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Abstract About 50 million tonnes/year of waste
rock from coal-mining is generated in the limited
area of the thickly populated Upper Silesian Coal
Basin (USCB) in Poland. There are 380 coal-mining
waste dumps, including 76 active dump sites cover-
ing over 2,000 ha. About 15-16 million tonnes/year
of waste rock is being reused for civil engineering
purposes in the same area. This brings about a
problem of ground water deterioration by consti-
tuents leached from waste rock exposed to atmos-
pheric conditions. The major factors determining
the ground water contamination potential from
waste rock are chloride salinity, sulfur content and
acid generation potential. The concept behind the
presented studies was to provide data for correct
evaluation and prediction of contaminant release
from the waste rock, based on the characterization
of coal-mining waste properties, as well as on long-
term laboratory, lysimetric and field studies. The
results show that coal-mining waste dumps can be
a long-term source of ground water contamination,
lasting for decades and increasing with time.
Ground water down-gradient from the disused
15–30-years-old part of the studied dump displays
high and increasing acidification, high TDS, SO4,
and the highest, still increasing concentrations of
Mn, Fe and Zn. Cost-effective and efficient pollu-
tion control measures, similar to the presented de-
sign and construction elements of the dump site,
can mitigate the negative environmental impacts.
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Introduction
Waste rock from hard coal mines is the predominant
group of solid waste lying in dumps and generated an-
nually in Poland. In 1995, 53.7 million tonnes of these
wastes were produced while 712.5 million tonnes were al-
ready stored in dumps. With respect to the total amount
of waste generated and disposed of in Poland it accounts
for 43.7% and 36.2%, respectively (Chief Statistical Office
1996). Almost all production of hard coal-mining waste
(50.2 million tonnes/year) is concentrated in the Upper
Silesian Coal Basin (USCB) in southern Poland, an area
that comprises 1% of Poland (5 600 km2) and includes
7.9% (3.1 million) of its population (Fig.1). The annual
amount of waste rock generated reflects general trends in
the coal market and has been stabilized at the present
level of about 50 million tonnes since 1985. Of this
amount, 36–40% (about 20 million tonnes/year), has been
reused for various purposes since 1990, including back-
filling of mine workings (4–5 million tonnes/year) and in
civil engineering uses (15–16 million tonnes/year) such as
leveling/reclamation of areas impacted by subsidence,
and fill for construction of railway beds, river and pond
embankments etc. In most cases, the mine waste material
used for civil engineering purposes is being exposed to
atmospheric precipitation and air to a similar or even
greater extent than at mine waste dumps.
The distribution of coal-mining dumping sites in the
USCB reflects the location of mines and mine-fields and
is particularly dense in the southwest area of the Rybnik
mining district and in the central part of the USCB (Fig.
2). There are 380 coal-mining waste dumps, including 76
active dumps covering 2166 ha in the Katowice district
(State Inspectorate of the Environment Protection 1995).
Up to the late seventies, the self-ignition of coal-mining
waste dumps was a primary concern, and potential pollu-
tion of ground water was not considered important. As a
result, ground water protection was rarely taken into
consideration when waste rock dumps were sited. Cur-
rently, the pollution potential with respect to ground wa-
ters is of growing concern. This concern is greater where
waste rock reuse for civil engineering purposes causes an
increase in the exposed area of waste rock and a result-
ing intensification of weathering processes and genera-
tion of increased pollutant loads. The amount and nature
of the released contaminants depends on the characteris-
tics of the extracted and disposed waste rock material.
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Fig. 1
Industrial waste disposed at
dumps in the administrative
districts of Poland (Chief
Statistical Office 1996)

Fig. 2
Distribution of coal-mining waste dumps in the Katowice
district (USCB area; State Inspectorate of the Environmental
Protection 1995)
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Fig. 3
Spatial zonality of the total dissolved solids (TDS) in mine
waters 500 m below sea level in the Upper Silesian Coal Basin
(USCB; Różkowski 1995). 1 extension of the USCB; 2 coalfields;
3 hydrogeological regions; 4 sealing horizons of Tertiary clay
sediments; 5 Tertiary salt deposits; 6 isopleths of TDS (g/dm3)

