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Sig nif i cant dis charge changes of karst springs, to the point of their dis ap pear ance, prompt re search into the causes as re -
lated both to cli mate change and to hu man-in duced fac tors. This anal y sis uses cli mate data from the last 70 years, pub li ca -
tions from the be gin ning of the 20th cen tury, bi en nial mea sure ments of the dis charge rate of six se lected springs over the last 
40 years, and con sid er ations of mine drain age. An in crease in av er age air tem per a ture by 1.5°C in the last 30 years, a slight
de crease in pre cip i ta tion and an al most qua dru pled in crease in ground wa ter ex trac tion in mines were re cog nised. Such a
sig nif i cant in crease in mine-re lated ground wa ter ex trac tion sig nif i cantly af fects the springs’ dis charge rate and the river net -
work. Sig nif i cant mine drain age and ground wa ter ex trac tion are caus ing del e te ri ous  changes to pre vi ously good-qual ity
ground wa ter.

Key words: springs, karst, dis charge change, cli mate and its vari abil ity, mine dewatering, ground wa ter.

INTRODUCTION AND THE AIM 
OF THE RESEARCH

The IPCC’s Sixth As sess ment Re port (2021) finds a
1.2–1.5°C in crease in the globe’s av er age air tem per a ture in re -
cent years. Si mul ta neously, the most re cent stud ies from
2021–2022 have shown fre quent dis ap pear ance and/or a sig -
nif i cant de crease in the dis charge rate of se lected large wa ter
sources drain ing Tri as sic car bon ate rocks in the Opole re gion
(SW Po land) com pared to the mea sure ments from the 1980s.
This re search ex plores this phe nom e non us ing sev eral-years
se ries of dis charge rate mea sure ments of the springs over the
last 40 years. This re quires an as sess ment of both nat u ral and
anthropogenic fac tors de ter min ing the re sponse of the springs
and the cur rent state of ground wa ter re sources. The ques tion is 
which fac tors, and to what ex tent, de ter mine such sig nif i cant
changes in the dis charge rate of the springs ob served. Is it cli -
mate change, in volv ing pre cip i ta tion and the re corded warm ing, 
or is it the ex ploi ta tion of ground wa ter re sources?

The study area is lo cated in SW Po land and is part of the
Kraków-Silesian Up land. The karst springs oc cur ring here drain 
Tri as sic lime stones and dolomites (Rhoetian and Muschelkalk). 
The springs are lo cated on the monoclinal unit of the Silesian
Up land. In the past, springs drain ing car bon ate rocks reached

high dis charge rate reach ing 330 l/s (Staœko, 1984, 1992). The
spring-fed bas ins con sti tute mainly ag ri cul tural ar eas with a
small pro por tion of for ests and ru ral and ur ban de vel op ments.
In the area re searched, there are four large opencast mines,
namely Strzelce Opolskie, Tarnów Opolski, Izbicko and
Góra¿d¿e, which mine lime stone and do lo mite to pro duce ce -
ment and road ag gre gate. Ex ploi ta tion of the lime stone in -
volves their dewatering.

RESEARCH METHODS AND COLLECTED DATA

The lo cal karst springs drain Tri as sic car bon ate rocks. The
springs are lo cated on the monocline unit of the Silesian Up -
land. Res er voir rocks com prise Tri as sic lime stones and
dolomites of Ger manic fa cies. Above Bunter sand stones, there
are dolomites, marls and Roethian evaporites, as well as
Muschelkalk rocks 70–90 m thick. The last of these con sti tute a
ground wa ter re source. Pre vi ous re search has shown the po -
ros ity of the lime stones and dolomites are in the range of
0.9–31.9% (12% on av er age). They are ac com pa nied by frac -
ture and karst phe nom ena (Staœko, 1992; Kryza and Staœko,
2000). The value of hy drau lic con duc tiv ity var ies, as de ter -
mined based on pump ing tests, in the range be tween 1.7x10–7

and 4.8x10–3 m/s (Wcis³o et al., 2014). How ever, a typ i cal value
is high, at 4x10–4m/s. The wells ex ploit ing this aqui fer pro vide
100–130 m3/h with a small de pres sion. The ground wa ter ta ble
shows large changes with the an nual am pli tude reach ing
10.8 m. The flow rate, de ter mined us ing iso to pic con straints, is
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10–25 years in the ac tive flow zone. The sources drain ing the
lime stones at tain high re charges, reach ing 330 l/s (Staœko,
1984, 1992). De tailed re search of the vari abil ity took place in
1980–1983, and was re sumed in 2018–2022. In this case, com -
par i sons for the 40-year ob ser va tion pe riod are pos si ble. The

dis charge rate of six sources was mea sured and stud ied.  Out
of these, four were sub ject to de tailed weekly ob ser va tions in
1980–1983 (Staœko, 1984, 1992). These were springs in
Ro¿ni¹tów, Sucha, B³otnica Strzelecka and Odrow¹¿ (Ta ble 1
and Figs. 1 and 2). Study ing their vari abil ity af ter 40 years, two
ad di tional out flows in Porêba and G¹siorowice were in cluded in
the ob ser va tion net work and mea sure ments were re sumed in
2021–2022.

