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COAL MINE SPOIL TIPS AS A LARGE AREA SOURCE OF WATER CONTAMI-
NATION
Je SZCZEPANSKA 1 and I, TWARDOVSKA 2

1 University of iiining and Metallurgy, Inst. of Fydroveology and
Engineiring Geology, 30—059 Cracow,41, Mickiewicza 30 / The
Poland

2 Polish Academy of Sciences,Inst. of Environmentsl Engineering
41-800 Zabrze, M.Sklodowskiej- Curie st.34 / The Polsnd/

SUMMNARY

The scale of negative effects coal mine spoil tips on the wa-
ter environment in the vicinity of the tip has been exemplified
on the result of lonu~terﬁ investigations of the active Tip
Smolnica situated in the ares of the Upper Silecian Coal Basin
/ Polznd /.
The problem have been presented on the basis investisations of
surface and underground water quallty in the v1cln1ty of the tip
against the backsg round of dynamics of soluble solids leaching
from coal mine spoil deposited on tire tip ané chenical composi-
tion of pore solutions in verticel cross - section of the tip.
The results of chemicel analyses of pore solutions and effluents
from the tip as well as investigations of underground and surfa-
ce water have proved the nezstive chengzes of water quality in
consequance of tip impsct,

INTRODUCTICN

Coal mine spoils have @ negative effect upon the aquetic envi-
ronment in the vicinity of the tips in consequence of the soluble
substances leaching. The problem of water contamination as a re-
sult of cosl mine spoil deposition is at moment importance, as
these spoils are the biggest by quantity group of industrial so-
1id wastes in Poland. About 60 mln m’ of spoil are produced annu-
aly from undersround cosl mines in the Upper Silesisn Coal Basin

/ USCB / in Poland.

The deposition of so great quantitys of spoils on the limited
area and frequently on a permesble bedrock, will csuse the in-
creasing threst of water environment contamination by the solu-
ble compounds leached out from the spoil. Among these substeances,
the particularly negative effect is caused by the chloride leag—
chipng as well as by the oxidation of iron sulfide minerals and
the subsequent hydrolisis of the reaction products to form ascidic,
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hizh sulphate and high iron and hesvy metal drainsges.

Tagking into consideration the annual production of coal mine
spoil in the USCB snd the mean sulphate production estimated at
the rate of 20,8 g/tonne of spoil/dsy the totel annual sulphate
production in the spoil deposited within the tips has been found
to smount some 740 000 tonnes SO4/ year.

The annual chloride load deposited on the tips has been estima-
ted to the be about 65 000 tonnes/year.

4lso the heavy metals which present in spoil in trace concentra-
tions, are the essential factor of water contamination in the vi-
cinity of tips.

The scale of the water contamination caused by coal mine spoil
tips has been exemplified on the result of long - term investiga-
tions of water quality in the vicinity of the Smolnica-tip /USCB,
Poland /, against the background of dynemics of soluble compo-
unds leaching from coal mine spoils deposited on the +tip.

MATERIAL AND METHODS
Object of investigations

The active spoil tip Smolnica covers st present some 60 hec-
tares and has situsted in the valley of the Bierawks -river
/ Pig.1/.

The construction of the tip proceeds towsrds the river bed accor-
ding to the direction of the surface run off and ground water
flow, In the foundation of the tip occur the permeable sand.

Spoils heve been deposited since 1965 in two layers, each
about 10 m thick. They have been discharged from the carbonife-
rous strata of group 300 and 400, those being in Westphalien 4
and the upper Nemurian C series, The spoils consists mainly of
claystones / 79,5 %/, mostly of kaolinite - illite - sericite
type. '

The permeability to water of the spoil is generally high and
ranges from 2,47 . 107% u/s to 1.28 * 1072 w/s depending on the
position in the cross—cection of the tip.

Chlorides in freshly produced spoils are present in mean con-
centration 0,057 C1~. The mean total sulphur content is 0,90 %
Sie The sulphur is distributed as iron sulphide /o,817’osp/ and
in small amount ss organic sulphur and in the form of sulphates
/ 0,009 % 8504 /.
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Fig.1.Hydrochemica1 map of the investigated area.Smolnica c¢oal mine spoil tip-Upper Silesian Coal
Bssin,Poland, 1=-Smolnica tip,2 = river and streams.Sites of waters sampling: 4,B,C,D = streams /N/
above the tip; 1,2,3 - ponds /W/ below the tip; 4,5,6,7 - streams /S/ below the tip; 8,2,10,11,12-

effluents from the tip; SW-1 = prospecting - shaft /pore solutions/.
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The sulphide reactivity in the zerstion zone of the tip has been
described by the constant of sulphate production rg=0,210 meg/eq
G, « day, where G, - the pyrytic sulphur content in the spoils
lea/t/.