Characteristics of coal-mining
wastes

Waste material is discharged from coal mines in the form
of run-of-mine rock (1–500 mm), usually dry, and from
coal preparation plants as discard from heavy liquid sep-
arators (30–250 mm), jigs (0.5–30 mm) and tailings from
flotation (~1 mm). The environmental impact of these
coal-mining wastes is determined by the characteristics of
the extracted rock material, which can vary significantly,
both horizontally and vertically through the coal-bearing
Carboniferous strata.
The coal-bearing Carboniferous sequence in the USCB in-
corporates the complete Upper Carboniferous section, in-
cluding Namurian (A,B,C), Westphalian (A,B,C,D) and
Stephanian ages (Stopa 1967). In a vertical succession, the
lower marine-brackish shale-sandstone rocks (Namurian
A seams 600-900) grade upward into the upper continen-
tal limnic strata. Overlaying Namurian B,C seams corre-
spond to the Upper Silesian sandstone formation (seams
503-510 and 408-500). Upward Westphalian A,B (seams
328-407/4 and 302-327) belong to the Upper Silesian shale
formation. The upper portion of the mined Westphalian
C,D (seams 208-302, 118-207 and 100-117) represents Cra-
cow sandstone formation.
Freshly wrought waste material consists of argillaceous
and arenaceous rocks in the form of siltstone and mud-
stone with a variable amount of sandstone, depending on
the mined coal seam. Predominant mineralogical compo-
nents of wastes are therefore silicates and aluminosili-
cates, but clay minerals, mainly non-swelling (kaolinite,
illite, chlorite and mixed-book structures of illite/chlorite
type) are also important because of their ion-exchange
capacities. The constituents of concern with respect to
the leaching properties and contamination potential, oc-
cur in the waste rock in the accessory amounts and in-
clude chloride, iron sulfide (pyrite, marcasite FeS2), buf-
fering minerals including calcite (CaCO3), dolomite
[CaMg(CO3)2] and ankerite [Ca(Mg,Fe)(CO3)2]. A number
of heavy metals are present in trace concentrations,
mainly in the form of sulfides, such as sphalerite (ZnS),
galena (PbS), millerite (NiS), covellite (CuS) and chalco-
pyrite and can be released in the process of sulfide oxida-
tion.
Chloride salinity in Carboniferous rocks has been found
to be associated predominantly with pore water and
therefore chloride ions are highly mobile. Chloride salini-
ty varies in a wide range, from 10–3 to 10–1%. It depends
upon chloride concentrations in ambient ground water
and rock porosity, being a consequence of filling the pore
spaces with underground saline waters (Herzig and oth-
ers 1986). In the USCB, these parameters show distinct
spatial and vertical zonality, which facilitates predicting
the chloride salinity of freshly wrought coal-mining waste
rock. Spatially, two hydrogeological regions of a different
mode of ground water recharge are developed, depending
on the distribution of a sealing horizon formed by Tertia-
ry clay sediments that insulate the Carboniferous strata