The re sults of the au thor’s lat est re search in 2021–2022
were sup ple mented with mea sure ments by other au thors from
1984–1989 for the springs of Odrow¹¿ (Œliwka, 1984), Porêba
and Sucha (Nowacki, 1987, 1989a, b) from 1991–1992 for the
springs of B³otnica Strzelecka and Ro¿ni¹towa (Zieliñski, 1992)
and 2018–2019 (Kacprzak, 2019). The data from these in ter -
vals com prises over 484 mea sure ments. They con sti tute a ba -
sis for the com par i son of dis charge changes over the last 40
years. The ba sic pa ram e ters of the ob served sources and the
re sults of the mea sure ments are sum ma rized in Ta ble 1.

The dis charge rates of these large karst springs were mea -
sured us ing cal i brated flowmeters: in 1980–1983 with a Hega
flowmeter, and in 2021–2022 with a Seba F-1 flowmeter with an 
ac cu racy of 2–5%.

To con sider the rea sons for dis charge changes of the
sources, the avail able de tailed cli mate data on pre cip i ta tion and 
air tem per a tures were com piled. Data were col lected for the
Opole sta tion and the sta tion lo cated in the ba sin area in
Strzelce Opolskie from the pe riod 1951–2022. Ar chi val data
were ob tained from the da ta base of the In sti tute of Me te o rol ogy
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av er age Q 

[l/s]
Re marks/mea sure ment num ber 

1.B³otnica
Strzelecka

50o 29’ 54” N, 

18o 7’ 43” E

1981–1989

1991–1992

2018–2019

2021–2022

S

WZ

JK

STB

58.6

8.3

2.4

16.2

“Thou sand springs” /67

2.Ro¿ni¹tów
50o 30’ 27” N

18o 15’ 1” E
231.0

1981–1989

1991–1992

2002–2003

2018–2019

2021–2022

S

WZ

ZA

JK

STB

130.4

14.8

0.0

0.0

33.3

Ar eal out flow/114

3.Sucha
50o 33’ 09” N

18o 13’ 26” E
194.7

1981–1987

1988–1989

2002–2003

2018–2019

2021–2022

S

FN

ZA

JK

STB

115.9

5.4

0.0 

1.2

4.1

Ar eal out flow /111

04.Odrow¹¿
50o 30’ 53” N

17o 57’ 19” E 
157.0

1981–1983

1986–1989

1983–1984

2002–2003

2018–2019

2021–2022

S

S

RS

ZA

JK

STB

82.8

79.6

63.3

38.36

29.9

67.7

Odra val ley/113

5.G¹siorowice 
50o 33’ 27” N

18o 21’ 31” E
205.8

1991–1992

2018–2019

2021–2022

WZ

JK

STB

6.51

13.2

34.2
Lin ear spring/20

6.Porêba
50o 26’ 32” N

18o 11’ 9” E
235.7 

1984–1987

2002–2003

2018–2019

2021–2022

FN

ZA

JK

STB

17.8

23.14

11.7

17.4

“Seven Springs”/113

Au thors:  S – Stanis³aw Staœko; JK – Jakub Kacprzak; STB – Stanis³aw Staœko, Marta Tra³ka, Marek B³achowicz; FN – Franciszek Nowacki;
RS – Ro man Œliwka; WZ – Wojciech Zieliñski; ZA – Zaleska
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Fig. 1. Lo ca tion of the re search area within Po land



and Wa ter Man age ment (IMGW; pogodynka.pl). The mea sure -
ments were taken us ing ap pro pri ate cli mate re search meth od -
ol ogy (of the In sti tute of Me te o rol ogy and Wa ter Man age ment
Re port). To com pare lon ger time pe ri ods, his tor i cal pre cip i ta -
tion data from 1892–1939 were com piled (Klimatekunde,1939).  
Sub se quently, ar chi val and cur rently avail able data on the vol -
ume of dis charged ground wa ter from opencast mines in
Tarnów Opolski and Strzelce Opolskie were col lected (Mar -
shal’s Of fice Opole, PP Wody Polskie, In for ma tion Sys tem
Opole).  The re sults of mine dewatering and con tin u ous cli ma tic 
mea sure ments col lected in this way were used to de ter mine
their im pact on dis charge changes in se lected sources.

RESEARCH RESULTS AND DATA ANALYSIS

Four sources drain ing Tri as sic lime stone rocks were sub ject 
to de tailed mea sure ments be tween 1980–1983 and more re -
cently be tween 2018–2022. Ar chi val mea sure ments from the
1980s al low di vi sion of the sources stud ied into two groups. The 
first group in cludes two sources with high dis charge rates
reach ing 330 l/s and the high est vari abil ity, with dis ap pear ance
of the out flow as the min i mum. These are the springs in Sucha
and Ro¿niatow, nos. 2 and 3, Ta ble 1 and Fig ure 1, re spec -
tively. The other group in cludes sources with vari able dis charge 
rates, though never dis ap pear ing. These are out flows in
Odrow¹¿, B³otnica Strzelecka, Porêba and G¹siorowice.

