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IMPACT OF MINIRG ACTIVITIES UPON THE AQUATIC ENVIROMMENT
WITHIN THE UPPER SILESIAN COAL BASIN /USCB/

Marek Rogozq, Bogdan St;aszewski'l and Zbigniew Wilk2
1 Central Mining Institute, Katowice, Poland
2 Academy of Mining and Metallurgy, Krakéw, Poland

ABSTRACT

In USCB mining activity bave been run for hundreds years,
thus creabting a significant environmental problems. The main
factors affecting aguatic environment and its effects are
briefly reviewed., This concerns, impact of mining subsidencs
on the surface and ground water flow pattern over the ares
hydraulically separated from the effects of mine drainage,
effects of mine drainage within the ares where such hydraulic
isolation does not occur, discharge of mine water into the
surface water bodies, environmental effects of dumping mine
spoil on the land surface. Forms of the adverse effects and
the measures taken to minimize further degradation in water
quality are also presented.

1. Maln factors affecting natural water conditions in the mi-
ning region.

The Upper Silesian Coal Basin (USCB) is the part of Poland
which due to the highest concentration of industry and po=
pulation undergoes strong antropogenic pressure, Hining acti-
vities have been run here for hundreds years (mining of lead-
zinc ores since half of XIIlc,, mining of cocal since half of
XVIIIc.)s. Annual coal production in the USCB reaches now ne=-
.arly 190 mil.tons. The region is exposed to unaveidoble ef~
fects thereof"Tesulting in various changes of the natural
environment. One of the forms under which the environmental
changes occur is the disturbance of the natural water condi-
tions csused by : :

- gubsidence of the ground surface dove, god around of the
sxtracted portion of the bed,

~ dewgtering of the rock mass resulbving from the drsinage of
mines

- diséharge of polluted mine waters into the surface watsr
bodies

- dumping of waste rock on the surface wherefrom soluble slib=
stances are leached by rainfaells into the subsoil,
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AS it mey L: seen frow toe sbove exemples ths inserference of
mining in the woter condlition:z is of Lotk cuantitabive acd
oslitevive nature and ilts offechs relste Yo ithe sunfsece Wwa=-
Tere shallow ground wabters and deep water bearing horizons
adjacent to or far apart from, mined arza,

2. Hydrogeclogical and mining conditioas

Frow the environmentzl viewpoint ; the area of USCB can be
divided in%o twe different hydrogeologicgl units. The first
one exbibits the geologlc egtructure where there is hydrsulic
contact between water bearing horizouns drgined by mires and
shallow aquifers.In the sscond cne, impermegble formations in
the overburden separate surface and grourd water from mioing
dreingge,s Tha first type of structure osccurs in the northern
end northeeast part of the USCR where:

1e = Carboniferous formgiions outcrop on the surrace

1h « Cartoniferous fermations are overlaid by Quaternary, ma-
inly permeable depcszits

1¢ ~ Carbeniferous formations ars overlaid by Triassic formze
tions without continuous lgyer of impermeable deposits bet-
weern them and at the roef of Triassic formatiomr.

The second type of structure prevails over the southern, cen-
tral and western part c¢f the JSCE where:

28 ~ Carbouiferous Fformstions are overlald by thick series of
Tertiary deposits which consist of clays interbedded with
stringers of fine~grained sznd.

2t = Carbvoniferous formatlons ere overlaid by Triassic forma-
tion and the floor of the latter consists of thick, continu-
ous l%yer of impermeable clays of Bunty Sandstone,

2¢ = Carbordrerous formations are overlaid by Quaternary de=
posits asrd the floor of the latter is build-up of impermeabe-
le glacial tilil and ciays.

Inn the region of the Tirst hydrogeological unit, surface end
subsurface water are draired by underground workings in the
zones ¢f natural kydraulic corvatts like outcrops of Cgrbo~
niferous sz;ndstenes, Jjoints and water-conducting faults as
well as through posimining Lrscturcse. On the other hand, wa=
ter dbearinz lagyers adjscent to extracted deposite are direce—
tly recharged by surtsce end ground wsters.

