
Introduction

One effect of underground mining exploitation is the
formation of many pits, including adits, that have varying
characteristics. According to [1], an adit is a horizontal tun-
nel with a slope ranging from 1 to 5% toward a vent that ter-
minates above the surface of the ground. Adits can have dif-
ferent functions. They are used most frequently for the
gravitational drainage of pits and they are also water
grooves. Such objects are only built in areas with a diversi-
fied land relief where all mining works are performed
above the level of the adit. Water grooves usually have a
discharge canal that transports the waters to the closest
water course. There are many examples of such objects [2].
In Upper Silesia, the largest number of these objects is asso-
ciated with the mining of silver and lead ores. There are
also several adits that are associated with coal mining.

Many water grooves still function as drainage elements
of a formation today despite the cessation of mining activi-

ties. The outflow of waters is possible due to gravity. There
is an enormous body of literature that reports the presence
of these objects, including [2-6].

In the present study two old adits that were associated
with coal mines are characterized in terms of their hydro-
graphic-hydrochemical characteristics. They are old adits
“Krystyna” and “318,” which are situated in the Upper
Silesian Industrial Region (Fig. 1). The coal that was
exploited was in Upper Carbon layers. Additionally, the
physical-chemical properties of two springs that drained the
water-bearing Carbon layer were analyzed. These objects
served as reference sites for the adits that were studied. The
characteristics of the physical-chemical properties of the
spring waters have been the subject of many studies [7-10].

Location of Investigated Objects

The Krystyna adit is located in Gwóźdź near
Krzeszowice (Fig. 2). The beginning of this groove was sit-
uated in the shaft of the same name at a depth of 43 m
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below the surface, i.e., 260 m a.s.l. (Fig. 3). It is almost two
kilometers long and its outlet was finished with a tunnel
vault made of bricks. At present, it is buried under a rocky
rubble of limes. Concrete tubes, which in the past trans-
ported waters directly to the Krzeszówka River, were used
to transport the waters from the coal mine outside [6]. Over
time they were destroyed and the waters that flowed
through the adit infiltrated the alluvium of the Krzeszówka
supplying Quaternary water-bearing level. Only a small
amount of coal mine waters is transported by the new
sewage system that was constructed in 2008. The outflow

of the waters is described by the geographic coordinates
(50º7’ 35.64’’ N; 19º38’ 36.31’’ E). The amount of these
waters is small and varies between 0.1 to 0.5 dm3⋅s-1 [2].
However, there are periods when there is no water outflow
(autumn, winter). The periodicity of the outflow may be
linked to the partial drainage of coal mine waters by the
new sewers.

Adit “318” is located in the area of the “Murcki” coal
mine (Fig. 4) (50º10’ 41.65’’ N; 19º1’ 16.35’’ E). The histo-
ry of building adits in this area dates back to 1808. The
focal groove was probably built in 1824, and in 1930 a par-
tial reconstruction took place. Nowadays, the adit has a
concrete cover along nearly its entire length and at sites
where it crosses excavation tunnels, the cover is made of
concrete and steel. The length is estimated to be 1,643
meters. The entry of the groove is at a depth of 264.67 m
a.s.l. and the exit is at 262.8 m a.s.l. Thus, the difference in
the levels amounts to 1.87 m (1.2%). The adit ditches unex-
ploited the excavation of level 318. The exit of the adit is a
short 10 m channel that flows into Rów Murckowski River.
Its efficiency ranges from 2.1 to 3.6 dm3·s-1 [2]. Mine waters
affect changes in the water chemistry of the Rów
Murckowski River. Their discharge increases the concen-
tration of sulphates and iron in the watercourse. Both the
“Krystyna” and “318” adits are the local basis for the
drainage of old mining excavations. The maximum depth
of the cut of the formation in the “Krystyna” adit is 55 m
under the surface and it is 45 m in the case of “318.”

Three natural objects, which are also situated in the
Upper Silesian Industrial Region (Fig. 1), were selected as
the reference objects. It was assumed that these springs
must ditch the carbon water-bearing level. Only Maria
Spring in Katowice (50º11’ 18.11’’ N; 18º59’ 48.04’’ E)
Mniszek Spring in Łaziska (50º8’ 4.47’’ N; 18º51’ 55.97’’
E), and Pradło in Psary (50º22’ 45.87’’ N; 19º7’ 7.26’’E)
met the criteria.

