources of the Jelenia Góra
re gion. The hydrogeological stud ies car ried out for the Karko -
nosze gran ite mas sif also con trib ute to the un der stand ing of the 
con di tions within ther mal wa ter de pos its in sim i lar crys tal line
mas sifs.

GEOLOGICAL AND HYDROGEOLOGICAL
SETTINGS

Con firmed de pos its of ther mal wa ters in Cieplice, Stani -
szów and Karpniki are sit u ated in the north east ern part of the
Karkonosze-Izera Block, within the Karkonosze gran ite mas -
sif. The Karkonosze-Izera Block is the larg est tec tonic unit
within the Pol ish part of the West ern Sudetes, the north ern
sec tion of the Bo he mian Mas sif. The Karkonosze Mas sif is a
Variscan in tru sion com pris ing the Karkonosze ridge, the Jele -
nia Góra Val ley, and the west ern slopes of the Rudawy Jano -
wickie Mts. The lo ca tion of the Cieplice, Karpniki and Stani -
szów ther mal wa ter de pos its on a sim pli fied hydrogeological
sketch is shown in Fig ure 1.

The Karkonosze gran ite is a biotitic monzogranite (Borko -
wska, 1966; Mierzejewski, 2005), with as so ci ated vein rocks,
mainly aplites, pegmatites and lam pro phyres (Fistek and Dow -
gia³³o, 2003). The es ti mated age of gran ite em place ment is
from ~330 to ~310 Myr (Duthou et al., 1991; Marheine et al.,
2002). In gran ite sam ples col lected from the KT-1 well in
Karpniki (from a depth in ter val be tween 1000 and 2000 m), con -
cen tra tions of nat u ral ra dio ac tive el e ments such as po tas sium
K-40 (1026–1256 Bq/kg), ra dium Ra-226 (37–81 Bq/kg) and
tho rium Th-228 (45–67 Bq/kg) were de ter mined (£ukaczyñski
and Polaczek, 2014a).

In the area of Cieplice, Staniszów and Karpniki, the Up per
Car bon if er ous Karkonosze gran ite is over lain by Qua ter nary
de pos its (5–20 m thick) fill ing ero sional de pres sions in the bed -
rock. These are mainly grav els and weath ered gran ite de tri tus
over lain by clays and tills. Ho lo cene de pos its com prise sands
and clays of the floodplain river terraces. 

The Up per Car bon if er ous Karkonosze gran ite is a fis sured
wa ter-bear ing rock with ob served frac ture sys tems and nu mer -
ous tec tonic dis lo ca tions. In the area of the Karkonosze Mas sif,
there are re gional dis lo ca tion zones such as: the Intra-Sudetic
Fault sep a rat ing the mas sif from the Kaczawa Mts. meta mor -
phic com plex (in the north); the Karkonosze Mar ginal Fault (Fig. 
1) sep a rat ing the mas sif from the Jelenia Góra Ba sin (in the
south); and the Rozdro¿e Izerskie Fault sep a rat ing the mas sif
from the Izera Mts. meta mor phic com plex (in the west). In the
gran ite, prev a lent dis lo ca tions are those with NW–SE and
NE–SW strikes, em pha sized by the strike of veins, with large
dip an gles. A sep a rate group are faults with a NNE–SSW or a
N–S strike and faults with near E–W strikes (Fistek and Dow -
gia³³o, 2003; Cymerman, 2010). In the Cieplice, Staniszów and
Karpnik ar eas, there are deep-cir cu lat ing fis sure ther mal wa -
ters. The cir cu la tion paths of these wa ters in the gran ite mas sif
are as so ci ated with tec tonic zones, which usu ally form a net -
work in the drain age zone of these de pos its (Dowgia³³o and
Fistek, 1995, 1998; £ukaczyñski and Polaczek, 2014a, b).

Ac cord ing to a re gional hydrogeological di vi sion, the area of 
the Jelenia Góra Ba sin lies in the Sudetic re gion (Paczyñski,
2007), which is sub di vided into the Izera-Karkonosze and the
Kaczawa sub re gions (Marsza³ek, 2010). The area of the Jele -
nia Góra Ba sin is a hydrogeological de pres sion con tain ing two
types of ground wa ter res er voir (Marszalek, 2010). These are:

the po rous res er voir of wa ters oc cur ring in Pleis to cene and Ho -
lo cene cover de pos its (wa ters of the Qua ter nary aqui fer sys -
tem) and the po rous-fis sured and fis sured res er voir of wa ters
oc cur ring in crys tal line rocks (wa ters of the Car bon if er ous aqui -
fer sys tem).

The groundwaters of the Car bon if er ous aqui fer sys tem
com prise shal lower wa ters cir cu lat ing in the up per reaches of
frac tured gran ite (to a depth of 20–30 m) and deeper wa ters, re -
lated to zones of deep tec tonic frac ture zones. The bound ary
be tween the zones of cold (or di nary) and ther mal groundwaters 
has been found in Cieplice (Dowgia³³o and Fistek, 1998; Mar -
sza³ek, 2010), at a depth of ~300 m. How ever, in other parts of
the Jelenia Góra Ba sin, this bound ary can oc cur at dif fer ent
depths.

