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MOHITOPUHIT 4KOCTI BOAU B
JTIOKAJIbHNX BOJOOYNCHUNX
YCTAHOBKAX

lMetpexko H.®., BuHHuubka O.J1., Jlarona
O.B., AHgpeviuoa H.U., AmutpieBa T.H.

Y po6oTi NpeacTaBneHi pesynstaTu no-
PiBHANBHOT €PEKTUBHOCTI OYMLLLEHHSA BOAMU
LLeHTpani3aoBaHOro rocnogapcbko-rnMMTHOIO
BoaonocTtadaHHa M. Ogecu B 8 nyHKTax eKc-
nnyatauii BOY 3a nepiog 2004 p. - nepwni
kBapTtan 2005 p.

MokasaHo, Wo BXmBaHHa BOY konek-
TUBHOIO KOPWUCTYBAHHS, TEXHOJONA OYMNLLEH-
HSA 9KUX BKJIIOYAE MexaHidyHy ¢inbTpauiio, aja-
copOuijto Ha AY, iH., AN 0oAATKOBOrO O4YMLLIEH-
HS BOOW LEHTpanisaoBaHOro rocnoaapcbko-
MATHOIrO BOAONOCTa4aHHS 0O3BOJISIE BUAOANs -
TW 3 HEl 3a/MWKOBNN XJ10P, XNOPDEHONN i iH.
XJIOPOPraHiyHi CNoaykKn (3HMXEHHS 3HA4YEeHHS

MO), kaTioHn 3ani3a; ogep>xxyBaTn NUTHY BOOY
i3 CAPUATANBMMIN OPraHONENTUYHMMI BNACTU-
BOCTAMM.

Summary

MONITORING OF QUALITY OF WATER IN
LOCAL WATER-PURIFYING INSTALLATIONS.

Petrenko N.F., Vinnitskaya E.L., Lagoda
O.V., Andrejtsova N.I., Dmitrieva T.N.

In the work they present the results of
comparative study of the efficiency of water
treating of the centralized economic - drinking
water supply of Odessa in 8 points BOY
operation in 2004 - the first quarter 2005.
Application of BOY for common use which
technology of clearing includes a mechanical
filtration, adsorption on AY, etc. for additional
water treating of the centralized economic -
drinking water supply allows. To delete from
it residual chlorine, chlorphenoles, and other
chlororganic substances (decrease of O
value), iron cations. To receive potable water
with favorable organoleptic properties.
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ENVIRONMENTAL IMPACT OF UTILIZING COAL MINING WASTE FOR
ROAD CONSTRUCTION
Sebastian Stefaniak and Irena Twardowska

Polish Academy of Sciences, Institute of Environmental Engineering,
34 M. Sklodowska-Curie St., 41-819 Zabrze, Poland

Introduction
Coal mining waste generation and use

Poland and Ukraine belong to the
world’s major producers of hard coal,
holding in 2004 8" position with 100.4 Mt/
yr and 10 position with 56.8 Mt/yr ,
respectively (WCI, 2004). For every ton of
coal output, about 0.35 t waste has been
generated (mean value). In these countries,
coal mining waste rock comprise thus one
of the biggest groups of waste (in Poland,
35.8 Mt of coal mining waste, i.e. 30% of
total was generated in 2004) (GUS, 2004).
In the EU, waste from the extractive
industries amounts to about 29% of total
waste generated in the EU each year, with
an annual volume over 400 million tons
(EEA, 1993-2005). In the EU member

states, coal mining waste is considered a
valuable construction material widely
utilized in civil engineering as fill and
earthworks material, also in transport
engineering structures: as a road base and
sub-base, for highway and railway
embankments, leveling of parking lots,
harbor constructions etc. Also in Poland,
roughly 35 Mt, i.e. 98%, has been utilized
for these purposes in 2004 (GUS, 2004).

Legislation on environmental
protection aspects of waste management

In the EU Member States, use of
industrial waste in civil engineering is
standardized and normalized with respect to
technical parameters (e.g. British Standards
BS882, 1992; BS3797, 1990; BS 1047,
1983; BS6543, 1985; BS 5328, 1991, BS

ACTUAL PROBLEMS OF TRANSPORT MEDICINE 4+ # 1 (3), 2006



AKTYAJIbHbIE NPOBJIEMbl TPAHCMOPTHOM MEOULMHBI 4 Ne 1 (3), 2006 r.