Tu the region of the second hydrogeoioglcal unit, thick ime
permeable lzyers deform plastically, waen subjected to minie
ng subsidence, so thst all overlying sguifers are protected
ageinst mine drainage ani oan the cther hand, inflow to the
gines is highly limited and consigts mainly of static water,

Usderground mining of zinc-lead ore deposits results nsinly
in the dreinage of Triasssic formations. The areas, shere such
ore deposits ere  Wiped exnitit usually the lzck of Terw
tiery deposits in overburden snd the surface water as well as
Quaternary asgquifers car be sepagreted only by clays, contained
irx the floor of Guaterrary depocsits.

In open caud=pits vroviding sand for dack Iilling cr bailding
industry, only the Quatsrnary deposits ars extractved. Where
554

Reproduced from best available copy



IMWA Proceedings 1987 | © International Mine Water Association 2012 | www.IMWA.info

sae sand 1g yziped Ior Leiow thke water tavle, She surrcunding
area within depression cone ip being srained i.e. g direct
Areinage ¢f the Quatermary aguifer cccurs.

The Japnderground coml Deds ere zined almoeb exciusively by Lias
longwall sysvex of waich ebout 80 percent with ceving, the
remaining parv With Dydrsuddce stowing and To very small extent
with paeuwatic Peckfilling. The Carbsniferous Joal Measures
include from cae to several dozen of mineabie cosl beds whose
cumula%ive depth can ressh %o 80 m or more. Extracsing of toe-
s¢ beds will produce subsidence of ground surface up tec 50 =,
Jugt now subsidence in excess of 2 m is teing nbserved &t so-
me mining aress. 1n maoay Csses the mining operations are CoL~
centrated in certsin zomes. These zZones agre separated from -
each other by the areas whkere no mining is run due %o =ither
natural condisions {tectonic disturbances, outecrops or washoe
uts of coal bads) or the necessity of protecting some objects
>y means of safety pillars. Conseguentliy, the subeidents Lrou-
ghs developing in the mined zones with tkhe winniaog of subseyu-
ent cosl beds overlic one another thus csusing pronounced Qg
formations of the land surface.

Irpact of undergrouwnd mining on the surface and subsacfzcs Ly«
drolozy depends also on mining pregrass and depth. The regioens
with the grestvest mining progress i.,¢. mainly withiz the mzin
anticiine ares exhibit ths rock mass, which nse been alimost ene
tirely dewstered, The weter inflowe tc the minss are low, of 2
couple of cubic meters per mirnute ané originate mainlg fromw the
dynamic resources. The cbservations have sghown that the water
inflow to the mining excavations in the USCE generally diminis-
ues as the deptn of extractior progrssses. At the same tine,
however, the mineralization cf water entering the mine opemizge
increases.

3. Impact of mining subsidence on grouud and surfsce wetel zjyse
LensS,

2e1 Subsidence =~ induced changes of the water leveis.

The observations shew thst the changes in wster level above the
“ravelling subsidence trough are caused mainly Uy ths changes
in tze inclination of aguifer baee invelving alteravions 0F ay
draulics gradlents as well s by the changes lun stre st
tion within partviculsr squifers. The former Iaster iz of fre
importance as fsar ss ths water-vable zcnditious =are sunce
Foere whe vestors of sursidence tilt ard ¢f pre-niring Lydraie
1ic gradient are ir the same directiond and zdéd %o one anesosY
the waeter table gets lowereé in relatisn ve the ground suriace
whéereas in the oppositve case the waver tsble Iizes in relstion
Lo ground surfacé. The clanges in agulfer base irclinetion,
horever, gre not alvays denisive for the chengas in Qygarsu
srzdienise #Hnure water ceoafimed comditions eccur the 2k
riezsmetric pressare sre significsatly infidenced oy the
vrivution ¢f stresses iz the aguifer. The prsssure rice
cneerred when the ovservaticu polnt is sltveted within
¢f mauonUL coxpressive suressst (lege L She cenbrel oo
tae sronghl. Trhen the pressure avers alter the zining ars:

B3
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‘moved away and the pock mass is subjected to decompression
and eventually the quasi-~equilibrium counditione are regained
after the rock-mass movements have ceased.