Methods

Hydrographic mapping that was designed to estimate
the water courses in the area of the adits were carried out
according to methods by [11]. The measurements of the
chosen parameters of the adits and the establishment of
their courses were made based on archived cartographic
materials (old mining maps). Measurements of pH, temper-
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Fig. 1. Location of the investigated objects. A – territory of the
Upper Silesian Industrial Region, B – objects: 1. adit 318, 2 –
adit Krystyna, 3 – Maria Spring, 4 – Mniszek Spring; 5 – Pradło
Spring, C – border of state.

Fig. 2. Location of the adit Krystyna.
1. town, 2. former coal mines, 3. former shafts, 4. water adits

Fig. 3. Horizontal section of the adit Krystyna (according to Bednorz 1959, modified).
1. limestones (Upper Jura), 2. coal seam, 3. border of the occurrence of Quaternary deposits, 4. shafts, 5. downcast.



ature, redox potential and electric conductivity (PEW) were
made in the field using a Multiline PR gauge or
Professional Plus. Twenty-four measurement series were
performed for each of the sites in 2004 to 2009. Two series
of measurements were conducted in each calendar month.
The number of measurements performed on the synthetic
box plots was the same (n = 24).

Water samples for chemical analyses were sampled in
bottles. Transport of waters to the laboratory took place at
4ºC. Before the analyses, the samples were filtered (0.45
µm Millipore). The lab analyses included the determination
of main cations and anions in water: Ca2+, Mg2+, Na+, K+,
Cl¯, SO4

2-, HCO3̄, NO3̄, PO4
2-, and NH4

+. The chemical analy-
ses of waters were performed according to Polish Standards
(PN 1971-2002). The hydrochemical type of the waters was
described after [12].

The data that were obtained were subjected to statistical
analyses based on [13, 14]. In order to determine any sig-
nificant differences between the objects, the non-paramet-
ric ANOVA Kruskal-Wallis test was applied and for a pair-
wise comparison, the Conover test was used. In order to test
the relationship between natural objects (springs) and
anthropogenic objects (adits), the Spearman rank correla-
tion test was used for the data gathered at the same time.
Adit 318 and Maria Spring were chosen for the correlation
test. This choice was determined by the smallest distance
between the objects – 2 km. This is important because the
physical-chemical properties of the waters are mainly
dependent on climate-meteorological factors [15]. The dif-
ferent lower case letters above a box and whisker plots in
the figures mean that the medians differ significantly at
p<0.05.

Results and Discussion

The most characteristic feature of the waters of adit
“318” is low pH (Fig. 5). The source of acid substances is
the process of the oxygenation of pyrite. This mineral
decreases according to chemical reaction [16] in the pres-
ence of oxygen and water:

FeS2 + 3.5 O2 H2O → Fe2+ + 2 SO4
2- + 2H+ (1)

If water is not present with pyrite, then dissolved iron
(VI) sulphate (II) undergoes oxygenation (2) and the newly
formed sulphate (VI) iron (III) is hydrolyzed and iron (III)
oxide-hydroxide (3)

Fe2+ + ¼ O2 + H+ → Fe3+ + ½ H2O (2)

Fe3+ 3H2O → Fe (OH3)↓ + 3H+ (3)

Thus, the adit that was studied is an example of the
“acid drainage of a coal mine” (Fig. 6). This phenomenon
has been described in many mining areas [17-20]. The for-
mation of sulphuric acid under the conditions of a lack of
calcium carbonates is not buffered and the waters show
high aggressivity. 
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Fig. 4. Location of adit 318.
1. urbanized area, 2. colliery waste tips, 3. permanent water
courses, 4. ephemeral water courses, 5. water bodies.

Fig. 5. Reaction pH of the adits and the springs. 
1. adit 318, 2. adit Krystyna, 3. Maria Spring, 4. Mniszek
Spring, 5. Pradło Spring.

Fig. 6. Inflow of mining waters from the adit No 318 to
Murckowski Ditch (phot. T. Molenda)
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The waters of the “Krystyna” adit, which also drains old
coal mine excavations, are characterized by a slightly acid
range (Fig. 5). This situation is both an effect of the buffer-
ing impact of the carbonate rocks themselves, in which the
last section of the adit is cored (Fig. 3), and the inflow of
alkaline waters from the drainage of this fragment of the
massif [2]. The processes in the final section of the adit can
be described by the following reactions:

H2SO4 + CaCO3 → CaSO4 + H2O + CO2 (4)

CaCO3 + 2H+ → Ca2+ + CO2 + H2O (5)

The signals of an active reaction are precipitated calci-
um sulphates, which was confirmed by x-ray analyses of
the deposits that were sampled from the adit [2]. In the case
of Maria Spring, the median of pH was 5.6 but minimum

value was 4.7 pH. Moreover, another spring in the Upper
Silesia Region that flows from the Carbon reservoir is char-
acterized by acid waters [21]. The reactions of both the
adits and natural springs showed a low variability – Cv<
8%. 