3892, 1982; BS12, 1991; BS146, 1991;
BS4246, 1991; German BAST-E9,1971;
FGSV 616/2, 1984; Dutch WKE-N-
78163,1965; WKE-R-78156, 1982, SVC
Normen en Proefvoorschriften 1992,
Bouwstoffenbesluit, Staatscourant 1991).

Adaptation of the EU legislation on the
environmental aspects of waste
management by the European countries,
both by member states and candidates, has
greatly contributed to harmonization of
national legislation and integration of
environment-related waste management
policy.

The framework EU waste legislation in
force is based on three major documents
with amendments: (1) Directive 75/442/EEC
on waste, as amended by Directives 91/
156/EEC, 91/692/EEC and Commission
Decision 96/350/EC; (2) Directive 91/689/
EEC on hazardous waste, as amended; (3)
Decision 2000/532/EC establishing a list of
waste, as amended, the latest amendment
by Council Decision 2001/573/EEC. In
addition to these documents, the EU
policies on waste comprise numerous
regulations concerning specific waste
streams, both in force and in preparation.
The EU legislation in preparation includes
the proposal for a Directive on the
management of waste from the extractive
industries, in this of coal mining wastes
(COM, 20083). Following this proposal, the
European Standardization Committee,
Technical Committee 292 “Characterization
of Waste” has undertaken works on
developing standards on environment
impact-related testing waste from the
extractive industry and established a
working group on Mining waste in CEN/TC
292 (2005).

The EU legislation on waste was
adopted also by Polish environmental
regulations, (e.g. Polish Act on waste, 2001,
and other legislative documents), which
cover also relevant regulations concerning
water protection (Directives of Minister of
Environment, 2002, 2004a,b).

Environmental impacts associated with
coal mining wastes

According to the EU list of waste
(2000), coal mining wastes do not belong
to hazardous waste. Though, they are also
not environmentally neutral, the major

issues being related to water pollution due
the formation of leachates, in particular of
acid rock drainage (ARD) that occurs as a
result of sulfide-rich mining waste material
exposure to atmospheric oxygen and water.
An extent of adverse environmental impact
on the water quality depends upon the
content of soluble substances, sulfides,
their reactivity, buffering capacity of a rock
material, as well as waste granulation that
influence the conditions of water percolation
and air penetration into waste rock layer.

In the case of mining waste reuse, the
major problem consists in the difficulty of a
reliable environmental impact assessment
(EIA) related to long-term pollutants release
from wastes and evaluation of a risk exerted
by these wastes in specific constructions
such e.g. as railway or highway
embankments and other engineering
constructions used for transport-related
purposes. Long-term EIA became thus the
major criterion of coal mining waste
management.

The aim of the presented study is to
illustrate the temporal transformations
occurring in the coal mining waste layer as
a result of technological processes of re-
extraction, transport and deposition of
waste at the place of destination according
to the reuse purpose (railway or highway
embankment, road sub-base, ground
leveling etc), exemplified in coal mining
wastes that originate from coal mining waste
dumps, and the impact of these processes
on ground water quality.

Material and Methods
Characteristics of studied objects

For studies, coal mining wastes from
two dumping sites: Anna coal mine in Bukyw
and Szczyglowice coal mine in Smolnica
comminities (Upper Silesia, Poland) were
selected.

At the Bukyw dump (site |) coal mining
waste rock from coal seams of 600 and 700
groups of Namurian A carboniferous
formation was disposed since 1976. The
wastes consisted mainly of coarse-grained
washery discards (93.7%) that was a hard
material resistant to particle size
degradation due to wetting and effect of
other atmospheric factors. These waste
showed moderate chloride salinity (0.01%)
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and were relatively high-buffered: their
neutralization capacity exceeded acid
generation capacity 2.37 times (in
equivalent units).

At the Smolnica dump (site Il) coal
mining waste from coal seams of 300 and
400 groups that consisted mainly from shale
and mudstone of Westphalian A, B and
Namurian C carboniferous formations was
disposed.

Minor, but environmentally important
components of waste are iron sulfides
(pyrite, markasite) responsible for ARD
generation due to ARD generation as a
result of sulfide reaction with oxygen and
moisture, and Ca-Mg carbonates (calcite,
dolomite), which are buffering agents
preventing from the rock acidification
provided that they are available in sufficient
amount, i.e. that ARD generation potential/
buffering capacity e” 3.0. Another factor of
importance with respect to pollution
potential of waste rock to water is chloride
salinity, fairly high in some coal seams
(Szczepacska and Twardowska, 2005). At
both dumping sites, residual coal extraction
by physical methods was carried out.