Hitherto conducted cbservgtions show thabt in quasiweguilie
brium conditions the relatiorsinip between the magnitude of
surface subsidence and the changes in absolute levels of gro-
und water within the given basin can assume the following
forms: )

= no changes in wauter level occur (AH=0 ) with w ¢ O
{(where: w = surface subsidence),

-~ Water levels are lowersd by a magnitude smaller than thst
of subsidepce (AH <vw ),

- water levels gre lowered by & magnitude approximating that
of subsidence {(AHZE w ),

-water levels are lowered by a magnitude greater than that of
subsidence,

According to what was ssid gbove the ground water level will
be either relatively raised in relation to subsiding site
snrfice (first two cases) or relatively lowered (the last
cagse e

The first form of the changes has been noted close to the
subsidence trough edge at the outflow side where the threse
hold as formed raises the ground water in the trough te its
initial level. The second form of the changes has occurred
inside the cencave morphological depressions developed gbove
the subsidence trough. The third form of the changes was fo-
und within the basin area with no pronounced alterations in
the water flow pattern and in this case the changeswere ma-~
inly attributable to the lowering of the recharge zone. The
last form of the changes was observed at the edge portions
of deep subsidence troughs at the water inflow sides

4 similar mechanism of changes resulting from the mining
subsidence can be observed in the case of surfsce run-off,
The longitudinal profile ¢f a river (or stream) extending
over the subsidence trough can be divided into three sec=~
tionse In the lower section the subsidence tilting is counw.
ter o0 the inclipation of the riverbt=d whereby the water tagw
ble rises, the central section exhibits backwater effect
wheress in the upper suction subsidence induced gradient is
in line with water flow direction. Response to the induced
changes in the profile i§ tending toward the maintenance of
bydraulic equilibrium state and manifested by such phenomena
as an accelerated flow of water and erosion in the upper sew
ction as well as reduced water flow, raise in waber level
ané gedimentation in the central and lower sections,

%here on the ground surface occur seni-permeable or nonperme-
able deposits the changes in ground configurstion result in
disturbances in overland flow end interflow.

The concave morpholcgical depressions as formed, retain water
replenished by rainfalls or snownelts.

Vith the volume of water flowing into the depression beipg lar-
ge enough to balance or exceed the evaporation and infiltra-
tion losses the s0il cen become permanently waterlogged and
the area can get marshed.
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3«2 Forms of adverse effects.

The disturbances in the ground gnd surface water runeocf? as
witherto described result in spatially differentiated chane
ges in water levels. One of characteristic effects attribu-
table 10 these changes is the formetion of subsidence— in-
duced ponding and flooding. Despite of largely developed pre-
ventive measures the avergge total area of pondings in the
Upper Silesian Coal Basin is ebout 8 sg km,

The worst situation is observed in the western part of the
USCB wkere subsidence - induced overflowing of Bierowke and
Kiocdnica Rivers together with their tributories resulted in
permanent flooding at the rivers’valleys. Large pondings we
re formed on flat sites due tec disturbances in the ground
water run-off, The area of floodings represents up %o 4 per-
cent of the total surface of minping ground belonging %o cerw
tain coal collieriess pondings resulting from the disturbge
nces in surface run-off can be encountered in the southern
region of the USCEB where the surface is predominantly cove
red with semi~permeable depositse.