Acid coal mine waters are typified by a high concen-
tration of sulphates. This was particularly visible in the
waters of adit 318, where the content of these ions was 682
mg·dm-3 (Fig. 7). A surprisingly low content of sulphates
was found in the waters of the Krystyna adit. The mean
concentration of this ion was estimated at 97 mg·dm-3,
which is comparable to the concentration in the natural
springs (Fig. 7). A low concentration of sulphates, in spite
of the occurrence of the reaction of the decay of pyrites,
should be attributed to their removal during the above-men-
tioned reaction (4). This reaction does not occur in the case
of adits that were cored only in Carbon rocks, and therefore
sulphates are more abundant [2]. The value of cv for sul-
phates varied from 9% (Krystyna) to 30% (Mniszek
Spring).

The process of the decay of pyrites also releases high
amounts of iron ions into water (1), which then undergoes
oxygenation (2). Therefore, the waters of the adits are char-
acterized by an orange color. This is partially an effect of
the presence of suspension in the shape of fillies of iron
hydroxides. A much lower concentration of iron was
observed in the waters of the springs; however, there were
no significant differences (Fig. 8). Among the ions that
were analyzed, the content of iron undergoes the biggest
changes. In the Maria and Mniszek springs the coefficient
of variation exceeded 100%. One of the ions that was ana-
lyzed was chloride. The biggest concentration of this ion
was recorded in the adit 318 waters and was 60.5 mg·dm-3

(Fig. 9). 
The lowest concentration of this anion – 9 mg·dm-3 –

was reported in the waters of the Krystyna adit. Both the

396 Molenda T.

Fig. 8. Concentrations of iron in the adits and springs.
1. adit 318, 2. adit Krystyna, 3. Maria Spring, 4. Mniszek
Spring, 5. Pradło Spring.

Fig. 9. Concentrations of chloride ion in waters of the adits and
springs.
1. adit 318, 2. adit Krystyna, 3. Maria Spring, 4. Mniszek
Spring, 5. Pradło Spring.

Fig. 7. Sulphate concentrations of the adits and springs.
1. adit 318, 2. adit Krystyna, 3. Maria Spring, 4. Mniszek
Spring, 5. Pradło Spring.



content of chlorides in the waters of the Krystyna adit and
adit 318 differed significantly from the content of chlorides
in the waters of the carbon springs (Fig. 9). The coefficient
of variation for chlorides varied between 10.6% (adit 318)
and 42.5% (Mniszek spring). Such a high variation of chlo-
ride ions in Mniszek Spring may be the result of the inflow
of pollution together with infiltration waters. The area
around the supply spring is highly urbanized. In this case,
one anthropogenic source of chlorides could be the salt that
is used for thawing the road surface. The negative influence
of winter treatments for the removal of ice from roads on
the quality of waters was mentioned by [22, 23].

The diversified concentration of the dominating ions is
reflected in the hydro-chemical parameters of the waters
that were studied. The waters of adit 318 and all of the

Carbon springs that were studied represent a sulphate-cal-
cium type (SO4-Ca). Only the waters from the Krystyna
adit represent a bicarbonate-calcium type (HCO3-Ca). This
is connected with the geological structure of the final sec-
tion of the adit. The drainage of this limestone fragment of
the adit provides waters with bicarbonate ions, which deter-
mines this hydrochemical type of water.

High concentrations of particular ions have an impact
on the electrical conductivity of the waters of the adit (Fig.
10). The highest mean value of electrical conductivity was
observed in the adit 318 waters. A much lower mean con-
ductivity was recorded in the waters of the Krystyna adit
and was 741 µS·cm-1. However, this was significantly high-
er than the waters of the natural carbon springs (Fig. 10).
The value of the coefficient of variation of the waters of the
adits did not exceed 10%. Such values have also been
reported in natural springs [24]. This coefficient was esti-
mated at 21% only in the case of the Mniszek spring. Such
a high variability is the result of human impact. The area
around the spring supply is also strongly urbanized. A high-
er variation of electrical conductivity also is found in other
urban-industrialized areas [23].

Among the physical properties, the high thermal stabil-
ity of adit 318 is worth mentioning (Fig. 11). This high sta-
bility is determined by the specific atmosphere of the
underground excavations. Both within natural caves and the
post-coal mine excavations, changes in air temperature,
especially in the deepest parts, are relatively low [25, 26].
Thus, waters flowing from underground pits are character-
ized by a low variation in temperature. Nevertheless, the
highest variability in temperature was noted in the
“Krystyna” adit, which contradicts this statement. Such
high variations in temperature are caused by the release of
waters through the tubes of a drainage system that is situat-
ed at a great depth and that are under the influence of mete-
orological conditions. There were no significant differences
in temperature between the waters of the adits and the
springs. The only exception was the Mniszek, for which the
mean temperature of the waters was higher than in the
remaining inflows (Fig. 11).