“he spoils are low-buffered /é:buf. =0,71/,s0 they are pre-
disposited to turn acidic. The carbonste minerals are mainly
sideroplesite and minor quantities of calcite and dolomite,
Trace concenbrations of the heavy metals: zinc, copper and lesd
are also present.

Samplins and investization methods

Dyraumics of soluble components leaching from coal mine spoils
has been observed in situ as e function of the age of spoils.

The spoile in the outer, 100 cm thick layer of this tip of va=-
rious age since the moment of deposition / O - 12 years/ have
been sampled., The soluble components have been derived from the
spoll by means of the successive %-time repeated standard water
extractions of 1 ¢ 5 / rock: water/.

The chemicsl composition of the pore solutions in the verticel

cross—section of the tip have been analysed too. The samples for
investigation of pore solutions were tskins from the prospecting
shaft / Fig.2/ about 11 w deep. The upper parts of profile up to
the depth of 7,5 m contained spoils deposited 10 years ago. The
spoils in the bottom part were 15 years old.
Spoil of nztural moisture content have been sampled every 0,5 m.
From these samples the pore solutions have been extracted using
pressure method / ref.41 / 2nd concentrations of major ions have
been determined.

The changes in hydrogeochemical conditions in the vicinity of
the tip have been observed by comparing the chemnical composition
of the adjscent natural waters flowing towsrds the tip with the
vister quality below the tip; dreinsges ditches, effluents frowm the
tip, ponds, streams / Fig.1/. The chemical composition of the wa-
ter samples have been analysed by standard methods.
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RESULTS
Dynsnics of soluble components leaching from the outer layer

of the %tip.

Spails of verious aze / from O to 12 years/ sampled from the
outer layer of the tip / O -~ 1 m / reveal a very high dynamics
of chloride leaching.The rete of chloride removel was found to

range 80 % just in the first yesr after deposition / Table 1/.
In the following yesrs chloride concentrations show only negli-
gible changes, High susceptibility of chlorides to leaching off
is the result of their occurence in the liquid phase i.e. in po-
re solution infilling the carboniferous rocks / ref.2 / as well
as the consequence of the lack of equillibrium limitations,

The dynanics of sulphate leaching showes the diffrent charac-
ter.The sulphate concentration in the spoils is a resultant of
two processes: the sulphate generation by the action of iron
sulphide oxidation and the sulphate leaching by infiltration wa-
ter.

On the analysed tip during the 5-6 years long period, after spoil
deposition, constant incregse of sulphste concentration in spoils
have been observed / Table 1 /. It indicates the predominance of
production over the leaching off process. In the following years
the tendency of sulphate concentration decrease in spoil is mar-
ked, It evidences a gradual sulphide depletion in the spoils.

At the same time, the spoils, become acidic in reaction just in
the first yesr after deposition / pH.3.3 - 3.7/ in consequence

of their low bufferinsg capacity.

The major component of the freshly produced spoils are chlori-
des / Table 1 /. After a lapse of a year, the dominznt anions
become sulphates. In the period from 41 to 6 yesrs after spoil de-
position, the sulphate concentration in the outer layer of the
tip renges from 160 to almost 500 % of the initisl content in the
freshly produced spoils.

The results of field investigetions of the dynamics of the
spoil leaching imply thet the risk of contaminstion of the aqua-
tic environment by chlorides is determined by the annual load of
chlorides deposited on the tip together with coal mine spoils.

The hezard of water contamination by sulphates is defined by
the total quantity of spoils filed in the aeration zone of the



Table 1

Retention of chloride, sulphate and total dissolved solids in the spoil deposited
on the Smolnica tip

Approx. age | Depth of Chloride as Cl Sulphate as soh Total dissolved solids
of tip sample from | pH /dry weight/ /dry weight/ DS /dry weight/
at sampling | surface
point /cm/ % chloride % sulphate % TDS
/years/ content of content of content of
g/t fresh g/t fresh g/t fresh
wrought wrought wrought
spoil spoil spoil
Fresh
wrought 7,90 | 531,1 100,0 281,0| 100,0 1462,0 100,0
spoil
12 0 - 20 3,33 | 70,5 13,3 450,0 |  160,2 725,8 49,6
70 = 100 6,06 | 101,0 19,0 722,9| 257,% 1214,5 83,1
3 0~ 20 3,59 70,5 13,3 452,5 165,4 775,6 53,0
b6 0 - 20 3,75 | 88,2 15,5 658,6 | 234,3 1004,9 68,7
10 = 12 0 - 20 3,38 | 72,8 18,7 278,9 99,1 489,6 33,5
70 - 100 6,20 | 86,9 15,3 1M43,2 |  406,8 1700,8 116,3

€LE
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tip in the condition of a relatively free acces of oxygen.The to-
tal surface area of the tip is grest importance too.It decides

of the quantity of leaching water, and of the size of the outer
layer of tips where the conditions for generstion of soluble
components and their leaching off are the best,

Chemical composition of pore solutions in the aeration zone

of the tip.