Another effect of bhe change in water level is observed in
the form of local reductions in water resources. This. type
of damsge is frequently underestimated where there is no mi-
ning drainage, but the areas affected thereby are not less
than those of floodings. Sucn situations occur clese to the
floodings where a part of the flow is being diverted towar-
ds the subsidencs trough. In the farmers’wells located at
these sites a drop in water level is observed including teme
porary or permanend shortage of water supplys
lMore or less direct effect of water-flow disturbamces occur
ir the form of soil erosion, landslides and suchlike. They
are usually initiated by surface deformations and particula-
rly by the bhorizomtal strains. Mostly exposed to these forms
of dszmage are the southern regions of the USCB exhibvitirg
rugged morphology and containing loesse-like deposits in the
subsoll,. .
3.3 Prevettive megsures to be taken and mitigation of effe=
ctse

The countermeasures preventing the adverse effects of mining
subsldence and in particular the formation of floodings can
be categorized into thrse groups as belows
1. Planning and managing the mining activities so as to minie
rize their effects, through the coordingtion of mining schee
dules and plans, designing of lsrge long wall parcels and suw
table direction of mining,application of backfilling.
2. Preventive and current nydro-technical operatiom tvending
toward the limivation of mining sffects and including dred-
ging and rising of river banks to provide for ar unrestrice
ted flow, £illing of depressions with mining-waste followed
by land reclamation, correction of the gravitational draina-
ge gradients, installstion of vertical and horizontzsl drging-
ge sysvems, pumping stations etcs

tat
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ianagement snd utilization of exidsting fioodinzs for a2z pure
nose of recreation or as storage reservoirz sroviddno vever
supply for industrial purposes.

4, Mining impact on underground and surface wgver connected
with acuifer drainage.

44%e ACtual water infiows To the mines.

Trhe average totai volumes of underground waters beirg drasined
due ©o excsvavions at the USCE broken into crenwpit sand eye
traction, zincwlead ore mining and coal mining are as fellowa:

~ open-pits for backfiliing sard extractiozn 2E500C m7sday
- zincelead ore mines 430006 my/dey
- agré cocagl mipes 990000 m”/day

Total 1 705000 ©”/day

upen sanl-plts are fed with fresh wabers mostly suitsble for
muzicipal utilization. Tae inflows to {he individusl pits
vary Irom & dozed or 80 %o about 100 n” per minute depending
apon the size of the pit, zining progress thaein as well
as upon local hydrogeologic conditionss

Wsters flowing intc zincelead ore mines are mostiy the Trias-
sic weters with genersgily low mineral coutent.

Due te Pissure - xarstic nature of the water bearing formz =
ticns the voiugpea of inflows are different, the greatvest one
of goout 200 m”’/mip being recorded at "Pomorzany” mine situ~
ated near (Olkusz.

4 large differences from several vo several dozen cUTic Do
ters per minute are also noted in the wabter inflows to the
variocus haré coal mines. The greatest volumes are observed
an the kines situasted in the eastern part of the USCE this
being due So the thick layers of strongly porous ané pele
msspie sapdstone of Uracow Szndstone Formstiorn ocouring ix
this regione.

442 Dresinage sffects.

Yinipe 4rsinsge results in partial or complete derletion of
stati¢ water resources ik the aguifer btelng drained within
the produced depression zope. Tae lmpact of dralnsge 18 cie
ten trercsferrei onbto other aguifers hydrauiiceliy ccanscvsed
%ith that peing 4rained. The general asffect therecof is mgniwe
fezted by the drop in wuatenary and Triassic watar level
wheredby wster suppiy vy farming wells and communivy inbekes
¢an De disturbed.

Tne exvent of the uminirg dreinage inpsct over the USCHE roe
Zicn nas beem gonerally well ipvestizetad, Hesuliting damage
iz counteracted by the development cf waler-pire netwcrk.
The costs of the latter are covered by the coiliery whicn
hgd zaused the dazege.

w
i
o
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Drap in Sne undergrcuni watay ievsl is Iregueuniy gocompanien
Yy zide~alifects af guecloglcwengineering nature, guch ez u*pm«”
oF finemprzined soils, sou-tnifcrn compeacting cf lovse s0il
shanges in coheistence of cchesive s0il ete, Such phbnumena
cause fregaenty danmage te .Llldings. They are hard to inveztie
gate and often ccntruvere.al in evalaation.