The spring in the vil lage of Ro¿ni¹tów, lo cated to the west of 
Strzelce Opolskie, flows out in the cen ter of the vil lage and
drains the wa ter-bear ing top lay ers of the Roetian, made of
lime stone and do lo mite (Fig. 3).
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Fig. 2. Re search area and mon i tored springs on a map of land man age ment and sim pli fied ge ol ogy

Fig. 3. Ro¿ni¹tów spring in March 2022
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The spring flows from an es carp ment and forms a 30 ´ 50m
pond. It has the lon gest ob ser va tions, of more than a cen tury.
Ac cord ing to ar chi val data, “the spring was so strong in the last
cen tury that it pow ered a wa ter mill” and “only in the ex cep tion ally 
dry years of 1914, 1921 and 1928 was there a vis i ble weak en ing
of the spring” and “The wa ter re sources are so great that they
can be de scribed as al most in ex haust ible” Assmann (1929). The 
most re cent sur veys found the wa ter out flow of the Ro¿ni¹tów
spring to be only from April to July 2021 and in Oc to ber 2022.
Dur ing the re main ing parts of 2002–2003, 2018–2019 and
2021–2022, no wa ter came from the spring. Changes in the dis -
charge rate of this spring in the pe ri ods ob served are shown in
Fig ure 4.

There has been a down ward trend in av er age dis charge
rates and long pe ri ods of wa ter short ages in re cent years. The
dashed line in di cates mov ing av er age 10 points val ues.

Be yond the vil lage of Szymiszów, the wa ters of the
Ro¿ni¹tów stream dis ap pear into a ponor (Fig.5). How ever,
three kilo metres away, an other large spring was found in the vil -
lage of Sucha. It is lo cated in a meadow 200 metres from the
Strzelce Opolskie-Opole Road and flows out of Muschelkalk
car bon ate rocks that over lie the Roetian strata (Fig. 6).

Stud ies from the 1980s showed high dis charge rates in the
range of 11-332 l/s, in clud ing dis charge rates of above 100 l/s
which were re corded for 15 months. In 1981–1983, the av er age 
dis charge rate was 115.9 l/s. How ever, like the Ro¿ni¹tów
spring, out flow dis ap pear ances were noted for three months
from No vem ber 1982 to Feb ru ary 1983. Sur veys in 2021–2022
showed a sig nif i cant, over 10-fold, de crease in dis charge rate.
Out flow from this source was ob served for only three months
from April to June 2021.

As in the case of the Ro¿ni¹tów spring, the vari able and pe -
ri odic spring in Sucha has re cently shown sig nif i cant changes
and long-term wa ter short ages since 1988.  This is shown in
Fig ures 7 and 8.

The spring in B³otnica Strzelecka (also de scribed as the
Centawa or Thou sand Springs in other pa pers) is lo cated in a
val ley south of the school build ing on the edge of the for est,
800 m from the Strzelce Opolskie-Gliwice Road. It con sti tutes
an ex ten sive spring with 14 dis tinct ar te sian, pul sat ing out flows.
It was la belled as the site of the “Thou sand Springs” on older
geo logic maps (Assmann, 1944) and drains Roetian res er voir
rocks (Fig. 9).
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Fig. 4. Dis charge change of the spring in Ro¿ni¹tów from 1981 to 2022

Fig. 5. Dry spring, Ro¿ni¹tów, Jan u ary 2020 Fig. 6. Sucha spring May 1982



In the 1980s, the spring in B³otnica Strzelecka (Fig. 11)
showed an av er age dis charge rate of 53 l/s (Staœko, 1988).
Cur rently, based on ob ser va tions in 2021–2022, it shows a
two-thirds lower value on av er age, namely 16.9 l/s. For a good
part of the year, from Sep tem ber to March, low dis charge rates
of 1–5 l/s and short pe ri ods of dis ap pear ance were noted, as
shown in Fig ure 10.

The spring in Odrow¹¿ is lo cated on the ter race of the Odra
River just be low the bridge over the Odra River on the A4
motor way route and drains Muschelkalk rocks. It has now been
turned into a trout fish ery (Figs. 12 and 14) and is a spe cific site
for un usual plant spe cies (Spa³ek et al., 2011). Mea sure ments
of the dis charge rate of this spring in the 1980s were at 82-63 l/s 
while to day av er age dis charge rates of 67–29 l/s are ob served
(see Fig. 13).

In turn, the spring in Porêba is in the stream val ley near the
road from St. Anne’s Moun tain on the south side of this moun -
tain. It drains Roetian lime stones and dolomites (Fig. 15). His -
tor i cal re cords show that there were sev eral wa ter mills here in
the last cen tury. Ac cord ing to the data for the 1980s, the dis -
charge rates noted were 11–17 l/s, and cur rently the av er age
rate is 14.9 l/s (Fig. 16).