In the vertical profile of the prospecting-shaft SM-1 /Fig.2/
the distinct differentiation of the chemical composition of pore
solutions has been marked. It has been caused of the two-layer
construction of the tip body. The highest concentration of sul-
phates and total dissolved solids in the pore solutions occurs
on the contact of the upper 10 years 0ld with the lower 15 years
0ld spoil layer i.e., on the depth of about 7,5 m.

Total dissolved solids concentration is there as high as 24 300
mg/dma. Sulphates have been present in concentrations 16 500 mg/
de. Pore solutions are of SO4 -Na-Mg type.Up the profile of the
upper layer, the concentrations of dissolved components gradually
decreased, Chemical type of pore solutions changes from 804- Mg
in the layer 5,0-1,5 m to SO4 - Mg- Fe in the most washed out
outer layer 1,5 - O m, In this layer also the highest acid poten-
tial of spoils and the lowest the buffering capacity has been
recorded,

The impact of the different period at spoil deposition has
been marked in the lower 15 years old layer of spoils by the
decrease of the total dissolved solids to the level of 13 000 mg/
dm}. It has been caused by the partial, substantial washing out
of this layer before the deposition of the upper spoil level.On
the other hand the chemical type of water SO4 - Na ~ Mg remains
the same,

In the whole profile a very low chloride concentrations amoun-
ting to 70 mg/dm3 C1~ have been observed.

The concentration of this ion in the pore solutions extracted
from freshly produced spoils have been found to be about 7000 mg
/3n? Reduction of chloride content which accounts for about 99 %
has been the result of the multiple washing out of the spoils in
the whole analysed profile and the high dynamics of chloride
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leaching.

The observed increase of dissolved components in the vertical
profile of the tip is a consequence of the influence of two fac-
tors, i.e. a vertical redistribution of szlt loads / ref.3 / and
a various degree of washing out of the each particular spoil la-
yer in the profile of the tip body. The extent of vertical redi-
stribution of dissolved component loads is limited by the geo-
chemical constrains imposed by equillibrium conditions.Chlorides
redistribute the most intensive because of the lack of equilli-
brium limitations within the observed range of concentrations.
The rate of verticel redistribution of sulphates depends on the
buffering capacity of spoils conbtributed by calcium carbonates,
which limits a sulphathe solubility to the level of equillibrium
with gypsum. '

Because of the low buffering capacity of spoils analysed, the
equillibrium limitations has a little effect thus the vertical
redistribution of sulphate loads is significent.

Besides of the vertical redistribution loads process,the che-
mical composition of pore waters in the vertical profile of the
tip isinfluenced also by the different dezree of washing out of
spoil layers in the verticel cross-sections of the tip body, de-
ternined by flow rete of infiltration wster., For the anaslysed
tip, the period of one-fold washing out including trensport of
contaminants leached off from the outer layer of the tip by per-
colating water to the waters beneath the tip toe, lasts some 5
years. In this period the outer layer 1 m thick will be washed
out about 20 times. The changes of chemicel composition of pore
solutions in the vertical profile of the tip have reflected the
different 235¢ of infiltration waters, In the lower part of profi-
le waters of the chemical composition corresponding to the
erlier stages of leaching process are present.,lt is testified
to the occurence of sodium ions. In the upper, outer layer so-
dium is vreplaced by iron and hydrogen ions.

Chemical composition of underground and surface waters in the
viginity of tip

The results of anzlyses of drainages from the spoil tip as
well as investigsetions of the adjacent under ground and surface
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Table 2

Chemical composition of pore waters extracted from the spoil deposited on the Smolnica tip
and surface and underground waters in the vicinity of this tip

the tip

7ot = 8,2
_t_'7;_7..|_

6457,8 - 1%236,8
1 ’

