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ABSTRACT 

The Po\ver plant Tuzla is located \Vi thin the area of Kreka Coal Basin. The power plant capacities 
are 780 MW, with a coal consun1ption of 4,900,000 t/year, and the specific production of slag and 
ash of 0.4 1113 /MWh, on average, i.e. around 1, 700,000 111

3 of slag and ash is produced a year. 
The underground tnines "'Bukinje" and "Dobrnja" are located within the area of existing and 

anticipated slag dutnps. Depending on the developtnent dynmnics of tnining \vorks and slag 
dumping, it con1es to close contacts between tnining \vorkings and the slag storage areas (slag 
dutnps). Because the slag storage area is located above the n1ining \vorkings, it results in an 
intensified hazard for the tnines which reflects in the following ways: 

- intensified inflo\v of \Vater into the mines, \vhich is infiltrated fron1 the slag 
dtnnps; 

- potential outburst of \Vater and slag in the tnines with co11apsing of the roof 
layers; 

- deterioration of the physical-n1echanical characteristics of the roof layers due to 
the presence of water, 

\vith Jnany follo\ving effects. 
The work elaborates the \vay ho\v to adapt the slag dun1ps to the tnining works, in a view of 

safety, prevention against \Vater outburst and hydrogeological aspect of protection against pollution 
of underground water by the pollution tnaterials fron1 the slag dun1ps. 

GENERAL GEOLOGICAL AND HYDROGEOLOGICAL CHARACTERISTIC OF THE 
DUMPING AREA 

Slag and ash dumps frotn the Power Plant '""Tuzla" are located within the Kreka Coal Basin. This 
coal basin was fanned in lower Pliocene at the southen1 outskirts of the Panonian Sea. Frequent 
changes of the sedin1entary conditions resulted in specific lithostratigraphic relations in the basin and 
cyclic changes of various lithologic units. Cyclic deepening and shallo\ving of the seditnentary basin 
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resulted in replacing of the deeper water seditnents (clay) with sedin1ents of the shallo\v basins 
(sands), with a characteristic hutnid phases in the process of fom1ing of the coal deposits. 

In principle, there are four tnajor phases in fanning of the four coal semns, \vith clay in the roof 
and sands in the floor. This principle schetne \Vas locally disturbed during the phase of forn1ing of 
the fifth sean1, partially due to the absence of clay or sands. Clay is tnainly greasy and tnixed \Vith 
tnarl, grey-green coloured. Sands m·e of various granulon1etric features. In the horizontal levels, the 
sand grading is heterogene, \vhile in the vertical section, as a general rule, big sized sands are closer 
to the coal sean1 floor and stnall sized sands are prevailing in the sections a\vay fl·on1 the floor. 

Frotn structural-tectonic point of view, there is tnainly occurrence of cotnpressive forn1s without 
faults. The entire basin has a shape of a con1plex synclinoriun1 \Vith a lot of secondary synclinal and 
anticlinal structures. 

Up-to-date hydrogeological research show that water-bearing sands, located in the coal sean1 
floor, are the basic hydrogeological structures \Vith a significant accun1tllations of water. These 
hydrogeological collectors are separated by the in1pervious sean1s (hydrogeological insulators) such 
as clay and coal. Thus, it is identified presence of five separate \vater-bearing semns 
(hydrogeological collectors). 

C01nprehensive research is canied out up-to-date, especially in the sections of basin where the 
active exploitation of coal is taking place. Furthennore the spatial, hydrogeological, filtration and 
hydrodynmnic features of the vvater-bearing semns have been explored, since they are a basis for 
design of de\vatering n1ethods and systen1s. A detailed presentation of these relations is given in 
son1e of the previously published works (4th IMWA Congress-Austria) and it is not the subject of 
this work. 

Illustration of the interrelation between the lithologic units is shown in a characteristic section. 
(Figure 2.) 

DUMPING METHODS AND CREA TlON OF SLAG DUMPS 

Slag and ash are inevitable products of the Po\ver plant production. The slag specitic production 
depends on a nutnber of factors (quality of the coal, technology of cotnbustion, etc.). The slag 
production in the Po\ver Plant-Tuzla is bet\veen 0.3 and 0.4 111 /I MWh, on average. For the existing 
capacities of the Power plant of 780 MWh, and the annual coal consun1ption of 4. 9 tnillion of tons a 
year, it con1es to the atnount of 1. 7 1nillions of 111~ a year (I 660 111~ per day). The dun1ping sites are 
located in the sunounding valleys) but son1c of the constraints are to be n1et. One of these constraints 
is to bring this action in conforn1ity with the underground n1ining \Yorks in coal, located within the 
area under the influence of slag dutnps. 