Technology of waste rock re-extraction
from coal mining dump for obtaining
material for road/railways construction
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comprised excavation of a rock deposited
at the dump, its transport, often size
reduction and finally deposition at the
destination place. As a result, the waste
layers were disturbed and exposed to the
atmospheric impacts, including water and
air. As a result of weathering processes, in
the waste rock the pollutants are generated,
released and transported with infiltrating
water to ground water causing degradation
of its quality to the level rendering it unfit to
any use.

Methods

At the studied coal mining waste sites,
the vertical drillings through the waste
dumps were conducted to the depth 10-15
m, and rock material from the subsequent
layers was collected and transported to the
laboratory in tightly closed plastic bags in
order to prevent from the moisture loss. In
the laboratory, pore solution from the rock
samples was extracted by pressure method
and analyzed for chemical composition by
ICP-MS (Perkin-Elmer Elan). In parallel,
samples of ground water up-gradient and
down-gradient of the dumps were also taken
and analyzed. Vertical transformation of
pore solution due to contaminants leaching
and re-distribution of loads in the infiltration
water stream in the studied dumps along
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Fig. 1 Hydrogeochemical profile along the borehole A (Bukéw dump)
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with the impact of leached loads on the
ground water quality down-gradient of the
dump was evaluated. The studies were
focused on three major processes: chloride
leaching, and ARD generation and
buffering, which determine the pollution
potential from coal miming waste to ground
waters. These studies simulated the
processes occurring in the engineering
constructions for transport purposes
performed with use of coal mining wastes.

Results and Discussion

Pore solution along the non-disturbed
profile of coal mining waste at Bukyw dump
9-19 years’ after deposition showed high
degree of washing chlorides out from the
upper layer of waste 9-15 years after rock
deposition and proceeding intensive sulfide
oxidation within the waste layer (Fig 1). The
older bottom part of the waste rock up to
19 years old due to the lesser water
exchange rate and vertical load
redistribution displayed characteristic
downward increase of SO,* concentrations
and thus also increase of pollution potential
to ground waters. Hydrogeochemical
composition of pore solutions changed
downward from SO,-Na-Ca in the upper part
of the waste layer profile to SO,-Ca-Na-Mg,
SO,-Na-Ca-Mg or SO,-Mg-Na-Ca. Neutral
or slightly alkaline pH 7-8 values were an
evidence of sufficient buffering properties,

thus maximum concentrations of SO,* up to
3850 mg dm= were limited by equilibrium
with gypsum. Under these conditions, also
trace metal release was low; in the highest
concentrations Sr (up to 4 mg dm=) and Mn
(up to 3.52 mg dm2) occurred; also Fe, Zn,
Cu and Li were present in the detectable,
but permissible concentrations.

lon concentration pattern along the Bl
and BIl profiles (Bukow) displayed a
significant impact of re-extraction and
disturbance of waste material on the
hydrogeochemical conditions in the waste
body that determined a pattern of
contaminant release from the wastes.
Compared to waste in non-disturbed layer,
increase of hydraulic conductivity, porosity
and bulk density of material was observed,
along with increase of moisture content and
therefore of an infiltration flow rate (Fig 2).
Also substantial changes of leaching
dynamics occurred that indicated the “re-
activation” of contaminant mobilization
(intensification of generation and leaching
of contaminants from the older waste,
mainly sulfates, but also chlorides as a
result of rock grain size reduction, re-
exposure to atmospheric conditions and
material admixing). Besides of significant
increase of concentrations and loads of
macro-contaminants in pore solutions after
re-deposition, the disturbance of the initial
pattern of a vertical redistribution downward
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Fig. 2 Hydrogeochemical profile along the borehole Bl (Bukow dump)
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the profile was observed: re-deposited
waste displayed either inverse pattern, i.e.
occurrence of the highest concentrations of
constituents at the upper part of the profile,
which was characteristic for the freshly
deposited material (Fig.2), or generally
uniform concentrations of constituents
along the profile.

Due to satisfactory level of waste
buffering and slightly alkaline pH value of
pore solutions, trace metals were not
susceptible to release, nevertheless in pore
solutions of re-extracted wastes the
concentrations of some trace elements
appeared to be elevated (Tl, Li, Ba, Al, Mn),
up to the values exceeding standards for
drinking water (Ni), along with mobilization
of toxic elements occurring in the anionic
form (B, Mo).