The spring in G¹siorowice is lo cated north of Strzelce
Opolskie and the Strzelce Opolskie lime stone mine (Fig. 17). It
flows out of an es carp ment near the road and drains the top
Muschelkalk rocks. In 1991–1992 the spring showed vari able
dis charge rates be tween 0–32 l/s (Zielinski, 1992). In
2018–2002, dis charge rates were 17–34 l/s (Fig. 18). More re -
cent mea sure ments, how ever, show an av er age of more than
30 l/s.
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Fig. 7. Dis charge changes in the Sucha spring from 1981 to 2022

Fig. 8. Dry out flow spot, the Sucha spring, March 2022
Fig. 9. Spring in B³otnica Strzelecka (Centawa), called the

Thou sand Springs, in May 1982.
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CLIMATE AND ITS CHANGES 
IN THE RESEARCH AREA

The Opole re gion is one of the warmer re gions in Po land.
The av er age air tem per a ture for the city of Opole was 8.55°C
dur ing the last half of the 20th cen tury (1950–1999). How ever,
for the pe riod 2000–2020, an in crease of up to 9.84°C has been 
re corded (IMGW Data base). The graph shows a clear ris ing
trend in the last two de cades.

Av er age an nual air tem per a tures have un der gone pe ri odic
changes and show an up ward trend in the last 30 years. To de -
ter mine the trend for these changes, de vi a tions from the av er -
age for a typ i cal 30-year pe riod cov er ing 1980–2010 were cal -
cu lated in ac cor dance with the rec om men da tions of the of

IMGW (Cli mate of Po land, 2021). Dur ing the 70-year pe riod
ana lysed, air tem per a tures have shown sig nif i cant de vi a tions
from the av er age nor mal tem per a ture.

As shown in Fig ure 19, there is an up ward trend which is
par tic u larly clear since 1989 with a max i mum in 2001–2020. It is 
pre ceded by a long pe riod of tem per a ture de vi a tions with neg a -
tive val ues. A cold pe riod with de vi a tions of –2.39°C and
–1.79°C (1956 and 1963) was re corded from 1955 to 1982.

Thus, we deal with an ex am ple of si nu soi dal changes in an -
nual av er age tem per a tures, in flu enced by sev eral fac tors. A
com par i son with the tem per a ture graph (Fig. 20) sug gests a
cyclicity of air tem per a ture changes in this area. In ad di tion to
the trend of in creas ing tem per a tures, cooler pe ri ods have also
been noted.  This is cor rob o rated by IMGW ob ser va tions show -
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Fig. 10. Dis charge rate of the spring in B³otnica Strzelecka in 1981–2022

Fig. 11. No out flow of the spring in B³otnica Strzelecka
Jan u ary 2020

Fig. 12. The spring in Odrow¹¿ in May 1982



ing that cold pe ri ods with de vi a tions in an nual av er age tem per a -
ture reach ing –2°C were re corded in the pe riod 1950–2000 and
a re cent warm pe riod in 2000–2020 (Cli mate of Po land, 2021).
This il lus trates the si nu soi dal changes in tem per a tures for the
long pe riod ana lysed. In ter est ingly, the top o graph i cally higher
Strzelce Opolskie sta tion shows lower air tem per a tures by
~1°C.

The sec ond ma jor fac tor de ter min ing the size of ground wa -
ter re sources is pre cip i ta tion. Av er age an nual pre cip i ta tion for
the two sta tions around Opole and Strzelce Opolskie in the past 
as well as the pres ent is sum ma rized be low.

Typ i cal yearly dis tri bu tions of monthly pre cip i ta tion to tals
are sum ma rized for the years 1892–1939 (Klimatekunde,
1939) and more re cent mea sure ments from 1951–2022 for the
Opole and Strzelce Opolskie sta tions as shown in Fig ure 21.

This is a typ i cal dis tri bu tion of monthly pre cip i ta tion val ues
for the con ti nen tal ar eas of cen tral Eu rope, with one max i mum
value (100–110 mm) fall ing in the month of July. In the months
pre ced ing May-June and in Sep tem ber, the to tals re volve
around the range of 50–80 mm. In the re main ing months they
have lower val ues of 30–50 mm. Higher monthly to tals are ev i -
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Fig. 13. Dis charge rate of the spring in Odrow¹¿ in 1981–2022

Fig. 14. The spring in Odrow¹¿, turned into a trout fish ery
Oc to ber 2021

Fig. 15. Porêba (Leœnica) Seven Springs, March 2022



dent for the Strzelce Opolskie sta tion (al ti tude ef fect) and in re -
cent years lower monthly av er age val ues have been re corded
for the Opole sta tion.

In the first half of the twen ti eth cen tury, pre cip i ta tion in Opole
was 649 mm (Klimatekunde, 1939). In 1963–1982, an in crease
of up to 688 mm was noted and cur rently it is lower at 608.6 mm.
Higher an nual pre cip i ta tion is found for Strzelce Opolskie. The
val ues were 721 mm, 782 mm (1963–1982) and cur rently 696.3
mm, re spec tively. Ar chi val data from the be gin ning of the 20th
cen tury and cur rent data show a de crease in an nual pre cip i ta tion 
to tals in the Opole area (Fig. 21). The cal cu lated dif fer ence in the 
vi cin ity of Opole is 6.7–10.4% com pared to data from the be gin -
ning of the 20th cen tury. How ever, in the area of Strzelce
Opolskie no such large changes are found and the de crease in
an nual pre cip i ta tion is neg li gi ble at 6%.