from the percolation of atmospheric precipitation (Fig.
3). In both hydrogeological regions, three vertical hydro-
chemical zones can be distinguished including (1) infil-
tration, (2) mixed, and (3) connate waters. This regionali-
ty and zonality determines the distribution of under-
ground waters of different chloride salinity and total dis-
solved solids (TDS) ranging from 0.1 to 230 g/dm3 (Pluta
and Zuber 1995; Różkowski 1995). A simple method of
estimating chloride concentration in rocks based on the
data on chloride salinity of mine water and rock porosity
has been presented elsewhere (Herzig and others 1986).
Iron disulfide is the main component that gives rise to
the permanent environmental problems related to the
coal-mining waste disposal. The major sulfur-bearing ma-
terial in the Carboniferous strata is coal. Sulfur contents
in the USCB coals are relatively low. Mean total sulfur
concentration (St) is slightly above 1%, but in two-thirds
of the mined and penetrated seams, the mean St concen-
tration is ~1%. In general, mean sulfur concentrations in
coal seams of the USCB increase spatially from SW to
NE, and are the highest in the Westphalian D seams of
the eastern coalfields of the USCB (Fig. 4). Sulfur in coal
seams of the USCB occurs predominantly in the inor-
ganic form (mainly pyrite FeS2, which contributes about
85–95% St). Sulfur content in the waste material reflects
the relevant concentrations in the mined coal seams, and
also depends upon coal contents in rock and on the coal
preparation process (lesser contents occur in coarse ma-
terial, higher in fine tailings). The maximum mean St

concentrations range from 0.7% in run-of-mine waste, to
3.0% in washery discards, and 5.6% in tailings, the aver-
age mean value is generally around 1% St.
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Fig. 4
Distribution of mean total sulphur concentrations (St) in the
penetrated coal seams in the Upper Silesian Coal Basin (USCB;
Górecki 1985)

Besides the total concentration, the reactivity of pyrite,
that is the kinetics of oxidation/hydrolysis reaction in the
material exposed to atmospheric air and humidity, with
formation of Fe(OH)2, sulfate SO4

2– and acidity (H3Oc

ions), is the controlling parameter which determines the
pollution potential of waste. Complex biochemical reac-
tions describing the process are presented in a more or
less simplified form in numerous publications (Caruccio
1978; Kleinmann and others 1981; Hutchison and Ellison
1992; Shirav and Robol 1993; Jarvis and Braithwaite
1994). Pyritic sulfide oxidation is generally considered to
be a multi-staged process comprising four basic reactions
proceeding either abiotically or by direct bacterial oxida-
tion by T.ferrooxidans. The reaction stages are controlled
by chemical conditions (pH range, sulfate and iron con-
centrations, acidity, Fe3c/Fe2c ratio; Kleinmann and oth-
ers 1981). In coal-mining waste dumps of the USCB, the
process of bacterial pyritic sulfide oxidation has been
found to be highly controlled by the buffering capacity of
the material. In the buffered waste, sulfide oxidation pro-
ceeds mainly abiotically as a one-stage process. In the
low-buffered material, the role of the direct bacterial oxi-
dation increases significantly as pH falls and process pro-
ceeds generally as a two-stage one (Twardowska 1986,
1987).
Pyrite reactivity is defined as a half-period of decomposi-
tion t1/2 (days), while the process of pyrite decomposition
as a function of time can be described as a first-order
reaction:

(Gs)tp(Gs)07ePkt (1)

where:

kp
ln 2
t1/2

(Gs)0-initial concentration of pyritic sulfur Sp in the
fresh-wrought material,

(Gs)t-concentration of pyritic sulfur Sp in a time period t.
It was first shown by Caruccio (1972), that the type of
iron disulfide determining its reactivity, and not the
amount was a critical factor in the production of sulfate
and acidity. This conclusion was also reached by the
studies on the Polish coal seams, though no direct corre-
lation between pyrite structure, texture, mineralogical
mode and the process kinetics was found (Twardowska
and others 1988; Witczak and Postawa 1993).
The pyrite half-period in the USCB coal seams varies
from 29 to 10502 days, with a mean t1/2p588 days and
shows a distinct relation to the seam location in the Car-
boniferous strata; the shortest half-period for the material
from seams 100–200 (Westphalian C,D) and 700–800 (Na-
murian A,B), the longest for material from seams
300–400 (Namurian D; Westphalian A,B) (Twardowska
and others 1988). In general, pyrite decomposition is the
key process determining the capacity of waste rock to
generate acidity, while the buffering properties are attri-
buted to Ca and Mg-carbonates (calcite, dolomite) and
the cation exchange capacity of clay minerals.
Occurrence of carbonates along the stratigraphic column
of the USCB and their forms show considerable diversity.
Mean content of carbonates in run-of-mine waste ranges
from 0.31 to 1.64%, whereas spoil from coal preparation
plants have higher amounts (up to 4.60% in coarser
waste 20-200 mm and up to 11.0% in flotation fines). At
the upper part of the stratigraphic section (Westphalian
C,D), Ca-Mg carbonates are present mainly as a cement
in clastic rocks. In Westphalian A,B and Namurian B,C
strata these minerals most commonly form concretions,
and minor amounts form cement or dispersed grains.
This causes substantial variability of buffering capacity of
waste rock from these seams. The highest carbonate en-
richment is in waste rock from Namurian A seams. Total
ion exchange capacity of the Carboniferous rocks of the
USCB, typically associated with kaolinite, ranges from 29
to 123 eq/Mg. The vulnerability of the rock material of
the USCB to acidification was found to be well defined by
the equivalent ratio of buffering constituents (Gbuf) to py-
ritic sulfur concentration (Gac):

jp
Gbuf

Gac

(2)

If ratio j62.4, system is well buffered, at j^0.6 acidifica-
tion will occur, at 2.41j10.6, the system is unstable
(Twardowska 1989)
Permeability of the material to air and water is another
critical factor with respect to the pollution potential to
ground water. The permeability to water of the freshly
generated material in the compacted state is generally
high and ranges from 10–4 to 10–5 m/s, while the permea-
bility of the compacted weathered material is of 1-2 or-
ders of magnitude lower (from 10–5 to 10–7 m/s). Coarse,
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Table 1
Chemical composition of leachate from the upper low-buffered
waste layers. Long-term lysimetric studies: lysimeter SM-1:
buffered 8-year-old waste; lysimeter SM-2: non-buffered

18-year-old waste; waste layer 1.5 m thick; waste from the
Smolnica coal-mining waste dump, Rybnik region of the USCB;
~below the detection limit DL

Element Concentration in leachate from the waste layer 1.5 m thick [mg/dm3]

Lysimeter SM-1
(8-year-old wastes)

Lysimeter SM-2
(18-year-old wastes)

Min. Max. Mean Min. Max. Mean

pH 7.09 7.71 7.55 4.03 4.36 4.16
TDS 1093.57 1885.01 1480.52 1304.29 1836.90 1565.28
SO4

P2 591.00 954.72 691.48 888.86 1190.00 1065.05
Kc 16.69 32.46 27.68 ~0.5 1.05 0.58
Nac 49.80 69.56 62.34 52.06 69.33 63.31
Mg2c 47.80 174.51 118.73 7.90 15.24 11.91
Ca2c 64.10 198.37 271.74 271.74 335.53 295.80
SiO2 0.90 2.21 1.72 25.27 60.96 43.47
Ag ~0.015 ~0.015 ~0.015 ~0.015 0.017 0.016
Al ~0.06 0.555 0.079 5.265 15.540 9.589
B 0.148 0.440 0.269 0.036 0.192 0.122
Ba 0.016 0.039 0.025 0.004 0.033 0.010
Be ~0.003 ~0.003 ~0.003 0.007 0.015 0.012
Bi ~0.03 0.122 0.017 ~0.03 0.106 0.024
Co 0.01 0.08 0.02 ~0.01 0.114 0.052
Cu ~0.005 ~0.005 ~0.005 ~0.005 0.077 0.035
Fe ~0.01 0.050 0.012 ~0.01 0.097 0.052
Li 0.092 0.196 0.171 0.102 0.251 0.206
Mn 0.066 0.340 0.208 0.475 1.581 1.258
Ni ~0.02 ~0.02 ~0.02 0.132 0.268 0.217
Pb ~0.05 ~0.05 ~0.05 ~0.05 0.190 0.082
Se ~0.05 0.073 0.019 ~0.05 0.084 0.019
Sn ~0.05 ~0.05 ~0.05 ~0.05 0.044 0.007
Sr 0.555 1.90 1.276 0.159 0.409 0.294
W ~0.025 0.109 0.048 0.477 1.244 0.897
Zn 1.394 7.402 3.845 15.492 50.853 21.419