5. Discharges of saline waser from hard csal mines in the Upm
per Silesim Coal Basine

5«1 Minsrslizatior ¢f Carbvoaiferous waters et the USCB.

The waters occuming in tae Carboniferous formations exhibit
the mineral ccntent varying from severszl hundred miliigrams
to 250 grems per cuble cecimetre. The regulsr rise of mirera-
1izavzon with the progressing depth is obgserved over the who=
le USCB area, but tne gradient of wineralizatior incresse is
nos the same and depends maluly ou local lithologic—styustie
ral conditions determining the possibility of supply end cire
culagtior of undsrground watser.

Many-year hydrogecloglc and pydrochemical investigations bave
prover the occurence c¢f verticel stratificavion in the chemi-
stry of the Cgrioniferous wsiers marifested oy thelr minera-
lizaticu increasing and their chemigtry varying with the de=
pthe In general three zones car bte classified:

~ zcne of infiltration waters which are usuglliy freah and are
characterized by the minimal content dbelow 1. 5 g/dm”, diffem
rentigbed ionic composition as well as by distinct gredomi~
nation of calcium bicarbonates and caicium sullates over the
remaining salts,

- zone of mixea waters with nineral centent up t0 35 g/am’
being meinty of H00 -la, HCO ~(Ul~Na gnd 904-Cl—ha type, the
latter one tendlng oward Cléﬂe iype,

~ zone of relic waters with u.general minersl centenu vary;*f
from 35 to more tham 25¢ g/dm”y of Cl-is and Cl=li;~Ca %type.
The deptBs at which these zones are ocsurring in u¢e both nj—
dregeological wnits ¢iffer from ome another. In dirsctly
ter-recharged areg slightly mi eralJZQd waters (wm*n sa;t
concentration from 1 to 3 g/ém”’) ere meinly of nCO =G g-hig
anc Ci-HCO,~Na type and can be encounuared acwn Lo aooﬁ*

400 m, conéertlug inte Clelg +ype as the depth increuses. In
tiie restricted wster-vrecharged gree, slightly mirnerzlized wa~
ters cccur generaily at a derth aol excesding 100 @, telow
that depth pighly salined waters of C1-Wa type occur.

Hence the chemical compoesitior of wafbers f10w1no into the mie
nes depernds on the hyvdrogeologis comaitiors in the overburden
and aisc on the decth and development cf minea excavations
netwnrk a3 well as oa the wxnnlng duraticn perigd. It should
be emphusizeld thet tJe rinerglization of waters entering the
excavazions varies with the individeal phases of nining devee
iopment. In the flﬁqt stage cf entries Jdevalcpment egrd winni-
vg of sval bed, tha excavahions arsin water from static reso-
urces, whose mireraiizstion devenids in gensral 'ipoa the Yyve
¢f hydrocihenical zone belrg drained. As the winming progrese
ses The nctwork o excavations govs exteundsd and subssquent
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postmining fractures appear, Whereby the zone of active excha-
nge of waters is growing im depth and width. The hydraulic
contacts development is also controlled by the tectonic struc-
ture of the rock mass since the mining operations often inm
crease water conductivity of the fault fractures and associa=
ted joints network.

542+ The present and anticipated salt loads in mine waters

According to the data for the year 1980, the natursl .h:f.low5
to the mines situated wi‘chin3the USCB totals asbout 960000 m”/
day, of which about 735000 m”/ day;comes within the Vistula
river drainage basin and 225000 m”/day ~ within the Odrs ri-
ver drainage basin., According to the degree of mineralization
the waters were elassified into four groups.

Water shares in the separate quality clessification groups
are presented in Table 1.