The graph shows a gen eral de crease in the av er age an nual
pre cip i ta tion to tals against a back ground of dry years with a
neg a tive de vi a tion (e.g., 1951–1955, 1957–1961) or wet years
(1964–1968, 1984–1988). The cyclicity of cli ma tic phe nom ena,
e.g. in the dis tri bu tion of pre cip i ta tion and tem per a ture, has al -
ready been noted and de scribed, e.g. Brückner (1890) and
Boryczka (2001) where 5–6, 10–13, 21–24 and 32–36
year-long pe ri ods of change have been shown.  In turn, mea -
sure ments around the springs (Strzelce Opolskie) from
1950–2022 show the op po site trend – an in crease in pre cip i ta -
tion in re cent years (Fig. 22). This in di cates the in flu ence of lo -
cal cli ma tic fac tors.

With the in crease in al ti tude in the Strzelce Opolskie re gion,
the av er age an nual pre cip i ta tion is 696 mm. In the wet years of
1963–1982 it was higher: 782 mm (Fig. 23). Wet years are vis i -
ble in the pe riod 1958–1981 and 2009–2010, fol lowed by dry
years 1982-2006 and then al ter nately wet and dry. In ad di tion,
no tice ably higher than av er age pre cip i ta tion was re corded in
1997–2001 and 2020 and 2022.

The weighted av er age pre cip i ta tion in pre vi ous years was
724 mm for the springs’ ba sin ana lysed.

GROUNDWATER EXPLOITATION

Avail able data on mine dewatering were col lected for the
Tarnów Opolskie mine from 1978–2022 (Kryza and Kryza,
2000; Pol ish Wa ter In for ma tion Sys tem) and for the Strzelce
Opolskie mine from 2008–2022 (Da ta base of the Mar shal’s Of -
fice and In for ma tion Sys tem). The Góra¿d¿e Com pany has a
wa ter-le gal per mit from 2007 for the dewatering of the “Strzelce
Opolskie” lime stone mine to an or di nate ground wa ter level not
ex ceed ing 188.5 m a.s.l. The doc u ment spec i fies the max i mum
daily dis charge of good qual ity wa ter into the Sucha River at
74,400 m3/d.  Sim i larly, the Tarnów Opolski mine has a per mit
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Fig. 16. Dis charge rate of the Porêba spring from 1984 to 2022

Fig. 17. Spring in G¹siorowice April 2021



from 2012 for wa ter in take of 100,000 m3/d and dis charge of
110,000 m3/d into the Struga River with the long-term low er ing
of the ground wa ter ta ble to the or di nate of 152.6 m above sea
level. Both com pa nies are re quired to re port their dis charges in
ac cor dance with the Wa ter Law.

The Tarnów Opolski mine has in creased ground wa ter ex -
trac tion ten fold over the course of 40 years. Ini tially, from 1978,
it dis charged mine wa ter at 8,000 m3/d. How ever, since the
1980s there has been a con tin u ous in crease from a value of
30,000 m3/d (1989) to a value of more than 60,000 m3/d in the
1990s. In 2000–2022, daily av er ages of 59,000–81,000 m3/d
were re ported. The max i mum vol umes were re corded in 2010
and 2011 – 81,131 and 81,671 m3/d, re spec tively (Fig. 24).

In the 21st cen tury, the Strzelce Opolskie mine dis charged
an av er age of 25,106 m3/d of wa ter, which is two to three times
less than that from Tarnów Opolski. Based on avail able pub -
lished data, ground wa ter ex ploi ta tion in the Strzelce Opolskie
mine in 1998 was within a sim i lar or slightly lower range and
amounted to 14,000 to 24,000 m3/d (Gnyra, 1998). Twenty
years later in 2008–2016, the av er age value in creased and
amounted to 25,200 m3/d. It var ied from 19,000 to 36, 0000
m3/d (Mar shal’s Of fice an nual ar chive re port) as il lus trated in
Fig ure 25.

In to tal, the two mines dis charged be tween 72,100 m3/d and 
117,000 m3/d of ground wa ter be tween 2010 and 2020.
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Fig. 18. Dis charge changes of the spring in G¹siorowice in 1991–2022

Fig. 19. Av er age air tem per a ture in Opole from 1951 to 2022
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Fig. 20. De vi a tions of an nual av er age val ues from the av er age air tem per a ture be tween 1951–2020 for Opole

Fig.  21. Av er age monthly pre cip i ta tion to tals for Opole and Strzelce Opolskie 1892–1939, and Opole 1950–2022
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Fig. 22. Av er age an nual pre cip i ta tion to tals for the Opole sta tion and de vi a tions from the av er ages in 1951–2022