essentially granular material from the deeper coal seams
(300-800) is resistant to compaction and weathering. It
remains permeable or semi-permeable to water and air
even after a long period of time and a heavy compaction,
while the waste from the upper parts of the Carbonife-
rous strata (coal seams 100-200) shows good compaction
and self-compaction properties.

Ground water pollution potential

Long-term laboratory, lysimetric and field studies define
several general factors controlling the degree of potential
hazard to the ground water under the vadose zone condi-
tions, where percolation of precipitation water through
the dump occurs (Twardowska and Szczepanska 1990).
These factors include: (1) the vertical redistribution of
chloride and sulfate loads in solutions infiltrating
through the dump body (vadose zone), particularly im-
portant where equilibria limitations are minimal (e.g.
chlorides and sulfate ions equilibrated by Nac or H3Oc),
(2) dynamics and kinetics of sulfate and acidity genera-

tion (FeS2 content, its reactivity, and the availability of
air and water), (3) buffering capacity of the rock material
(the amount of Ca- and Mg-carbonates and their proxim-
ity to the centers of the acidity generation, and (4) the
pore-water exchange rate in the waste layer.
The ground water pollution potentioal of low-buffered
waste is illustrated by the chemical composition of lea-
chate from a waste layer 1.8-m thick, 8 and 18 years old
(Table 1, Fig. 5). Freshly generated coal-mining waste is
buffered, and alkaline or close to neutral material. Major
ions released from the waste matrix to infiltrating water
from atmospheric precipitation are chlorides and sulfates
balanced predominantly by Nac cations. After fast de-
crease of mobile species (usually, after a single pore-wa-
ter exchange in the waste layer), the chemical composi-
tion of leachate stabilizes at a level controlled by the dy-
namics of sulfide decomposition and the carbonate and
gypsum equilibria in the system Ca-Mg-C-O-H-S. Com-
pounds that may cause deterioration of ground water
quality are total dissolved solids (TDS), mainly sulfate
ions balanced by Ca2c and Mg2c, while trace metals are
bound in the rock matrix within the pH-Eh stability field
(lysimeter SM-1). Gradual depletion of Ca-Mg-carbonates
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Fig. 5
pH, SO4

2–, Zn, and Al concentrations in leachate from the
lysimeter SM1 (buffered waste, 7–12-years-old) and SM2
(non-buffered waste, 15–20-years-old). Smolnica coal-mining
waste dump, Rybnik region of the USCB, long-term lysimetric
studies

results in acidification of low-buffered waste material and
mobilization of the trace species from the matrices of
wastes and other materials in contact with the acidic lea-
chate. Major compounds released from 18-year-old waste
in amounts many times exceeding maximum permissible
concentration level (MCL) are TDS, SO4

2c, Al, Zn, Mn
and Fe ions which precipitate abundantly as Fe(OH)3 in
oxic conditions. As a result of H3Oc ions reaction with
aluminosilicates in rock matrix, Ca2c and SiO2 ions are
released into solution and alumino-rich clay minerals are
produced. Other trace elements also occur in elevated
concentrations compared to the buffered system (lysimet-
er SM-2). This results in a substantial increase of the pol-
lution potential of low-buffered waste with time (Table 1,
Fig. 5).
Infiltrating water exchange rate in the dump is of parti-
cular importance to assessing the dynamics of dissolved
solids removal. In the vadose zone conditions, the liquid
to solid (L/S) ratio is low and a single exchange of pore
water in the waste layer 20-m thick will take at least 5
years. This determines a long-term impact on the ground
water for even mobile constituents such as chloride. In
the surface layers, chloride is almost depleted, but it is
increased in the leachate at the bottom of the dump. The
similar pattern of a vertical redistribution is displayed by