Table 1

Volumes of waters pumped from hard cocal mines broken into cla-
sgification groups.

Group ° Content of ‘Volume of
Cl™ + 504 pumped water Percent
ks/m”

I 0,6 : 427 45
II 0,6 = 1,8 2%2 24
III 1,8 = 42,0 278 2
Iv 42,0 23 2
Total - oL 100

The volume and mineralization of water pumped out hard cosl
mines vary with the individual river basinse.

Table 2 shows the volumes of water ard their sslt load being
drsined from the mines to the rivers ower the USCB territory.

Zable 2

Salt discharges in mine wsters shown for Odre and Vistula ri=
ver dreinsge basis.

Basib Average . volume of  Average NaCl NaCi
of: lo ow mi eivqat.er content charge
102n7/day 10”m°/day  kg/m> t/day
Odra River 1800 225 1243 2780
Vistula River 2350 735 S92 3887
Total 415C A Y 6,9 8667
560
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Note: The Odra river flow was measurad down Kiodnics river
outlet whereas the Vistula flow wae measured at Oswiecinm,

The forecast on the inflow and mineraiization of mine waters
wag prepared in 1982 on the basis of anslysis of relevent do-
Zumentatvion obtained from individusl mines., According to its
conclusions for the major part eof basins the volumes of wawm
ter flowing into the mines up to the year 2000 would not be
significantly changed but the water salinity will increase
thereby rsising salt load in mine waters.

In Odra River Basin the water inflow to mimes will rise by
about 16,000 m”/day and the average concentration of3Cl"ion
and the salt load will be increased by about 15 kg/m” and
3589 t/day, respectively. In the Vistula River basin the pre=
sent values of water inflow, average concengration of Cl%ion
and salt charge will rise by about 34 000 m“/day, 7 ke/m

and 8890 t/day, respectively. The shere of IV group-water in
the cumulative inflow bto mines will rise from 2 to 15 percent,
but on the other hand the share 6f I group=-wabter will drop
from 45 bo 26 percent. The shares of waters classified into
the II and III groups will also increase.

5¢3. Social and economic effects of saline contamination of
the rivers.

The pollution of main Polish rivers with seline mine waters
results in the degradation of natural water habitat. No ad-
véntege can be taken of rivers in water supply for municipal
and agricultural purposes., The industrial plants supplied wi-
th river water incur tremendous costs of its treatment, inew
stimable losses are suffered caused by increased corrosivew
ness of polluted water and many other adverse phenomena are
observed,

Saline mine waters being discharged into rivers contair large
amounts of valuable raw materiagls such as sodium chloride as
well ae iodine, bromine, potassium and magnesium saltse. These
substances are irretrievably lost, bubt on the other hand the
copstriction of new gsalt mines is being planped for the needs
of chemical industry.

To illustrate the scale of the problem some figures are gquoted
below. Water for cooling and drinking purposes is taken from
Cdrs and Vistula river by 26 and 31 ilndustrisl plants, respec-
tige;y. The total consumption pf Odra kiver water is Oéc 3
10%:’/day whereas that from Vistula River is 17,3 x 107 m-/c2ay.
According to its final destination the river water 1s freec
from suspended matter, decarbonized and often subjected Fode~
mineralization, thg latter process covering about 5,7x10 mj{
/3osr and 157 x 10°m’/year of water from Odra and Vistula ki
ver, respectively. According to current estimetions failure in
protecting the rivers against salinity will result in abous

0 millierd zloty costs being incurred every year for the trew
etment of Vistula and Odra River waters at the end of the

1950 Se

~ack of solution te the problem of dischsrge or utilization of
saline mine waters raises & serious obstacle for the develoy-
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ment of mining at the Upper Silesis Coal Basin. For example,
the construction of new coal mines in the so calleé Visgtula
region is a% present impossible,because of aboundance of bra=-
ckish waters accompanying coal beds in this area. In connece
tion with the above, large inflows of saline water to any fu-
ture coal mines are expected.