Ther mal wa ters of ten flow out to the sur face nat u rally (Cie -
plice and Karpniki) due to in creased hy dro static pres sure. Wa -
ters of in fil tra tion or i gin en ter the in ner parts of the gran ite mas -
sif, then cir cu late through var i ous fis sures and faults and flow
to wards the ground sur face, while be com ing min er al ized and
in creas ing their tem per a ture on the way. Oc cur rences of ther -
mal groundwaters as so ci ated with re gional flow along deep tec -
tonic frac tures com monly form lo cal ar eas of hy dro dy namic,
hydrogeochemical and hydrogeothermal anom a lies (Ciê¿ko -
wski and Mroczkowska, 1985).

The depth range of the faults was as sessed di rectly dur ing
deep drill ing car ried out in the area of ther mal wa ter oc cur rence
in the Jelenia Góra geo ther mal sys tem. In Cieplice, dur ing the
drill ing of the C-1 well and its deep en ing to 2002.5 m, 11 frac -
ture zones were drilled through and they were found to con tain
in flows of ther mal wa ters (Dowgia³³o and Fistek, 1998).

In Karpniki, dur ing the drill ing of the KT-1 well, >40 zones
with wa ter in flow to the well were iden ti fied at depths greater
than 684 m b.g.l. These were mostly small in flows from frac ture
zones with thick ness of sev eral tens of centi metres to one
metre. Most of the wa ter flow ing into this well co mes from a
drilled-through fault zone at a depth of ~1800 m (£ukaczyñski
and Polaczek, 2014a; Liber-Makowska and £ukaczyñski,
2016). A sim i lar pat tern of fis sures was found in the ST-1 well in
Staniszów. To the depth of 1293 m, no wa ter in flow to the well
was ob served. A tec toni cally dis turbed zone was found at a
depth of 1293–1405 m, and the larg est in flows were ob served
at 1364–1405 m (£ukaczyñski and Polaczek, 2014b).

MATERIAL AND METHODS

Im por tant roles in ther mal wa ter flow are at trib uted both to
deep re gional dis lo ca tion zones and to shal lower faults in con -
tact with them, as so ci ated with the oc cur rence of springs. The
me dic i nal ther mal wa ters of Cieplice are cap tured in six springs
(1 – Marysienka, 2 – Sobieski 3 – Antoni-Wac³aw, 4 – Nowe, 5 – 
Basenowe Damskie, 6 – Basenowe Mêskie) and two drilled
wells (C-1 and C-2; Fig. 1). Shal low in takes have com plex
balneotechnological struc tures dat ing back to 1924–1930.
These are four bell-type in takes (with depths of 4–4.9 m) and
two dug wells (with depths of 37.5–48.4 m). The deep wells C-1
(with a depth of 661 m) and C-2 (with a depth of 750 m) were
drilled in 1970–1971. The C-1 well was ad di tion ally deep ened to 
2002.5 m in 1997–1998.

The doc u mented ex ploit able ground wa ter re sources of the
springs vary from 0.5 m3/h (Sobieski) to 1.8 m3/h (Basenowe
Damskie), and for the C-1 and C-2 wells they are 45 m3/h and
10 m3/h re spec tively. The to tal ex ploit able re serves of all the in -
takes are 60.74 m3/h (Liber-Makowska and Ciê¿kowski, 2018).
Ther mal wa ters from the C-1 well are ex tracted us ing a flow ing
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well sys tem un der res er voir pres sure, at a con stant daily
amount. Wa ters from the main C-1 well are used for balneo -
therapeutic and rec re ational pur poses. Ow ing to the low dis -
charge of springs, the dis ap pear ance of ar te sian flow in the C-2
well, and fluc tu a tions in the quan ti ta tive and qual i ta tive pa ram e -
ters, wa ters from these in takes are not uti lized on a reg u lar ba -
sis. The ex ploit able ground wa ter re sources of the in takes and
the chem i cal type of ther mal wa ters from the Cieplice, Karpniki
and Staniszów de pos its are shown in Ta ble 1.

In Karpniki, ther mal wa ters are only cap tured from the 
2010 m deep KT-1 well (Fig. 1), drilled in 2013–2014. The ex -
ploit able re sources for this in take have been de ter mined to be
44 m3/h (£ukaczyñski and Polaczek, 2014a). Ther mal wa ters
from the KT-1 well, ex tracted us ing nat u ral ar te sian flow, are
cur rently be ing used for space heat ing pur poses in Karpniki
Cas tle.

One in take of ther mal wa ters is also lo cated in Staniszów. It
is the 1500 m deep ST-1 well drilled in 2013–2014 (Fig. 1). Its
ex ploit able re sources have been de ter mined as 20.5 m3/h, with
a de pres sion of 97.4 m (£ukaczyñski and Polaczek, 2014b).
The ST-1 well is cur rently un ex ploited. 

An im por tant hy dro log i cal role in the area of Cieplice is
played by the Kamienna and the Wrzosówka faults with their re -
spec tive ENE–WSW and NE–SW strikes. Ad di tion ally, there
are other faults cross ing the area, such as the Spring Fault, the
Spa Park North ern Fault, the Spa Park South ern Fault, the
Wojcie szyce Fault and the Goduszyn Fault (Fig. 1). Of par a -
mount im por tance to deep cir cu la tion of the ther mal wa ters is
the re gional Karkonosze Mar ginal Fault, whose branch run ning
to the NE crosses Cieplice (Dowgia³³o and Fistek, 1998;
Mierze je wski, 2005).

In the area of Karpniki, there are two dis lo ca tion sys tems,
with NW–SE and NE–SW strikes, which have been con firmed
by magnetotelluric geo phys i cal sur veys (Ciê¿kowski et al.,
2009). Sim i lar sur veys, con ducted in the area of Staniszów,
proved the ex is tence of a deep dis lo ca tion zone with a NE–SW
strike, sit u ated ~300 m to the NW of the ST-1 well (Ciê¿kowski
et al., 2011).