The positive and significant values of the correlation
coefficients were calculated for all of the variables that
were studied (Table 1). This indicates that the high concen-
tration of ions in the Maria spring corresponds with the high
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Fig. 10. Electric conductivity of adit and spring water.
1. adit 318, 2. adit Krystyna, 3. Maria Spring, 4. Mniszek
Spring, 5. Pradło Spring.

Fig. 11. Water temperatures in the adits and springs.
1. adit 318, 2. adit Krystyna, 3. Maria Spring, 4. Mniszek
Spring, 5. Pradło Spring.

Table 1. The values of Spearman ran correlation (rs) test
between selected properties of waters in 318 and Maria Spring
(p<0.05).

Variable rs

Electrical conductivity 0.76

Temperature 0.73

Chlorides 0.78

Sulphates 0.73

pH - 0.58



concentration in the adit. Therefore, changes in the concen-
tration of ions in the focal objects are synchronized. The
same situation is observed in the physical properties such as
temperature and electrical conductivity, which was revealed
by a high correlation rs > 0.7. The high synchronicity of
temperature changes proves a similar response to changes
of weather of these anthropogenic objects as the natural
ones. There was a medium negative correlation (rs = -0.58)
only for pH. A lower pH of the waters in Maria spring was
noted than in the adit. An explanation of this phenomenon
could be as follows: a low water reaction is associated with
the intense inflow of thaw and precipitation waters. These
are acid waters, especially thaw waters, from which the
load of the acid substances that are collected during the
winter is released. The increase of the inflow of waters into
the adit partially sinks the excavations and limits the reac-
tion of the decay of pyrites, which are the source of acid
substances. When acid drainage occurs, the amount of
buffering substances is enough for the neutralization of acid
infiltration waters and this results in an increase in the pH
of the waters in the adits.

Conclusions

The obtained data indicate that:
• acid drainage phenomenon occur in old coal mine exca-

vations 
• the waters of the adits are characterized by a different

hydrochemical type determined by the distinct geologi-
cal structure of the adit

• the waters of adit 318 and the springs that were studied
represent the same hydrochemical type SO4-Ca

• the concentrations of sulphates and iron in the waters of
adit 318 are higher than in the waters of the Carbon
spring, which should be attributed to oxygen inflow and
the phenomenon of acid drainage

• adit 318 is typified by the lowest changes in tempera-
ture; this inflow can be treated as thermally stable

• changes in ions Cl¯ and SO4
2- as well as temperature and

electrical conductivity in the waters of adit 318 and
Maria Spring show high synchronicity. 

References

1. SZTELAK J. Mining hydrogeology and ways of control of
water threats in underground mines. Wydawnictwo
Politechniki Śląskiej. Gliwice, 500, 1998 [In Polish].

2. MOLENDA T. Natural and anthropogenic conditions of
physical and chemical water changes in post – mining aquat-
ic areas of Upper Silesian region and its neighbouring area.
Wydawnictwo Uniwersytetu Śląskiego, Katowice, 134,
2011 [In Polish].

3. CIĘŻKOWSKI W. About the revelance of the unknown adit
in Konradów (Śnieżnik Masiff, Sudety Moutains) Turing the
flood in 1997.  Pr. Nauk. Inst. Górn. Polit. Wrocław., 111, 23,
2005 [In Polish].

4. LIBER E. Changes of the preservation state of mining
objects in Zagórze Śląskie region – in a neighborhood of

unexisting village Schlesierthale. Pr. Nauk. Inst. Górn. Polit.
Wrocław., 111, 155, 2005 [In Polish].

5. ŻEGLICKI J. Water management in mining industry of
Tarnowskie Góry in historical aspect. Materiały II konfer-
encji Ekologicznej Regionu Tarnogórskiego. Tarnowskie
Góry, pp. 73-81, 2000 [In Polish].

6. PŁOŃCZYŃSKI J., BORATYN J. History of mining indus-
try in the vicinity of Tenczynek and Rudno near
Krzeszowice – 100 years after adit Krystyna opening, Prz.
Geol. 7, 586, 1998 [In Polish].

7. DAGHRAH G. Water quality study of Al-Qilt springs –West
Bank –Palestine. Asian J. Earth Sci., 2, 28, 2009.

8. GHANEM M., GHANNAM S. Spring Water
Hydrochemistry along the North-South Profile in the Jordan
Valley. Asian J. Earth Sci., 3, 122, 2010.