742,0 = 5886,5
,8

Type Location of sampling Total dissolved Chloride Sulphate
of waters | points pH solids content content content
TDS c- 30 2
3 3 e
/mg/dm”/ /mg/dm” / /mg/dms/
Prospecting-shaft SW-1 | 4,0 - 5,2 | 4162,4 - 24287,5 | 84,8 - 931,8 (2829, - 16510,8
= 1y & [ o=
Pore /10—}’631‘5 old SpOil/, 5,0 135)3,9 7,‘3 9)39,0
solutions iNng= SMe—
olutio Frospegting=shaft SM=1 | 4,6 - 5,2 | 12249,2 - 22854,0 | 129,5 = 1276,2|8490,6 = 14511,5
/15-years old spoil/ 5,0 1627549 h94,1 10880,9
Under- Prospecting-shatt SM-1 | 7,0 - 7,9 | 2610,5 ~ 3637,4 148,4 = 168,2 |1787,3 = 1799,3
ground 10,43 = 11 m/ 7,5 3%2%,0 158, 3 1793 ,3
waters
Fresh Streams /N/ A 123,6 = 363,3 23,1 = 34,4 50,0 - 131,7
waters | above the tip 4 228,86 29,2 100, 4
Surface i) 6 6 L Lyl
Ponds below | 7,6 - 9,3 | 3693,3 - 4929,8 3 - 172,0 |133,9 - 2708,9
waters < the tip —'-W‘—’ ——-ﬁ;—;zrj——‘—, —‘—1-21;5—'—, —WT—J_,
£n Streams /S5/ 5,8 = 7,9 | 5755,9 = 8128,2 | 153,7 = 845,1 |3045,1 = 4450,4
5 5 248 = 752 .1.21.2__:_ —L_'i_—"_ __%6.6_5:__4_
8 below the tip 7o 7230,8 591,2 29
° .
m g Effluents from

3856;6 = 6341,2
14

9Lg
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waters have proved the nezetive changes of wster quslity in
consequence of tip impact. / Table 2, Fig, 1 - 3/.

Total dissolved solids concentrations in waters beneath the tip
have increased from 6 to over 14 times, in compsrison with %those
in adjacent natural weters flowing towards the tip on its upnill
side,

Sulphate concentrstions increase from 41 to more than 3% times,
and chloride content from 2,5 to over 25 tiwes.The highest fluc-
tuations of chloride content have been observed in zdjecent wa-
ters beneath the tip. It corresponds with the degree of wsshing
out the spoil on the particular parts of the tip of different
age according the dynamics of chloride leaching.

In the adjscent waters beneath the tip /an its the downhill
side/ the distinct increasse of heavy metals, mainly copper, zinc
and lead have been observed, too. / Table 3 /.

The chemical type of waters changes fronm HCO5 - Ca- lig for na-
tural waters flowing toward the tip to SO4 - Ne or SO4 - Cl - Na
in waters beneath the tip.

Natural waters quality flowing towards the tip fulfill the
standards for pot water. Water quaslity in drainases, watercourses
and ponds below the tip exceeds not only the stenderd limits for
pot water, but also the stsndards for the lowest III quelity
class for the inlandé waters.

CONCLUSION

On the basis of the studies and long-term investizations of
coal mine spoil +tip Smolnica / Upper Silesian Coal Basin / has
been concluded:

Coal mine spoil tip are found to be the serious source of con-
temination of naturel underground and surface weters in the vi-
cinity of the tip.

In the studied area the wéters, yielding over normstive amo-
unt of dissolved matters, sulphates, chlorides and heavy metals.
The pollution is due to leaching of soluble matters / chloride,
sulphate and heavy metal / in the process of percolation of pre-
cipitation water through the spoil deposited on the tip.



Table 3

Heavy metals content in the spoil deposited on the Smolnica tip and in the waters
in the vicinity of this tip /Approx. age of tip 7 - 16 years/

Parameter SPOILS WATERS  /Content - mg/dm3/
Content - t
/ g/t/ Fresh waters Polluted waters,drainage ditch from the tip,

Stream /N/ Ditch W Ditch S

above the tip

min max min max min max
Chromium - Cr 50 0,00 0;09 0,00 0,10 0,00 0,10
Nickel - Ni 60 0,00 0,78 0,11 0,45 0,11 0,80
Copper - Cu 30 0,00 0,001 0,00 0,99 0,001 1,03
Zinc - Zn 50 0,00 0,11 0,10 2,70 0,30 1,89
Cadmium - Cd — 0,00 0,001 0,00 0,02 0,00 0,05
Lead - Pb 14 0,00 0,10 0,00 1,07 0,00 0,80
Cobalt - Co 80 0,00 0,25 0,06 0,12 0,05 0,08

6L%
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On the tip with high permesbility of spoil generation and
lesching of soluble solids have been observed in the full profile
of gerction zone,

The weters percolete through the spoil tip becaming saturated
with soluble components., Chemical composition of infiltrstion
waters in the vertical profile in the aeration zone of the tip
is a consequence of influence of two factor:
verticsl redistribution of salt loads and a verious degree of
vigshing out spoil layer in the profile of the tip body determi~-
ned by rate flow of infiltration water.

According to dynamics of chloride leaching from the spoils
the risk of contaminztion of the weter environment by chlorides
is determined by the ennusl load of chlorides deposited on the
tip together with cosl mine spoil.

The water pollution by sulphates is defined by the total quan-
tity of spoil in the aeration zone of the tip in the conditions
of eir penetrstion, to the spoil, which is a factor limiting sul-
phide oxidation,
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