Se4. Implementztion of, and anticipated methods for,proteote
ion of rivers against salinity.

On the basis of technology worked out at the Central Mining
Institute of Katowice, the Mine Water Desalination FPlant was
installed at the "Dgbiehdske"™ Colliery. The Plant has been ope=
rating for ) dgzen or s0 years and it processes every day abo=
ub 2,4 x K7 m” of water taken from the "Debiefisko" Colliery
and produces salt and pure watere )

The progrumme now under implementation provides for the con~
struction ofs

~ 12 desalination plants intended for the utilization of sali-
ne waters being discharged imto Vistula and Odra River,

~ intercepting collectors om OIlza and Kilodnica River and two
dosing storage reservoirs with storage capacities of 8 und
16 million m” for hydrotechnical protection of Odra River, 3
«~ "Bojszowy" reservbir with a storage capacity eof 1 million m
and "Vistula" intercepting collector for hydrotechnical protee
ction of Vistula River,

Investment outlays for meeting the targets as foreseen in the
above programme figure out about 120 milliard zlotys. The eco-
nomic effect of the progremme implementation is estimated atb
about 11,5 milliard zlotys per year which should provide for
the outlay refund within 11 yearse

The implementationm of the programme will result in significa—
nt improvement in the quality of surface water but it will
not provide full protection of rivers against salinity. In
particular, the postulated water guality standards will not
be met for Odra River up-stream Glogdéw losality, for Vistula
River over the section from Dunajec River outlet to Warsaw
and for Czarna Przemsza River,

Despite of the implementation of the programme the costs of
treatment ¢f water takem by imdustrial plants from Vistula
River will amount to 44,4 milliard zlotys per year whereas
the fines paid every year by the coal industry for dischar-
ging saline water into rivers will amount to about 14,3 mile
liard zlotyse

To ensure an effective protection of rivers sgainst sallmity
a full utilisation of saline and moderately saline (III and
IV group) waters is proposed., This solution will call for the
construction of 64 desalinstion plants, € concentration pla=
nts and one heating plant of about 1400 MW capacity, either
nuclear or fired with a smokeless fuel.

The imvestment outlays for the implementation of the above
concept concerning full utilization of waters belonging to
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the III-rd and IV-th group are estimated at about 350 milliard
zlotyse

The economic effects of operation of the above mentioned plan~
ts consisting in the dales of produced salts and elimination

of demineralization of water taken from Vistula and Odrg River
by industrial plants is estimated at about 60 milliard zlotys
per year which ensures the repayment of the investiment outw
lays within less than 5 yearss

Addlitionszl economic effects of implementation of the above con-
ception will consist ing

- renunciation of the construction of new salt mines,

« saving of steel consumption due Vo the reduction of corrosive
ness of river waters,

- saving of hydrotechnical building work under the "Vistula"
programme due to the reduction of corrosiveness of water agaw
inst concrete,

- protection of natural habitat in rivers,

- retaining of suitability of water for irrigation purposes.

6¢ Environmental effeets of dumping the minewspoil on the la-
nd surface,

In térms of qualitity the hard coal mine-spoil c¢oanstitubtes the
largest group of industrial waste im Poland. The contaminstion
of underground and surface waters by substances beilng lsached
out from dead rock coming from the coal mines and dumped on
the surface causes very serious problems at the Upper Silesha
Coal Basin. Said contaminations, kncwn as "local pollutions"
are hardly controllzble among others beciuse of lack of homow
gengity of the materiale. The importance of the problem is bo=-
rpe out by the fact that the Carboniferous spoil produced at
the USCB in 1975 constituted more than 42 per cemt of the to-
tal industrial waste recorded in Polands .