Low buffering ratio of waste from
Smolnica coal mining waste dump
(buffering capacity to ARD generation ratio
of 0.68-0.71), opposite to relatively well-
buffered material from Bukow dumping site,
results in a gradual acidification of the rock
material. Reactivity of sulfides in this
material is characterized by half- period of
sulfide decomposition t,, = 1440 days. The
acidification of a material, in particular in the
surface layers, has been observed already
in 10 years after waste deposition. Process
of acidification along with the vertical

Fig. 3 Hydrogeochemical profile along the borehole Sl (Smolnica dump)

redistribution of contaminant
concentrations downward the profile causes
adverse temporal transformations of waste
and pore solutions lasting for decades
(Szczepacska and Twardowska, 2005).

Acidification process in the studied
waste profile was characterized by the
domination of sulfate anions equilibrated
mainly by Na* and Mg?" cations (Fig. 3).
Additional threat to the aquatic environment,
besides high sulfate concentrations in this
phase, exerted mobilization of trace
elements at pH<5 from waste matrix and the
underlying soil in the vadose zone.

The local monitoring of ground waters
in the vicinity of coal mining waste dumps
illustrates changes of water quality down-
gradient of the dump. Re-extraction and re-
disposal of waste exerted the strongest
impact on the sulfate mineralization level
due to “activation” of waste in a
technological process. Generation and
leaching of dissolved constituents from coal
mining waste resulted in multiple increase
in ground waters of dissolved substances
(conductivity), sulfates, chlorides and in
acid waters also of heavy metals, in
particular Zn, Ni and Cd that made these
waters unfit to any use and in the reported
cases caused closing the local wells and
forsed a need of a distant water supply for
the affected communities (Table 1).
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Selected ground water quality parameters down-gradient of coal mining waste

Table 1

dumps. (P2,...P5B, S-3 — monitoring wells)

SMOLNICA coal mining waste dump
Conductivity 3 3
pH [uS/cm] SO4[mg/dm"] Cl [mg/dm"]
P2 P3 P4 P2 P3 P4 P2 P3 P4 P2 P3 P4
1994 | 4.70 | 5.52 | 7.10 | 4620 | 3270 ({15080 | 1738 | 1013 | 2329 | 636 | 754 | 3498
2004 | 2.49 | 5.09 | 6.45 | 5460 | 5690 |12230| 2320 | 1873 | 6647 | 598 | 833 | 637
BUKOW coal mining waste dump
Conductivity 3 3
pH [uS/cm] SO4[mg/dm”] Cl [mg/dm"]
P4B | P5B | S-3 | P4B | P5B | S-3 | PAB | P5B | S-3 | P4B | P5B | S-3
1998 | 7.06 | 6.98 | 6.56 | 4180 | 7573 | 3505 | 318 | 6427 | 2449 | 184 | 2020 | 617
2004 | 6.57 | 6.82 | 6.79 | 4000 | 4007 | 4190 | 1221 | 3386 | 2159 | 549 | 588 | 163
Conclusions penetration should be provided

An observation of hydrogeochemical
transformations occurring in the vertical
profile of coal mining waste resulting from
their re-extraction and re-deposition
showed significant changes of infiltration
water parameters in a waste layer. Re-
extraction appears to have the strongest
effect on the increase of hydraulic
conductivity, porosity and bulk density of the
material, and on the contact of material with
the environmental factors (atmospheric air,
water) that favor the generation and
mobilization of contaminants. Due to these
changes, the “activation” of generation and
leaching of contaminants from the older
wastes has been observed. As a result of
disturbance of the initial positioning of
waste along the waste profile, pore solution
in re-deposited wastes display the pattern
inverse to that in undisturbed old waste
layers, i.e. occurrence of the highest
concentrations of constituents in the upper
part of the profile. These waste, which due
to occurrence of sulfides display a long-
term pollution potential lasting for decades
and often show the time-delayed maximum
adverse effect to the aquatic environment,
are sensitive to the impact of both natural
and anthropogenic factors that should be
taken into consideration at using this
material for road, highways and railway
embankments construction and other
engineering constructions for transport
needs. In particular, adequate compaction,
drainage and insulation against air

(Twardowska et al., 2005).
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Pe3iome

BIIMAHVE NMPUMEHEHNA OTXO40B
YINEAOBbIBAIOLLEN
MPOMbILLJTIEHHOCTU B JOPOXHOM
CTPOUTEJIbCTBE HA OKPYXAIOLLYIO
CPELY

CebactbsiH CtegaHbsik, VipeHa
TBapaoBckasi

Monbwa v YkpanHa aBAsOTCA KPyn-
HENLUMMU MUPOBLIMN NPON3BOANTENAMMN
KaMeHHOro yrnd. B cpegHem Ha Ka)xayio
TOHHY A00bITOrO yrnsa obpasyeTcs npubnm-
3ntenbHo 0,35 T oTx040B. XOTS OTXOAb! Ka-
MEHHOYI0/IbHOW NPOMbILLAEHHOCTN HE NPU-
HagnexaT K onacHbIM OTXo4am, OHU CMo-