9. CHMIEL S., MACIEJEWSKA E., MICHALCZYK Z.
Hydrochemical characteristics of spring snowmelt  flood in
the Upper Wieprz River Basin (Roztocze region) in year
2006. J. Water Land Dev. 13b, 57, 2009.

10. KUBTA M., STROJ A., BRKIC Z. Hydrodynamic charac-
teristics of Mt. Biokovo foothill springs in Croatia. Geologia
Croatica 65, (1), 41, 2012.

11. GUTRY-KORYCKA M., WERNER- WIĘCKOWSKA H.
(Ed.) Guide for the hydrographical field research.
Państwowe Wydawnictwo Naukowe, Warszawa, 1996 [In
Polish].

12. MACIOSZCZYK A. Hydrogeochemistry. Wydawnictwa
Geologiczne: Warszawa, pp. 475, 1987 [In Polish].

13. RUNGE J. Research methods in social-economic geography
– elements of the methodology, the selected research tools,
Wydawnictwo Uniwersytetu Śląskiego, Katowice, pp. 700,
2006 [In Polish].

14. GRIFFITHS D. Head First Statistics. Helion S.A.: Gliwice,
712, 2010 [In Polish].

15. ALLAN J.D. Stream Ecology. Structure and Function of
Running Waters, Wydawnictwo Naukowe PWN, Warszawa,
450, 1998 [In Polish].

16. MIGASZEWSKI Z.M., GAŁUSZKA E. Basics of environ-
ment al geochemistry, Wydawnictwa Naukowo-Techniczne,
Warszawa, 574, 2007 [In Polish].

17. FERREIRA S. E., BOBOS I., MATOS J.X., PATINHA C.,
REIS A.P., CARDOSO E. Mineralogy and geochemistry
of trace metals and REE in volcanic massive sulfide host
rock, stream sediments, stream waters and acid mine
drainage from the Lousal mine area. Appl. Geochem. 24,
383, 2009.

18. PEREZ-LOPEZ R., DELGADO J., NIETO J.M., MAR-
QUEZ-GARCIA B. Rare earth element geochemistry of
sulphide weathering in the Sao Domingos mine area (Iberian
Pyrite Belt): A proxy for fluid –rock interaction and ancient
mining pollution. Chem. Geol. 276, 29, 2010.

19. MICHALKOVA E., SCHWARZ M., PULISOVA P., MASA
B., SUDOVSKY P. Metals Recovery from Acid Mine
Drainage and Possibilities for their Utilization. Pol. J.
Environ. Stud. 22, (4), 1111, 2013.

20. RICHTER P., PECHAROVA E. Effects of Mining Activities
on River Water Quality. Pol. J. Environ. Stud. 22, (4), 1269,
2013.

21. MATYSIK  M., MOLENDA T. Preliminary hydrographic
and hydrochemical characteristics of selected springs in
Katowice, [In:] Górnośląsko-Ostrawski Region
Przemysłowy. Wybrane problemy ochrony i kształtowania
środowiska. UŚ, Sosnowiec, pp. 141-146, 1999 [In Polish].

22. SMOLAREK W. Hydrological characteristics of karst
spring in Strzemieszyce Wielkie in the Silesian Upland and

398 Molenda T.



a proposal to protect its water [In:] Źródła Polski – wybrane
problemy krenologiczne, Wydawnictwo Uniwersytetu
Łódzkiego, Łódź, pp. 312-319, 2007 [In Polish].

23. JEKATIERYNCZUK- RUDCZYK E. Natural water quality
characteristics of groundwater outflows in Białystok. [w:]
Jokiel P., Koniewski P., Ziułkiewicz M., (Ed.), Źródła
Polski. Wybrane problemy krenologiczne. Wydział Nauk
Geograficznych Uniwersytetu Łódzkiego, Łódź, pp. 234-
241, 2007 [In Polish].

24. SIWEK J. Springs in the Prądnik, Dłubnia and Szreniawa
catchments. Natural and anthropogenic factors of water
quality, Uniwersytet Jagielloński, Instytut Geografii i
Gospodarki Przestrzennej. Kraków, 98, 2004 [In Polish].

25. PULINA M. Karst – forms and processes, Katowice,
Wydawnictwo Uniwersytetu Śląskiego, 375, 1999 [In
Polish].

26. KŁYS G. Nature of Tarnowskie Góry underground, Sorex,
Pyrzowice, 109, 2004 [In Polish].

Physical-Chemical Properties of Coal... 399