The ther mal wa ters of the Karkonosze Mas sif are low-TDS
flu o ride wa ters of Na-SO4-HCO3 or Na-HCO3-SO4 type (Ta ble
1). The wa ters found in most in takes in Cieplice are clas si fied
as of (Ca)-Na-(Cl)-HCO3-SO4+F+(Si) type, and wa ters from the 
Sobieski in take as of Ca-Na-(Cl)-SO4-HCO3+F type. The TDS
con tent in the wa ter var ies from ~490 mg/L for wa ters from the

Antoni-Wac³aw in take to 1278 mg/L for wa ters from the So -
bieski in take. The con cen tra tion of F- ions in wa ter var ies from
~2 mg/L for the Sobieski in take to 13.7 mg/L for the C-2 in take.
The con cen tra tion of metasilicic acid in wa ter var ies from ~36
mg/L for the Marysienka spring to 136.5 mg/L for the Basenowe 
Damskie and the C-2 in takes (Liber-Makowska and Kie³czawa,
2020).

The Na-SO4-HCO3+F+Rn type wa ter from the KT-1 well in
Karpniki is char ac ter ised by a mean TDS con tent of 496.7
mg/L, sig nif i cant con cen tra tions of F- ions (11.4–16.0 mg/L) and 
ra don 222 (290.1 Bq/L), as well as an in creased metasilicic acid 
con tent (59.6–68.3 mg/L) (Liber-Makowska and £ukaczyñski,
2016). The ST-1 in take in Staniszów has Na-Cl- HCO3-
 SO4+F+Rn+H2S type wa ter, with a TDS con tent of 471 mg/L.
Also, in creased con cen tra tions of the F-  ion (10.5–12.7 mg/L)
and ra don 222 (116.4–174 Bq/L) have been con firmed
(£ukaczyñski and Polaczek, 2014b).

Wa ter tem per a tures mea sured at the out flows from the
Cieplice in takes vary from 13.4°C for the Antoni-Wac³aw in take
to 83°C for the C-1 well. The high est wa ter tem per a ture in the
shal low in takes, i.e. 48.1°C, has been mea sured in the Base -
nowe Damskie spring (Liber-Makowska and Kie³czawa, 2020).
The tem per a ture of the wa ter flow ing out of the KT-1 well is
51.2°C, and that from the ST-1 well is 37.3°C (£ukaczyñski and
Polaczek, 2014b). The max i mum wa ter tem per a tures were re -
corded di rectly in the C-1 well (87.8°C at a depth of 2002.5 m;
Dowgia³³o and Fistek, 1998) and the KT-1 well (59.1°C at a
depth of 1793.5 m; £ukaczyñski and Polaczek, 2014a). 

The ther mal wa ters of the Karkonosze gran ite mas sif are of
in fil tra tion or i gin, and their tem per a ture is re lated to an in -
creased value of the geo ther mal gra di ent. The value of this pa -
ram e ter, es ti mated in the C-1 well, var ies be tween 2.72 and
3°C/100 m. The real value, how ever, is higher, as the gra di ent
was de ter mined dur ing drill ing and in flow of colder wa ters
(Dowgia³³o and Fistek, 1998; Bruszewska, 2000). Wa ter tem -
per a tures ob tained for the C-1 well from mod el ling us ing chem i -
cal geothermometers are 120°C (Liber-Makowska and Kie³cza -
wa, 2020).

The or i gin of the me dic i nal ther mal wa ters is clearly in di -
cated by the re sults of stud ies into sta ble ox y gen and hy dro gen
iso topes.The val ues of d18O and d2H for wa ters from in takes in
Cieplice are com pa ra ble and range be tween –10.55 and
–10.2‰ and be tween –74 and –71‰ re spec tively. Such val ues
in di cate that in fil tra tion took place ei ther dur ing the last Pleis to -
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T a  b l e  1

Ex ploit able ground wa ter re sources of in takes and chem i cal types of the ther mal wa ters in Cieplice,
Karpniki, and Staniszów (based on (Dowgia³³o and Fistek, 1998; £ukaczyñski and Polaczek, 2014a, b; 

Liber-Makowska and Ciê¿kowski, 2018)

Name of spring* or well** Ex ploit able ground wa ter 
re sources [m3/h] Hydrochemical type of wa ter TDS 

[mg/L]

Marysieñka (no. 1)*    0.5  SO4-HCO3-Na +F   673.51

Sobieski (no. 2)*    0.04 HCO3- SO4-Na-Ca+F 1278.75

Antoni-Wac³aw (no. 3)*  1.2 SO4-HCO3-Na+F   678.88

Nowe (no. 4)*  1.0 SO4-HCO3-Na+F   635.89

Basenowe Damskie (no. 5)*  1.8 SO4-HCO3-Na+F   606.97

Basenowe Mêskie (no. 6)*  1.2 SO4-HCO3-Na+F   652.97l

C-1 (Cieplice 1)** 45.0 SO4-HCO3-Na+F+S   635.89

C-2 (Cieplice 2)** 10.0 SO4-HCO3-Na+F   660.45

KT-1 (Karpniki 1)** 44.0 HCO3-SO4-Na+F+Rn   514.70

ST-1 (Staniszów 1)** 20.5 SO4-HCO3-Na+F+Rn+S   471.00

https://doi.org/10.1007/s12665-020-08947-y
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cene gla ci ation, at much lower air tem per a tures than ob served
now a days, or in the Ho lo cene, but at el e va tions reach ing
1000 m a.s.l. The re sults of de ter mi na tion of no ble gases in wa -
ters, and low quan ti ties of ra dio car bon, sup port the first hy poth -
e sis. These re sults ap plies to the main sys tem of the Cieplice
wa ters. Their re charge area could be lo cated to the SW, S or
SE of the re sort (Ciê¿kowski et al., 1992, 1996; Fig. 1).