COOHbI A0NTr0e BPEMS 3arps3HAaTb OKpyXa-
IOLLYIO Cpeny BCNeacTBME BbICOKOro coaep-
XaHuga cynbduUaoB U XJIOPUAOB; B TO Xe
camMoe BpeMs, OHU — LEHHbI CTPOUTENb-
Hbli MaTepuan, WMpPOKO UCMNOJIb3YEMbIN B
rpaxgaHckom ctpoutensctee. N3 35,8 Mt
oTX040B, obpasyowmxca B Monblie exe-
rogHo, npumMmepHo 35 MT, To ecTb 98 %,
MCNONb30BaJMCb Kak Matepuan B CTPOU-
TeNbHbLIX U OOPOXHbIX pabotax. B 1o xe
BPEMS, LUMPOKOE MUCMNOJIb30BAaHNE OTXOA0B
KaMEHHOYr0fibHOM MPOMBILLAEHHOCTN NPU-
BOOMT K 3arpsi3HEHUIO 3HA4YUTESbHbIX Tep-
puTopuin, a Takxe BOAbI U aTMOCHEPHOro
Bo3ayxa. CtaTbs MOCBSLLEHA paccMoTpe-
HMIO B3aUMOCBSA3UN UCMNOJIb30BAHUSA OTX040B
KaMEHHOYrOJ1IbHON NPOMBILLIEHHOCTN B 40-
POXHOM CTPOUTENBLCTBE M KayecTBa MNpu-
POAHLIX BOA, a Takke NpodunakTuieckmm
MepOonpUATUSM, HaNpPaBieHHbIM HA UCMPaB-
NeHne cknagbliBaloLwencs 9Konorn4eckom
cuTyaumn.

Pesiome

BrjmMB BUKOPUCTAHHA BIAXOAIB
KAM’AHOBYT1IJIbHOT MPOMWCNOBOCTI
B AOPOXHbLOMY BYAIBHNLUTBI HA
OTO4YIOYHE CEPEAOOBWLLE

CebacrtiaH CtegaHiak, IpeHa TBapaoBcbka

Monbwa i YkpaiHa € Hanbinbwmnmmn
CBITOBMMUN BUPOOHMKAMMN KaM’AHOIO BYrifi-
na. B cepeaHbOMy Ha KOXHY TOHHY 3000Y-
TOro BYrinns yrBoptoeTbca npubnmnsHo 0,35
T Bigxonis. Xoya Biaxoau Kam’siHOBYTiNbHOI
NPOMMUCOBOCTI HE Hanexatb A0 Hebe3ney-
HUX BiAXOAiB, BOHM 3aaTHi AOBrnin yac 3ab-
pPyOHIOBaTU OTOYYIOYE CepenoBuLLe BHACI-
ilOK BUCOKOIro BMICTY Cynb®ifaiB i xnopuais;
B TOW Xe caMuii 4yac, BOHU — LiHHWIA Byai-
BENbHUI MaTepian, Wo WnUpoKo BUKOPUCTO-
BYETbCS B rpomMancbkomMy OyaiBHUUTBI. 3
35,8 Mt Bigxonis, WO yTBOPIOIOTbLCSH B
Monbuii wopiyHo, Npndénn3Ho 35 MT, To6TO
98 %, BMKOPUCTOBYBaNUCH K MaTtepian B
OyniBenbHUX | OPOXHIX poboTax. B Ton xe
yac, LUMPOKe BUKOPUCTAHHSA BiAXO4iB KaM’ -
SAHOBYTiNILHOT MPOMWCNOBOCTI NPUBOAUTL 0,0
3a0pyAHEHHS 3HAYHUX TEPUTOPIN, a TakoX
BOAu i atmocdepHoro noeitpsa. Ctarta npu-
CBAYeHa po3rnaay B3aeMO3B’A13KYy BUKOPWU-
CTOBYBAHHS BiAX0A4iB KaM’AHOBYTi1IbHOI NPO-
MUCJIOBOCTi B AOPOXHbOMY OYHIBHULTBI i
SIKOCTI NPUPOAHUX BOA, a TakoX npodinak-
TUYHMM 3axogam, CnpaMOBaHUM Ha BUM-
paBfEeHHSA €KOJIOri4HOT cuTyadlii.
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