sulfates in the pore water percolating through the low-
buffered waste layer (Fig. 6). In the pore water of buf-
fered material, sulfate concentrations are limited by the
equlibria constraints with CaSO4. Besides macrocompon-
ents such as chloride, sulfates, total dissolved solids
(TDS), also elevated amounts of trace elements may be
leached out from unbuffered wastes. Trace elements may
be released from acidic waste, but also from the vadose
zone matrix underlying the dump, or from other materi-
als such as concrete or metal constructions contacting
with the acidic leachate (Table 1, Fig. 5).
Data from 3-year local ground water monitoring in the
vicinity of the Smolnica coal-mining waste dump, active
as a dump site since 1965, show significant ground water
quality changes down-gradient from various parts of the
dump (Table 2). These changes are attributed to variation
of waste material properties resulting from weathering
and the addition of fresh-wrought waste through time.
The results show that coal-mining waste dumps can be a
long-term source of the ground-water contamination,
lasting for decades. For example, after 30 years of opera-
tion of the Smolnica dump, increases of TDS in ground
water by 1-2 orders of magnitude compared to back-
ground concentrations are observed. Disposal of fresh
wrought waste causes high contents of Cl, SO4, Na, Mg,
Fe and COD, while ground water down-gradient from the
disused 15–30-year-old part of the dump displays high
and increasing acidification, high TDS, SO4, and the high-
est, still increasing values of Mn, Fe and Zn. The deep
deterioration of ground water quality, both with respect
to MCL and background concentrations of ground water
up-gradient of the dump, disqualifies these waters for any
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Table 2
Groundwater quality up-gradient (from 30 to 650 m) and
down-gradient (from 30 to 300 m) of the Smolnica coal mining

waste dump. Dump location: Rybnik region of the USCB. Data
from the local groundwater monitoring sampling of the local
GQM network: 1994–1997

Element Unit Background
concentrations in
ground water

Concentrations in ground water
down-gradient from the dump

Maximum
permissible
concentration

up-gradient from
the dump

0–10-year-
old waste

15–30-year-
old waste

level
MCL (MCL)a

pH 5.35–7.01 6.22–6.57 4.70–2.61 6.5–8.5
Eh MV c146–c301 P64–c12.5 P96–c540
Conductivity I S/cm 222–344 10 950–13 900 3520–6370 (800)
TDS Mg/dm3 192–402 10 250–13 368 3539–5112 800 (500)
Ca2c Mg/dm3 26.70–42.23 309.0–517.9 477.1–564.5
Mg2c Mg/dm3 3.12–16.98 202.3–416.4 45.6–101.8
Nac Mg/dm3 4.45–9.29 2250–3113 385.2–555.4 200 (100)
Kc Mg/dm3 0.91–2.41 48.18–81.08 9.98–19.94 (10)

N-NH4 Mg/dm3 ~0.01–0.723 1.335–8.680 1.189–4.146 0.5 (1.0)
N-NO2 ~0.001–0.019 ~0.001 ~0.001 (0.020)
N-NO3 3.362–7.598 0.262–1.418 0.119–1.435 10.0 (5.0)
HCO3

P Mg/dm3 5.49–33.56 177.0–460.7 0.00–3.05
ClP Mg/dm3 8.16–29.58 1030–3498 387–636 300 (250)
SO4