Slightly dif fer ent iso to pic val ues of ox y gen and hy dro gen
are char ac ter is tic of wa ters in the Sobieski in take (be tween
-9.585 and –9.7‰ and be tween –69.7 and –68‰ re spec tively),
which in di cates that their in fil tra tion takes place at heights of
~200 m above the out flow. It can be in ferred that such in fil tra -
tion takes place within the Karkonosze Fore land, in the en tirely
gran ite-un der lain area of Sobieszów, and that the du ra tion of
un der ground flow of these wa ters is only ~5 yr (based on their
tri tium val ues, Ciê¿kowski et al., 1996). 

The iso to pic com po si tions of ther mal wa ters from Karpniki
and Staniszów are very close to those of the Cieplice wa ters
(£ukaczyñski and Polaczek, 2014a; Liber-Makowska and £uka -
czyñski, 2016). The wa ters cap tured from the KT-1 and the
ST-1 wells are re charged by in flows from the SE or the S, sim i -
larly to the case of Cieplice (Fig. 1). Based on ra dio car bon anal -
y ses, the time of ther mal wa ter flow from re charge ar eas to the
ST-1 well was es ti mated as 17,900 ±1500 yr (Duliñski, 2014). 

Char ac ter is tics of vari a tion in their op er a tional pa ram e ters
such as spring dis charge, well head pres sure and wa ter tem per -
a ture at the out flow from in takes have been de scribed us ing
mea sure ments per formed as a part of reg u lar mon i tor ing car -
ried out for the Cieplice and Karpniki deposits.

The anal y sis of changes in hy dro dy namic pa ram e ters was
based on 20445 mea sure ments car ried out in 1956–2025 for

the Cieplice in takes and in 2016–2025 for the Karpniki well. The 
data were ver i fied and en tered into a da ta base cre ated by the
se nior au thor (Liber, 2008; Liber-Makowska and Kie³czawa,
2020). In ad di tion, ver i fi ca tion mea sure ments of ba sic op er at ing 
pa ram e ters were per formed for the Basenowe Mêskie in take
and the C-1 and KT-1 wells. For the first time, an anal y sis of
changes in hy dro dy namic pa ram e ters for the Karpniki de posit
was per formed, and changes oc cur ring in the Cieplice in takes
over the last six years were up dated.

The ma jor ity of in takes of me dic i nal ther mal wa ters in
Cieplice are flow ing wells. Ther mal wa ters ex tracted from the
main C-1 well are used for balneotherapeutic and rec re ational
pur poses. Ad di tion ally, wa ters from the Nowe and Marysienka
springs are used chiefly for in dus trial or util ity pur poses. Be -
cause of their low dis charges, as well as fluc tu a tions in their
tem per a tures and qual i ta tive and quan ti ta tive pa ram e ters, wa -
ters from the re main ing springs are not be ing uti lized. The C-2
well (with a depth of 750 m) is not be ing ex ploited due to the dis -
ap pear ance of its ar te sian flow caused by the start of the
operation of the 2002.5 m deep C-1 well in 2012.

The op er a tional pa ram e ters are mon i tored mainly for the
in takes whose ther mal wa ters are be ing uti lized. In the C-1
well hy dro static pres sure, tem per a ture and wa ter ab strac tion
vol ume are mea sured us ing a pres sure gauge, an elec tronic
ther mom e ter and a flowmeter in stalled on the well head. These 
mea sure ments are con ducted once a week. The same fre -
quency is ap plied to mea sur ing tem per a ture, wa ter ta ble level
and wa ter ab strac tion vol ume in the Nowe and Marysienka in -
takes and, ad di tion ally, to mea sur ing well head pres sure in the
C-2 well. For the Basenowe Mêskie spring, dis charge and wa -
ter tem per a ture are mea sured once a month. The anal y sis
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Fig. 2. Changes in wa ter tem per a ture (T) and dis charge (Q) of the Basenowe Mêskie in take in Cieplice
in se lected ex ploi ta tion pe ri ods

1 – start of ex ploi ta tion (sta bi li za tion); 2 – drill ing and ex am i na tion of the C-1 and C-2 wells; 3 – sta bi li za tion; 4 – in -
creased ab strac tion from well C-2; 5 – deep en ing and ex am i na tion of the C-1 well, 6 – sur veys dur ing re con struc tion of
the C-1 well, 7 – ex ploi ta tion of the C-1 well (ac cord ing to Liber, 2008; Liber-Makowska and Kie³czawa, 2020, up dated
and mod i fied)
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con ducted took ac count of mea sure ments made in
1956–2025 as part of reg u lar mon i tor ing of the Min ing Plant of
Cieplice Health Re sort Ltd., af fil i ated with the Pol ish Health
Re sort Group op er at ing as a part of the cor po rate group
KGHM Polska Miedz JSC.