Fig. 23. An nual pre cip i ta tion to tals from 1951–2022, Strzelce Opolskie



DISCUSSION

The no tice able in crease in air tem per a ture and changes in
pre cip i ta tion in the pe riod re searched of the last 70 years in the
Opole re gion is not so clearly shown in the higher-lo cated
catch ment ar eas of the springs in the re gion of Strzelce
Opolskie and St. Anna’s Moun tain. The cyclicity of changes in
pre cip i ta tion dis tri bu tions and es pe cially the so-called “wet
years” have a de ci sive im pact on ground wa ter re sources and
the springs’ dis charge rate. Ob ser va tions from the be gin ning of
the last cen tury and those of Assmann (1929), found a pe ri odic
de crease in the dis charge rate of springs in Ro¿ni¹tów and
Sucha, but their dis ap pear ance was not noted. This is a typ i cal
fea ture of karst springs, ob served long be fore the pe riod of
anthropogenic global warm ing. The high vari abil ity of this type
of spring is shown in many pa pers in clud ing Jokiel (1994),
Ciê¿kowski et al. (2009), Kresic and Stefanovic (2010) and
Fiorillo et al. (2021). Since the 1980s, with the in crease in mine
drain age, these springs have shown long pe ri ods of no out flow
or sig nif i cant de creases in dis charge rates.

Ex tremely high out flow dis charge rates were re corded in the 
Sucha in the very wet 1981, when the de vi a tion from nor mal
pre cip i ta tion was +250 mm. The dis ap pear ance of the out flow
in the years ana lysed took place in Oc to ber 1982, which is 13

months af ter the ex tremely high pre cip i ta tion. Two months later, 
dis ap pear ance was re corded in Ro¿ni¹tów. Dis turb ing phe -
nom ena of out flow dis ap pear ance oc curred fre quently for these 
springs in fol low ing years, 1989 and 1994. Fre quent out flow de -
fi cien cies were also found over the last twenty years in 2018,
2019 and 2021. Cal cu la tion of the av er age dis charge rates of
these two springs shows a clear de cline, as does the range of
dis charge. A com par i son of av er age val ues from the 1980s and 
the 2020s sug gests a sig nif i cant re duc tion by up to 5 times in
the case of the Sucha spring (see Ta ble 1). Are such large re -
duc tions in dis charge rate and out flow de clines a con se quence
of cli mate change? A slight in crease of 1.4°C in air tem per a ture
does not cause sig nif i cant changes in ground wa ter re sources,
as evap o ra tion is neg li gi ble due to the great depth to the wa ter
ta ble, e.g., Tarka et al. (2017). It is true that there is a de crease
in pre cip i ta tion of ~5–6% in the last 30 years, but this does not
ex plain such ma jor changes. The search for an ex pla na tion of
the changes in di cates an other im por tant com po nent of the
area’s wa ter bal ance, i.e., ground wa ter ex ploi ta tion. Study of
the re ces sion pe riod and value of re ces sion co ef fi cient are il lus -
trated in Ta ble 2.

Forty years ago, a low value of re ces sion co ef fi cient
(0.001–0.006) has been typ i cal for the Sucha and Ro¿ni¹tów
springs. By con trast, in re cent years this value is one or der

12 Stanis³aw Staœko / Geo log i cal Quar terly, 68: 6

Fig. 24. Ground wa ter ex ploi ta tion of the Tarnów Opolski mine 1978–2022

Fig. 25. Ground wa ter ex ploi ta tion of the Strzelce Opolskie mine 2008–2022
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higher and as a re sult a low vol ume of wa ter is reg is tered, dur -
ing briefer spring ac tiv ity. The re tar da tion time re duced from
104–154 days to 64–75 days. No sig nif i cant changes have
been ob served in the case of the Odrow¹¿ and B³otnica
Strzelecka springs.

There has been an al most 4-fold in crease in ground wa ter
pump ing by opencast mines since 1994. This sig nif i cantly af -
fects ground wa ter re sources and the ground wa ter ta ble in the
catch ment ar eas of springs. Dur ing pe ri ods of low frac ture-karst 
fill ing, i.e. in dry years, sig nif i cant wa ter loss con trib utes to
long-term wa ter short ages in the springs of Ro¿ni¹tów and
Sucha.

High rain fall in 2009 (876 mm) and 2010 (955 mm), higher
by 170–255 mm than the av er age, caused sig nif i cantly higher
in flows to the Strzelce Opolskie mine, be com ing ap par ent af ter
one year and no tice able in 2010 and 2011 (28,000–36,000
m3/d). Sim i larly, at the Tarnów Opolski mine, in flows were found 
to be 33% higher in 2010 and 2011 (comp. Figs. 22, 24 and 25).  
We do not have mea sure ments of the springs’ dis charge rates
from these years, but it can be ex pected that they were marked
by out flows. In turn, in 2011–2019, which were “dry” years,
when pre cip i ta tion was on av er age 60 mm lower than the av er -
age, lower in flows to the mines and a sig nif i cant low er ing of the
wa ter ta ble by 4.95–5.5 m were re corded (Kleœta, 2023). Ana -
lys ing monthly pump ing val ues, a de lay of 6–9 months of max i -
mum in flows in re la tion to an oma lously high pre cip i ta tion was
found.