P2 Mg/dm3 51.01–130.70 2329–6113 1738–2675 200(150)
PO4

3P Mg/dm3 0.009–0.082 0.009–0.049 0.003–0.032 (0.2)
COD Mg/dm3 7.41–32.77 256.0–387.6 44.8–207.4 (25.0)
Al Mg/dm3 ~0.06 ~0.06 ~0.06–0.403 0.3
B Mg/dm3 ~0.10–0.10 0.40–0.60 ~0.10–0.10 (1.0)
Ba Mg/dm3 0.059–0.105 0.025–0.086 0.030–0.095
Cd Mg/dm3 ~0.001–0.003 ~0.001–0.013 0.001 (0.010) 0.005 (0.005)
Co Mg/dm3 ~0.005–0.040 0.08–0.12 0.015–0.030
Crt Mg/dm3 ~0.001 ~0.005–0.065 0.01–0.056 (0.10)
Cu Mg/dm3 ~0.001–0.007 0.018–0.033 0.009–0.075 0.05 (0.05)
Fe Mg/dm3 ~0.001–0.097 29.27–129.50 41.46–310.5 0.50 (1.0)
Mn Mg/dm3 ~0.001–0.12 7.23–13.44 9.71–14.09 0.10 (0.10)
Ni Mg/dm3 ~0.001–0.02 0.064–0.15 0.04–0.083 0.03 (1.0)
Pb Mg/dm3 ~0.001–0.012 ~0.001–0.08 ~0.001–0.120 0.05 (0.05)
Zn Mg/dm3 ~0.001–0.14 0.002–0.07 0.27–11.93 5.0 (0.2)

a MCL maximum concentration limits for drinking water and for water of I quality class (in brackets)

use. Similar adverse changes of the ground water re-
sources in the area impacted by leachate from dumping
sites are being observed throughout the USCB area. As a
result of renewable ground water resources deterioration,
in many communities local wells have been abandoned
and tap water is supplied from the remote sources.

Ground water pollution control
measures

Currently, environmental protection requirements and
liabilities with respect to dump siting and management
are regulated in Poland by several consecutively actual-
ized legislative acts. These acts and directives place strict
liabilities on the responsible parties associated with the
contamination due to active or inactive dump sites and
provide responsible agencies with authority to execute
compliance with regulations. The institutions responsible
for legislative acts enforcement are State Inspectorate of

the Environmental Protection and its District Inspecto-
rates, as well as Ecological Departments of the Regional
and District Administrative Boards. Their inspection and
evaluation activities are supported by the certified labora-
tories for the environmental monitoring, research and
control, as well as by the licensed corporate and individ-
ual experts of the Ministry of the Environmental Protec-
tion, Natural Resources and Forestry.
Due to the “polluter pays” principle enacted in the legis-
lative framework for existing waste dumps, an obligation
to provide an Environmental Impact Assessment for the
newly designed dumping sites, and the growing environ-
mental awareness of the local communities, an increasing
effort is being applied to develop environmentally safe
coal-mining dump construction, as well as to mitigate the
adverse impact of existing dumps on ground water. Con-
sidering size and the long period of the coal-mining
dump use, the protective measures need to be efficient,
cost-effective and appropriate for both operational stage
and the post-closure periods. For this purpose, the tech-
nical measures for dumping site construction, based on
the coal-mining waste environmental behavior, have been
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Fig. 6
Hydrogeochemical profile of
Smolnica coal-mining waste
dump. Vadose zone, waste
layer 10–15-years-old

elaborated (Twardowska and others 1988). The major
concept for the abatement of released contaminants con-
sists in the reduction of, (1) infiltration of precipitation
water into the waste dump, (2) amount of leached waste,
(3) generation of contaminants in the waste layer and (4)

rates of contaminant release from the leached layer.
These aims are being attained by the horizontal and ver-
tical air-tight and water-tight dump designing and limita-
tion of its exposed surface by means of an adequate con-
struction and shaping.