In the Karpniki de posit, ther mal wa ters have been ex tracted
from the KT-1 well since 2016 and used to heat the Karpniki
Cas tle ho tel. The well is sub ject to sta tion ary ob ser va tions in -
clud ing weekly mea sure ments of wa ter ab strac tion vol ume (us -
ing a flowmeter), well head pres sure and wa ter tem per a ture.
The mea sure ments of op er a tional pa ram e ters have been con -
ducted as part of reg u lar mon i tor ing of the Min ing Plant of
Termy Zamek Karpniki Ltd. 

The wa ter ab strac tion vol ume from in takes C-1 and KT-1
was cal cu lated as ap prox i mate av er age val ues from an nual ab -
strac tion, there fore they were not shown in the graph as vari -
ables over time in the chap ter on re sults.

In or der to char ac ter ize the range of main changes in op er a -
tional pa ram e ters such as well dis charge, wa ter tem per a ture
and well head pres sure, the long-term mean, the min i mum and
the max i mum, the stan dard de vi a tion and the co ef fi cient of vari -
a tion de fined as the ra tio of the stan dard de vi a tion to the arith -
me tic mean (ex pressed as a per cent age) were de ter mined.
The co ef fi cient, un like stan dard de vi a tion, better ex presses
vari a tion in an ana lysed char ac ter is tic when it is being com -
pared to various distributions. 

Pre vi ous stud ies of vari abil ity in se lected op er a tional pa -
ram e ters (Liber, 2008) have in di cated the need to sep a rately
ana lyse changes oc cur ring through out all the ob ser va tion pe -
riod and in se lected pe ri ods char ac ter ized by sta ble and un sta -
ble op er a tional con di tions. Se lect ing these pe ri ods on the ba sis
of sta tis ti cal or hydrogeological vari abil ity in di ca tors re quires
iden ti fy ing the causes and the char ac ter of the changes oc cur -
ring. It is par tic u larly im por tant in the case of ana lys ing changes
in op er a tional pa ram e ters ob served over a long pe riod of time,
such as over 60 years in the case of the Cieplice springs.

The dis charge of the Cieplice springs is the most vari able
pa ram e ter. In or der to quan tify vari a tion in this pa ram e ter, a
hydrogeological long-term vari abil ity in dex R (Pazdro and Ko -
zerski, 1990), un der stood as the ra tio of the max i mum to the
min i mum dis charge, was ad di tion ally cal cu lated. The cal cu la -
tions were per formed for the Basenowe Mêskie spring, for
which reg u lar dis charge mea sure ments have been con ducted
since 1956. In the other springs, no dis charge mea sure ments
have been per formed for at least twelve years. 

RESULTS AND INTERPRETATION

Cal cu la tions of ba sic val ues char ac ter iz ing the range of
changes in op er a tional pa ram e ters in 1956–2025 for the Cie -
plice in takes and in 2016–2025 for the KT-1 well are shown in
Ta ble 2.

The high est wa ter tem per a ture in the Cieplice in takes, os cil -
lat ing be tween 57 and 83°C, was reg is tered in the C-1 well in
2012–2025 (pe riod of ex ploi ta tion af ter re con struc tion of the
well). The cal cu lated av er age wa ter tem per a ture in this well is
77.0°C. In springs, this pa ram e ter var ied from 20.8°C in the
Marysienka spring to 42.8°C in the Basenowe Mêskie spring.
The cal cu lated co ef fi cient of vari a tion, amount ing to sev eral
per cent for most of the in takes, in di cates lit tle vari a tion in wa ter
tem per a ture.

Dis charge is a highly vari able pa ram e ter in the Cieplice
springs. In some of them, out flow of wa ter has even com pletely
dis ap peared, mostly as a re sult of hydrogeological sur veys car -
ried out dur ing the deep en ing of the C-1 well (1997–1998) or
dur ing its re con struc tion (in February 2011).

Well head pres sure mea sured in the C-2 well (1973–2025)
also shows sig nif i cant vari a tion. Like the spring dis charge, this
pa ram e ter dis plays con sid er able fluc tu a tions (0–1.42 MPa).
Ex tremely low val ues (0.34 MPa) were re corded in 1998, dur ing 
de posit sur veys con ducted in the C-1 well. Pres sure ob served
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Fig. 3. Changes in wa ter tem per a ture (T) and well head pres sure (P) in the C-1 well in Jelenia Góra-Cieplice
 in se lected ex ploi ta tion pe ri ods

1 – start of ex ploi ta tion, 2 – in creased ex trac tion, 3 –  de creased ex trac tion, 4 – re cent ex ploi ta tion pe riod
 (ac cord ing to Liber-Makowska and Kie³czawa, 2020, up dated and mod i fied)
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in the C-1 well through out its ex ploi ta tion pe riod (2012–2025)
has os cil lated from 0.34 to 0.49 MPa (Ta ble 2).

The tem per a ture of wa ter from the KT-1 well, mea sured in
2016–2025, has os cil lated from 42 to 55°C. This pa ram e ter
shows lit tle vari a tion, in di cated by a 2.9% co ef fi cient of vari a -
tion. Much greater vari a tion is ob served for well head pres sure,
vary ing from 0.016 to 0.1 MPa, with an av er age of 0.34 MPa
(Ta ble 2). This vari a tion is as so ci ated with the ini tial pe riod of
ex ploi ta tion of this well, be fore the in stal la tion of a gas sep a ra -
tor, which has con trib uted to a sta bi li za tion of the mea sure ment
con di tions. 