The prob lem of the im pact of min ing on sur face wa ters and
springs was al ready sig naled in the 1980s (e.g., Raczmañski et
al., 1984; Zaleska et al., 2006). It was stated, for ex am ple, that
the high in take of ground wa ter from four mines (Tarnów
Opolski, Strzelce Opolskie, Góra¿d¿e and Izbicko) re duced
nat u ral flows three-fold in the Sucha River and two-fold in the
Chrz¹stawa River, as well as in flu enced the dis ap pear ance of
out flows in Ro¿ni¹tów and Sucha in 1980–1989 (Nowacki,
1989). In the 1990s, the to tal ground wa ter ex trac tion from 15 in -
takes for sup ply ing ur ban and ru ral ag glom er a tions in the mu -
nic i pal i ties of Tarnów Opolski and Strzelce Opolskie was
8,000–10,000 m3/d (Zielinski, 1992). How ever, the dewatering
of the two mines in 1987-1992 was al most eight times higher
and amounted to 85,000 m3/d (Podedworna-Piesiak, 1992).

Since 1995, an ad di tional ground wa ter in take for the city of
Opole has been in cluded in the ex trac tion. It is lo cated north of
the spring ar eas in the Grotowice-Utrata wa ter in take for the city 
of Opole and its pump ing rate is of 25,000 m3/d.

Long-term out flow dis ap pear ances in the Sucha and
Ro¿ni¹tów springs were re corded in 2002–2003, as well as in
2018–2019 and 2021–2022. Short-term out flows ap peared in
Sucha in March 1983, in May 2000 (Duda, 2007) and in April
2021 for two months. Sim i larly, in Ro¿ni¹tów the out flow of wa -
ter lasted briefly from April to July 2021. Re cent checks in
March and May 2023 doc u mented the ap pear ance of out flows
in the Sucha and Ro¿ni¹tów springs, which can be linked to a
sig nif i cant in crease in pre cip i ta tion of as much as 30% in re la -
tion to the an nual av er ages in 2020–2022, es pe cially in the au -
tumn months of 2022. The other two sources in Odrow¹¿
showed vari able dis charge rates in the range of 115–30 l/s. The 
sources in B³otnica Strzelecka show much lower dis charge
rates of 4.7–23.4 l/s com pared to those found in the past. The
springs re searched in Porêba and G¹siorowice over shorter pe -
ri ods show typ i cal fluc tu a tions in dis charge rates (Ta ble 1).

There fore, the dis ap pear ance of out flow in re cent years is
the re sult of two fac tors: cli mate change and mine dewatering.
The aqui fer sys tem shows de creased nat u ral out flows in
springs in con di tions of wa ter scar city, as in di cated by Custodio
(2002), among oth ers. Faster ground wa ter ex change is ac com -
pa nied by dras tic changes in chem i cal com po si tion. In re la tion
to pre vi ous stud ies (¯urek, 1991; Kryza and Kryza, 2000; Kryza 
and Staœko, 2000; Rak et al., 2005; Staœko et al., 2022), the fact 
that there has been a sig nif i cant in crease in to tal min er al iza tion, 
sul phate and ni trate in the ground wa ter of these springs is wor -
ri some. There has been a nearly 4-fold in crease in, for ex am -
ple, NO3 con cen tra tions from val ues of 10–15 mg/l in
1980–1990 to 40–60 mg/l in re cent years (Staœko et al., 2022).

The dis pos able re sources of the Main Ground wa ter Res er -
voir No. 333 in both the Roetian and Muschelkalk aqui fers
amounted to 106,400 m3/d (Miko³ajków and Sadurski, 2017),
in clud ing 74,791 m3/d in the mu nic i pal i ties of Tarnow Opolski
and Strzelce Opolskie (£odej, 1989). The to tal of is sued wa -
ter-le gal per mits for max i mum wa ter pump ing for the two dis -
cussed mines and in takes for wa ter sup ply net works sig nif i -
cantly ex ceeds the avail able re sources. In to tal, it reaches over
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Spring Re ces sion 
pe riod 

a – recession
co ef fi cient 

V – water 
vol ume [m3]

R – spring’s 
vari abil ity

Sucha 

1981–1983

104 days
0.0061 2 804,459 265

2020–2022

65 days
0.056 74,365 126

Ro¿ni¹tów 

1981–1983

154 days
0.00163 983,949 20.4

2020–2022

75 days
0.063 318,171 116

Odrow¹¿

1981–1983

84 days
0.00705 1 839,741 2.2

2020–2022

62 days
0.0085 1 168,941 1.9

B³otnica
Strzelecka 

1981–1983

86 days
0.008 436,747 2.1

2020–2022

65 days
0.003 249,543 9.5

T a  b l e  2

Com par i son of main re ces sion pa ram e ters for se lected springs

https://doi.org/10.1007/s10040-002-0188-6
https://doi.org/10.1007/s002540050018
https://doi.org/10.1007/s002540050018
https://doi.org/10.7306/2022.34
https://doi.org/10.7306/2022.34


210,000 m3/d. In these con di tions, there is a trans for ma tion of
the nat u ral hy dro dy namic sys tem and a de par ture from sus tain -
able use of the en vi ron ment. With pro jected cli mate change,
this will lead to a de cline in flows in the river net work and ex ac -
er bate neg a tive changes in wa ter qual ity.