The present level of utilization of the Carboniferous spoil
at the USCB is gbout 21 per cent, The remaininpg part thereof .
is directed to about 100 local dumping grounde close to colli-
eries and to 5 central dumping grounds both of sublevel (31%)
or overlevel (48%) type. These éumping grounds are dispersed
over the whole USCB area. The total spoil in absolute figures
is estimated gt about 80-9Q mil., tons in 1986, Their volunme
shows a growing tendency due to 5 gregter degree of mining
mechanization, expansion of mining areas, intensified output
from thin beds and deeper cleaning of c¢oal.

The present trend to remove the tips and Y0 expand the sublew
vel dumpings being more suitable for reclaiming and further
management intensifies the hazard of pollution of surface and
underground water. Such a situation results from the enlargee
ment of dumping sites on the one hand and from the contagt
with ground waters on the other hand this contact being sa=~
sier many a time., This i1s particularly the case when the exw
cavations with permeable base are filled with waste rock. The
actual trend of building large duupings from several dozen to
several hundred hectares in area intensifies the impact of
waste on the guality of underground- and surface waters wite
hin the dumping site,
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Until recently the impact of dumpings on the contaminstion eof
waters at the USCB wgs disregarded. It is since the recent
years that their increasingly contaminating effects have rew
ceived due attention in Poland and the potential impacts of
dumpings to the water quality have been taken into conside=
ration in their siting. Research work was commenced and its
results were presented in some publications /e.g. Libicki
(1977), Twardowskas (1981), Herzig and al.(1986), Szczepali=-
ska, Twardowska (19873/. It is from these publications that
the dabta as given herein are taken. )

Taking into consideration the annual production of coal miw
ne spoil in the USCB and the mean sulphate production esti-
uabte abt the rate of 20,8 g/tonne of spoil/day the total anw
nual sulphate production in the spoil deposited within the
tivs has been found to amount some 740 000 tonnes SO,/years
The annual chloride load has been estimated to6 be abdut

65 000 tonnes/year. Also the heavy metals which are present
in spoil in trace concentrations, are the essential factor
of water contamingtion in the vizminity of tips.

The basic processes occuring im the course of chemical and
biochemical decomposition of the sgoil as well as during its
leaghing by atmospheric precipitations and underground water
includes

- oxidation of ivon disulfides (pyrite, marcasite), :

= neutralization of sulfuric acid being formed due to the
buffering sbility of the spoil as well as the removal of the
products of sulfide oxidation and neutralization beyond the
system,

- dissolution and leaching of carbonate minerals,

= ion exchange,

- digsolution and leaching of chlorides.

At the same time micro-componemts are being leached including
those of heavy metals exhibiting a high degree of toxicity
for the aqugtic emvironment.

Of the chemgcal componente leached from the coal spoil, chlo-
ride ions are most important because of their high mobility.
As 0 the origin of the presemce of saline waters in the
Carboniferous limmic formation of the USCB different opiniow
ns have been published by the authors interested in this pro-
blem., This guestion is the subject of a special paper publie
shed in this volumed

As to the scale of water contamination caused by coal mine
spoil tips we camn use the example of the Smolmica tip in the
USCB. The data referring %o this example have been recently
published by Szczepafiska and Twardowska /1987/, who carried
out long~term investigations of wabter guality in the viciniw
ty of this tip.

The mentioned authors have come gmong others to the follow
wing conclusionse "Total dissolved solids concentrabions in
waters beneath the tip have increased from & to over 14 tiw
mes, in comparison with those in adjacent natural waters
flowing towards the tip on its uphill side, Sulphate concen~
trations increased from 41 to more than 33 times, and chlow
ride content from 2,5 to over 25 times, The chemical type of
water changed from HCO,= Caw Mg for natural waters flowing
towards the tip-to 80,7~ Na or S0, = C1 _ Na in waters benew
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. ath the %ip. The quality of mnatural waters flowing towards
the tip fullfill the standards for tap water, water gquality
in draginages, water-courses and ponds below the tip exceeds
not only the standard limits for {ap water, but also the staw
ndards for the lowest guality class for the inland waters,"
As to the distance from the tip in which the contamination
can be observed no detalled data are available by now.
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