The range of changes de scribed, in in take dis charge, wa ter
tem per a ture and well head pres sure, as well as cal cu la tions of
sta tis ti cal char ac ter is tic val ues (the min i mum, the max i mum
and the co ef fi cient of vari a tion) of these pa ram e ters for in takes
in the Cieplice and Karpniki de pos its point to their het er o ge ne ity 
and change ability through out the ob ser va tion pe riod. The larg -
est vari a tion is ob served in the dis charge of Cieplice spring (co -
ef fi cient of vari a tion 24.8%) and well head pres sure in the KT-1
and C-2 wells (co ef fi cient of vari a tion 56.2–64.7%) in Karpniki
and Cieplice. Vari a tion in wa ter tem per a ture in the in takes sur -
veyed is much smaller (with a coefficient of variation between
2.9 and 12%).

The cal cu lated long-term vari abil ity in dex R for the Base -
nowe Mêskie spring is 42.6 for all of the study pe riod
(1956–2025), and only 1.2 for a se lected pe riod of sta ble ex -
ploi ta tion (1978-1993). Ac cord ing to Maillet’s clas si fi ca tion
(Pazdro and Kozerski, 1990), an R in dex of over 10 points to
sig nif i cant vari abil ity in the dis charge of a given in take. The
cause of such large changes in the dis charge of these ther mal
springs should be pri mar ily sought in the chang ing con di tions
of their ex ploi ta tion. 

The char ac ter of changes in the dis charge and wa ter tem -
per a ture in the Basenowe Mêskie in take is shown in Fig ure 2.
The se lected ex ploi ta tion pe ri ods, char ac ter ized by ex treme
dis charge fluc tu a tions, are sim i lar to those in the re main ing in -

t

akes of the Cieplice de posit. The chart shows changes in the
dis charge of the Basenowe Mêskie spring in 1956–2025. This
has been the lon gest pe riod of reg u lar dis charge mea sure -
ments of ex ploited springs of var i ous me dic i nal wa ters in the
Pol ish part of the Sudetes. The chart shows 4472 re charge
mea sure ments, and was up dated as part of this re search, and
ex panded to in clude the last six years of ob ser va tions (Fig. 2).

A con sid er able drop in wa ter tem per a ture and spring dis -
charge cul mi nat ing in com plete dis ap pear ance of out flows
was caused by drill ing and hydrogeological sur vey ing con -
ducted in con nec tion with: the drill ing of the C-1 and C-2 wells
in 1973–1974 (pe riod 2); the deep en ing of the C-1 well in
1997–1998 (pe riod 5); and its re con struc tion and prep a ra tion
for ex trac tion in 2011–2012 (pe riod 6). A smaller drop in wa ter
tem per a ture and spring dis charge was re lated to the ex ploi ta -
tion of wells C-2 (pe riod 4) and C-1 (pe riod 7) and in creased
wa ter ab strac tion from these in takes (since 1994 and 2014 re -
spec tively). In the last high lighted pe riod, 7 (Fig. 2), there was
an in crease in spring dis charge be tween May 2020 and June
2021, which was re lated to lower wa ter ex trac tion from well
C-1 (Fig. 3, pe riod 3) dur ing the Covid-19 pan demic. Such a
rapid and clearly marked re ac tion in di cates the ex is tence of
hy drau lic con nec tions be tween the Basenowe Mêskie spring
and well C-1. 

Af ter the re con struc tion of the deep ened C-1 well in
2011–2012, the Cieplice Health Re sort started ex ploi ta tion of
this well while dis con tinu ing ex trac tion from the C-2 well. Ther -
mal wa ters ex tracted from the C-1 well are used for balneo -
therapeutic pur poses, and since 2014, also for rec re ational pur -
poses in the pools of the Cieplice Baths Ltd. Since that year, the 
vol ume of ther mal wa ters ex tracted for the needs of the Health
Re sort and the Cieplice Baths Ltd. has in creased (Liber, 2008;
Liber-Makowska and Kie³czawa, 2020). The main in take ex -
ploited is the C-1 well, and ad di tion ally, wa ters from shal low
Marysienka and Nowe in takes are ex tracted.
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Fig. 4. Changes in wa ter tem per a ture (T) and well head pres sure (P) in the KT-1 well

 in Karpniki in se lected ex ploi ta tion pe ri ods

1 – start of ex ploi ta tion, 2 – in creased ex trac tion
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The ex ploi ta tion of the C-1 well caused a de cline in well -
head pres sure of the C-2 well un til com plete dis ap pear ance of
its ar te sian flow, with a si mul ta neous drop in wa ter tem per a ture
(from 62 to 25°C). The char ac ter of changes in wa ter tem per a -
ture and well head pres sure in the C-1 well ob served in se lected
ex ploi ta tion pe ri ods be tween 2012 and 2025 are shown in Fig -
ure 3. The se lected ex ploi ta tion pe ri ods are mainly re lated to
the vary ing ex trac tion vol ume in this well. For in stance, in -
creased wa ter ab strac tion from the C-1 well af ter 2014 (from
~5.5 to ~17 m3/h), re lated to the open ing of the Cieplice Baths
Ltd. is the ba sis for de lim it ing a char ac ter is tic pe riod (pe riod 2).
At the be gin ning of 2020, wa ter ab strac tion vol ume dropped
(from ~18 to ~12 m3/h) due to a de creased de mand for ther mal
wa ter dur ing the Covid-19 pan demic (pe riod 3), and since 2021
the ex trac tion in creased again (to >16m3/h; pe riod 4). As ex -
trac tion in creases, a de crease in well head pres sure ac com pa -
nied by si mul ta neous in crease in wa ter tem per a ture are ob -
served. The ob served in crease in wa ter tem per a ture in con di -
tions of higher ex trac tion from the C-1 well could in di cate a
more in ten sive in flow of ther mal wa ters to this in take.