Cases and solutions

Environmental Geology 38 (3) September 1999 7 Q Springer-Verlag 257

Fig. 7
General scheme of the coal-mining dump drainage system. 1
acid-resistant drains; 2 collectors; 3 drainage base layer of low
permeability; 4 coal-mining waste layer; 5 pipeline; 6 internal
ditch; 7 retention/dosage reservoir; 8 pump station; 9 external
ditch; 10 recipient of run-off from the external area; 11
monitoring wells

The main design and construction elements comprise: (1)
outgoing construction of the external banks in heavily
compacted thin layers preceding the gradual filling and
compaction of the internal dump body, (2) maximum
limitation of the exposed area to volume ratio, (3) appli-
cation as a sealing material of appropriate fine-grained
wastes of a low permeability and a high water retention
capacity (tailings, low-ratio fly-ash/water mixtures etc.),
(4) application of the surface drainage constructed on the
low-permeable base, and a double system of the toe
ditches, to collect and discharge separately leachate and
clean run-off waters from the external area (Fig. 7). These
solutions, focused on the control of air and water per-
meability control, also effectively prevent self-ignition.
The present design was used successfully for the first in
the one of two largest central coal-mining dump sites
Koscielniok in Rybnik. There are currently several active
dump sites using this design and all new ones are de-
signed this way.
Another regulation requirement for each dump sited in
areas of ground water reservoirs or of usable ground wa-
ter horizons is the monitoring of ground and surface wa-

ter quality as an integral part of the dump reclamation.
Currently, not many active waste dumps are provided
with properly designed, operated and maintained moni-
toring networks, the Smolnica waste dump in the Rybnik
district (W) of the USCB is one that is.
There is still substantial inconsistency between the en-
acted legislative regulations and the general understand-
ing of the environmental behavior of the disposed waste.
From this pespective, legislation requiring restoration of
the initial landscape and use mode of the disposal site
seems particularly unfit. Optimization of land use and at-
tenuation of environmental impact in the most cases dic-
tate fundamental changes of the landscape and the utili-
zation of the site. Also traditionally practiced post-closure
biological reclamation by planting trees at close spacing
in order to obtain rapid vegetative cover commonly
causes severe losses, high costs and incompatibility with
the ground-water protection measures due to the deep
penetration of a root system. Landscape architecture with
a wider use of the combination of herbaceous cover and
higher vegetation in clusters as decorative elements can
be much more cost-effective, efficient and will not ad-
versely affect the dump surface drainage system. Evapo-
transpiration processes in properly designed, fast-growing
carpet-like vegetation cover can also play a significant
supporting role in the control of water infiltration
through the dump.
Due to the long term of dump use, special ground water
protective measures should be undertaken during the op-
erational period. In particular, dump construction in con-
secutive sections and their immediate post-closure cap-
ping should be considered in large central dumping sites.
These few examples show that there is still much is to be
done for optimization of the ground water protection
measures along with other aspects of restoration and
conservation in the complex system that characterizing
waste rock dump sites.

Conclusions

1. Coal mining waste dumps should be considered as a
serious long-term source of ground water deteriora-
tion. Pollution potential of low-buffered waste in-
creases with time, as depletion of buffering capacity
and acidification of waste occurs as a result of iron
disulfide decomposition. Occurrence of a regional zon-
ality of Carboniferous rock properties in the USCB al-
lows prediction of the environmental behavior of the
waste material deposited at dumps with a considerable
accuracy.

2. Coal mining dump construction can be treated as a
complex system directed to mitigate adverse environ-
mental impacts.

3. Despite substantial advance in designing, construction
and operation of coal-mining waste dumps with re-
gard of ground water protection in the last decade, the
present situation in Poland is still far from being satis-
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factory. The lack of a comprehensive approach to the
environmental protection priorities in the design and
construction of the coal-mining waste dumps, their in-
complete reclamation and then inappropriate use is
still too common.

4. Cost-effective and efficient dumping site construction
needs to be based on the waste rock long-term envi-
ronmental behavior in operational stage and in the
post-closure period. The environmentally oriented op-
timization of a dump site design, which includes tech-
nical, biological, and landscape planning details, and
considers appropriate prospective use of the site, can
successfully mitigate the adverse environmental im-
pacts and prevent degradation of recoverable ground
water resources.
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