Three facts sup port the state ment about the de clin ing trend
in the dis charge rate of springs and changes in their na ture.
First, in 1900–1920, the con stant char ac ter of the out flow in
Ro¿ni¹tów  was de scribed, as re ported by Assmann (1929). In
the 1980s, de tailed stud ies had al ready shown the pe ri odic na -
ture of the springs in Ro¿ni¹tów and Sucha, and their
short-term dis ap pear ances (Staœko, 1992). High wa ter lev els in 
the res er voir rocks caused sig nif i cant out flows cor re spond ing
to the pis ton flow model of older stored wa ters, fol lowed by pe ri -
ods with out wa ter out flows. The lat est re search from
2018–2022 doc u mented long pe ri ods of no wa ter in the spring
and only rare brief out flows of low dis charge rates.  Over the last 
hun dred years, the per ma nent spring of Ro¿ni¹tów and Sucha
has turned into a pe ri odic spring.

The vari abil ity of the springs’ dis charge rates was also ex -
am ined by Jokiel (1994), Chelmicki et al. (2011), Bartnik and
Moniewski (2018). The phe nom e non of dry ing up or a sig nif i -
cant de crease in the dis charge rate of springs has also been
noted in the Odra and Warta wa ter shed area, for ex am ple, in
Zabor (Ordonówki spring), in Z³oty Potok (Ostrê¿nik spring) or
in Zdowo (Spring from un der the rock).  The wa ters here flow
out of the car bon ate Ju ras sic rocks,  ac cord ing to Baœcik and
Okoñ (2022).  Sim i larly, in the ar eas of the Kraków-Wieluñ Up -
land and Miechowska Up land, a dis ap pear ance of 20–28% of
the pop u la tion of 246 springs stud ied was found in 2011. The
springs were re corded in the 1980s and their dis charged rates
de creased by ~30% (Siwek and Baœcik, 2013). By con trast to
the Carpathian Catch ments in Po land and Slovakia where no
trends in the an nual baseflow to tal were de ter mined for most of
the catch ments ex am ined dur ing 1970–2019 (Siwek and
Pociask-Karteczka, 2017) and in the Sudetes (Staœko and
Buczyñski, 2018), here in the Opole re gion a de creas ing trend
in spring dis charge is clearly vis i ble. It is coun ter to dis cus sion
on cli mate change and ground wa ter re charge as re ported on
the Brit ish  main land (Hughes, 2023) but sim i lar cli mate and hy -
drol ogy has been ob served in Greece (Koutsoyiannis et al.,
2023).

SUMMARY

Low dis charge rates or fre quent dis ap pear ances of out flows 
in springs drain ing the Tri as sic rocks of the Opole re gion have
been ob served in re cent years. The ob served in crease in av er -
age air tem per a ture and changes in pre cip i ta tion in 2000–2020
have lit tle ef fect on the wa ter re sources flow ing from the springs 
de scribed. Vari able karst springs in Ro¿ni¹tów and Sucha in the 
early years of the 20th cen tury be came pe ri odic springs in the
1980s. Cur rently, the springs in Sucha and Ro¿ni¹tów show
much re duced out flows com pared to the 1980s. Their out flows
ap pear oc ca sion ally with sig nif i cant in creases in pre cip i ta tion
higher by 60–200 mm than monthly av er ages. There are also
alarm ing de clines of dis charge rates at springs in Odrow¹¿,
Porêba, B³otnica Strzelecka and G¹siorowice. Changes in
ground wa ter re sources re sult from pre cip i ta tion re charge, ris ing 
air tem per a tures and the way wa ter re sources are man aged.
The qua dru pling of ground wa ter ex trac tion in mines sig nif i -
cantly af fects wa ter re sources and the river net work. Sig nif i cant
mine dewatering and high ground wa ter ex trac tion cause neg a -
tive changes to pre vi ously good qual ity ground wa ter. Thus, the
ob served cyclicity of cli ma tic phe nom ena, the up ward trend in
air tem per a ture and changes in pre cip i ta tion, to gether with the
in creas ing trend in ground wa ter ex trac tion, has a sig nif i cant im -
pact on the de cline in dis charge rate and dis ap pear ance of
springs. The to tal num ber of is sued wa ter-le gal per mits for the
Strzelce Opolskie and Tarnów Opolski mines and ex ploi ta tion
for mu nic i pal pur poses al ready ex ceeds the dis pos able re -
sources for the re gion. Un der con di tions of pre dicted cli mate
change and dry years, this could lead to lower flows in the river
net work and fur ther de te ri o ra tion of wa ter qual ity.

For the pres er va tion of sources, biodiversity, and pro tec tion
of wa ter re sources, it is nec es sary to in clude these sources in
the ground wa ter mon i tor ing net work of the re gion.
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