An anal y sis of changes in the ex ploi ta tion pa ram e ters of the 
KT-1 well in Karpniki has pro vided a ba sis for de ter min ing the
char ac ter of cor re la tion be tween wa ter tem per a ture and well -
head pres sure in 2016–2025, in con di tions of vary ing vol umes
of ther mal wa ter ex tracted for heat ing pur poses. The char ac ter
of changes in these pa ram e ters is shown in Fig ure 4. The chart
shows two ex ploi ta tion pe ri ods spec i fied for the KT-1 well, con -
nected with changes in the ex trac tion vol ume since the be gin -
ning of its ex ploi ta tion, i.e. since 2016 . At the ini tial stage of the
ex ploi ta tion, both of the ob served pa ram e ters fluc tu ated un til
they sta bi lized af ter 2019. The av er age wa ter tem per a ture in
this in take, cal cu lated for the whole ob ser va tion pe riod, is
51.2°C, and the well head pres sure 0.034 MPa (Ta ble 2). In
2019–2025, an in crease in wa ter tem per a ture was ob served
along with a drop in well head pres sure. The re corded in crease

in wa ter tem per a ture in con di tions of in creased ex trac tion could
be re lated to an in creased in flow of ther mal wa ter to the KT-1
well, as in the case of the pre vi ously ana lysed C-1 well in
Cieplice.

To sum up, the dy namic changes stud ied in the op er a tional
pa ram e ters of the Cieplice de posit over >60 years have been
linked to chang ing op er a tional con di tions caused by deep drill -
ing and hydrogeological sur vey ing car ried out in wells. A par tic -
u larly strong re sponse to such changes in ex ploi ta tion con di -
tions is ob served in springs. It is usu ally man i fested by de creas -
ing wa ter tem per a tures and de cline in in take dis charge un til
com plete dis ap pear ance of out flows. This poses a threat to the
qual ity and quan tity of the ther mal wa ters ex tracted. These ex -
am ples of ex treme changes in ther mal spring dis charge in re -
sponse to drill ing and hydrogeological in ves ti ga tion or well ex -
ploi ta tion point to the ex is tence of a hy drau lic con nec tion be -
tween in takes within one de posit. A sim i lar char ac ter of chan -
ges in de posit pa ram e ters was ob served in the ex ploited KT-1
well in Karpniki. 

DISCUSSION

Based on the geo log i cal sur vey de scribed above, con -
ducted dur ing deep drill ing of the Cieplice-1, Staniszów-1 and
Karpniki-1 wells, it can be con cluded that the main routes of
ground wa ter flow within the gran ite Karkonosze Mas sif are sys -
tems of frac tures and nu mer ous faults, com monly hav ing the
char ac ter of re gional dis lo ca tion zones and deep tec tonic frac -
tures. Fur ther more, dur ing the drill ing, depth ranges of faults
and frac ture zones were iden ti fied. The larg est in flows of ther -
mal wa ters from tec toni cally dis turbed zones were found at
depths rang ing from ~1400 m (in the ST-1 well) to 1800 m (in
the KT-1 well). The up per limit of ther mal wa ter oc cur rence in
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T a  b l e  2

Val ues char ac ter iszing changes in the op er a tional pa ram e ters of ther mal wa ter in takes
 in the Cieplice and Karpniki wells

In take
(spring* or well**)

Re search 
pe riod

Num ber of
measurements Mean

Min i mum

(date: yr-m-d)

Max i mum

(date: yr-m-d)
Stan dard
de vi a tion

Co ef fi cient 
of vari a tion [%]

Wa ter tem per a ture [°C]

Marysieñka* 1958–2025 3169 20.8
14.2

(1997-05-09)

27.4

(1959-10-29)
1.67   8.0

Nowe* 1956–2025 3396 31.4
20.0

(2012-08-23)

40.6

(1957-05-16)
3.9 12.0

Basenowe
Mêskie* 1956–2025 4426 40.2

32.0

(1997-07-25)

42.8

(1974-10-31)
1.40   3.5

C-1** 2012–2025 770 77.0
57.0

(2020-05-20)

83.0

(2024-03-11)
5.57   7.2

KT-1** 2016–2025 620 51.2
42.0

(2018-10-29)

55.0

(2022-12-27)
1.47   2.9

Dis charge [m3/h]

Basenowe
Mêskie* 1956–2025 4472 0.93

0

(2011-02-28)

1.70

(1961-10-21)
0.23 24.8

Well head pres sure [MPa]

C-1** 2012–2025 770 0.390
0.340

(2017-12-20)

0.490

(2014-02-19)
0.04 10.0

C-2** 1973–2025 2203 0.170
0

(1998-03-02)

1.420

(1998-06-18)
0.11 64.7

KT-1** 2016–2025 619 0.034
0.016

(2020-05-11)

0.100

(2019-03-04)
0.19 56.2



the area of Cieplice is ~300 m. Apart from chang ing wa ter tem -
per a ture, ver ti cal hydrochemical zon ing is ob served. In con trast 
to the more shal lowly cir cu lat ing cold wa ters, the ther mal wa ters 
are char ac ter ized by higher flu o ride ion con tent (>10 mg/L) and
in creased amounts of sil ica in the form of metasilicic acid (>35
36–136 mg/L). The more de tailed geo chem i cal char ac ter is tics
of the ther mal wa ters of the Jelenia Góra geo ther mal sys tem
are de scribed by Dobrzyñski et al. (2016, 2023) and Liber-
 Makowska and Kie³czawa (2020). These hydrogeochemical or
hydrogeothermal anom a lies may oc cur along very deep cir cu -
la tion wa ter out flows as so ci ated with deep tec tonic frac ture
zones (Ciê¿kowski and Mroczkowska, 1985).

Based on the con di tions of de posit ex ploi ta tion de scribed, it
can be con cluded that the ther mal wa ters of the Jelenia Góra
geo ther mal sys tem are deep cir cu la tion wa ters, usu ally cap -
tured from flow ing wells with high dis charges (Cieplice and
Karpniki). Re search into the iso to pic com po si tion of the wa ters
of the Jelenia Góra geo ther mal sys tem in di cates that these are
deep cir cu la tion wa ters (over 1,000 m), with an av er age flow
time of over 10 kyr, and the re charge area is lo cated at a con -
sid er able dis tance from the drain age zone. Com pa ra ble con -
cen tra tions of sta ble iso topes of ox y gen and hy dro gen, as well
as no ble gases and ra dio car bon in the Cieplice, Karpniki and
Staniszów wa ters cor rob o rate their in fil tra tion or i gin and long
flow time. In drain age zones, these wa ters can mix with shal -
lower cir cu la tion wa ters. The ther mal wa ters in the main cir cu la -
tion sys tem are re charged in the ar eas lo cated to wards the SE
and S of the dis charge ar eas. A dif fer ent chem i cal and iso to pic
com po si tion is char ac ter is tic of wa ters in the Sobieski spring
(Cieplice), whose un der ground flow time is only ~5 yr (Ciê¿ko -
wski et al., 1996).

An anal y sis of changes in the main hy dro dy namic pa ram e -
ters of the Cieplice and Karpniki de pos its in di cates that the pa -
ram e ter with the low est vari abil ity is the tem per a ture of the ther -
mal wa ter flow ing from the springs and wells.

Re search in di cates that ex treme changes in the dis charge
of the springs are usu ally caused by drill ing or changes in the
amount of wa ter ex tracted from wells within the de posit. This
hy dro dy namic pa ram e ter is char ac ter ized by the great est vari -
abil ity. The larg est fluc tu a tions are ob served for the dis charge
of the Cieplice springs, in par tic u lar the Basenowe Mêskie
spring, which have been ob served since 1956. Changes in this
pa ram e ter re flect the re cent his tory of the de vel op ment of the
Cieplice health resort over the last 69 years. 

An anal y sis of changes in the hy dro dy namic pa ram e ters
stud ied in di cates that an other hy dro dy namic pa ram e ter show -
ing sig nif i cant fluc tu a tions is the well head pres sure in the C-1
and KT-1 wells.

A fur ther hy dro dy namic pa ram e ter show ing sig nif i cant vari -
a tion is well head pres sure in the C-1 and the KT-1 wells. These
are ex ploited us ing a flow ing well sys tem un der ar te sian pres -
sure. The great est well head pres sure changes were ob served
at the start of their ex ploi ta tion. In both wells, in creased wa ter
ab strac tion causes a rapid pres sure drop and an in crease in the 

tem per a ture of the wa ter flow ing out of the well. The ob served
in crease in wa ter tem per a ture ac com pa ny ing higher ex trac tion
from the C-1 and the KT-1 wells may in di cate a more in ten sive
in flow of ther mal wa ters to these in takes. These vari a tions are
dy namic and that they may be sub ject to change. A re duc tion in
the ab strac tion of me dic i nal ther mal wa ter dur ing the Covid-19
pan demic caused the op po site re ac tion, i.e. a rise in pressure
and a simultaneous drop in water temperature.

CONCLUSIONS

The in ter de pen den cies be tween the hy dro dy namic pa ram -
e ters stud ied in both the Cieplice and Karpniki de pos its are very 
sim i lar. A char ac ter is tic fea ture is a strong, al most im me di ate
and si mul ta neous re ac tion (of spring dis charge or well head
pres sure and tem per a ture) to ex treme changes in ex ploi ta tion
con di tions. In the past, these were caused by deep drill ing and
hydrogeological sur vey ing. Cur rently, they mainly re lated to
change in ther mal wa ter ab strac tion vol ume from the C-1 and
KT-1 pro duc tion wells. The iden ti cal na ture of changes in the
hy dro dy namic pa ram e ters stud ied in the Cieplice and Karpniki
de pos its con firms sim i lar ther mal wa ter cir cu la tion con di tions in
the fis sured gran ite mas sif of the Karkonosze. The ex is tence of
a com mon geo ther mal sys tem is also in di cated by the sim i lar
chem i cal and iso to pic com po si tions of the ther mal wa ters of
Cieplice, Karpniki and Staniszów. The char ac ter is tic fea tures of
the wa ters found here are their low min er ali sa tion and high con -
tent of flu o ride ions and metasilicic acid. These are deep cir cu -
la tion wa ters with a sim i lar long flow time (over 10 kyr) from re -
charge ar eas to their drain age zones. The re sults of this re -
search are of fun da men tal im por tance in de ter min ing pos si ble
changes in res er voir pa ram e ters and the pro tec tion of ther mal
wa ter re sources in the Jelenia Góra re gion. From a broader per -
spec tive, the research can be used to explore, or better
understand, the conditions of thermal water deposits in similar
crystalline massifs in the Sudetes. 
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