Transpo11 and dun1ping of the slag and ash is carried out hydraulically, thus the suspension of 
water-slag-ash is brought into the sedi1nentary ground. Ratio water and solid phase is 11: 1 ( 15: I to 
7; 1)., thus around 37 111~ /n1in of \Vater is used in the open systen1 of circulation. Surplus of \Vater 
tron1 the dutnp overflows and en1pties into nearest water flows, i.e. river Jala. 

Prior to creation of a dun1p at chosen site, has to be built an earth dan1, of height up to 12 n1eters. 
After that the area \Vithin the dan1 is being filled \vith slag and ash, \Vith drainage of the surplus 
\Vater. During this phase the dutnp presents a water accu1nulation (hydrotechnical object) with an 
intense process of seditnentation of the solid 1naterials. When the area is filled up to the top of the 
dan1, the dutnping process shifts to another, previously prepared site, and \Vithin the first one 
drainage and consolidation process is then taking place. This n1ass of slag and ash is porous, with a 
void ratio n = 0.56, and with a filtration coefficient of k = 2,5 x I 0 -.5 111 I sek. 
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After the drainage and consolidation phase is cotnpleted, an earth dan1 is being built for the next 
stage of dun1ping. Overall eventual height of such a dutnp is up to the spot height 282 111 (initial spot 
height is 225-230 n1). 

The water assutnes a nutnber of pollution tnaterials fron1 slag and ash, and carries that further, 
both to the surface water tlows and infiltrates into the sub-surface collectors and tnining \vorks. 
Here is an outline of son1e of the n1ost detrin1ental paran1eters: high pH value, high content of 
sulphates, hydrocarbonates, calciun1 and n1agnesiun1. It is itnpottant to etnphasise a high content of 
heavy n1etals: lead! cadn1iutn, tnanganese, chro1niun1 and nickel, and possible occurrence of 
radioactivity, which is still not confirn1ed definitely. 

CHARACTERISTICS OF THE UNDERGROUND COAL EXCAVATION 

The shallow parts of the Kreka coal deposits are exploited by the surface tnining n1ethods. Deeper 
coal deposits are excavated by underground n1ining. 

Slag and ash produced in the Po\ver Plant-Tuzla are dun1ped. in the slag dtunps located in the 
valleys of the strean1s flowing over the deeper parts of the deposits. Underground coal excavation 
under the slag and ash dutnps is related to the tnines "'Dobrnja" and "'Bukinje". The slag dmnp 
"Divkovi . i" is located at the boundaries bet\veen these two mines, and the slag dmnp "Jezero" is 
located at the eastern outskirts of the n1ine "Bukinje" (Figure I ). 

Lignite tnines '"'Bukinje" and ''Dobrnja" were opened with an incline fr01n the surface, level 227 
n1, to the horizon at the level 40 tn. Developtnent works "''ere con1pleted with the tnain gate, oriented 
to the strike of sean1s, located at the level 40 n1, and the ainvay, at the levels II 0 111 and 160 111. 

Haulage systen1 includes chain conveyors in the panels and belt conveyors in the n1ine fields. 
Haulage of materials frotn the surface to the panels is carried out by the hanging rail, containers and 
diesel hydraulic hanging locotnotive. The ventilation of the tnines includes the axial-tlo\v fans 
located in the airways. De\vatering is perforn1ed by the centrifugal pun1ps located in the putnp 
stations at the lo\vest tnine horizon. 

Room and pillar n1ethod is used in the tnines with blasting and caving of the roof layers ( Figure 
3.). 

Mined out areas (cavities of 7 x 6 x 6 = 252 111 3
) are filled by caving of the iin1ediate roof. The 

roof of the sean1 above the stapes collapse, both without control (\vithout blasting) and with control 
(with blasting of the in11nediate root). 

Within the area of slug dun1ps two or three coal seatns are being excavated, with thickness 
between 7 and 17 n1. The overall thickness of the sean1s excavated \Vithin the slag and ash du1np 
areas is between 19 and 26 n1. 

The coal recovery ratio is around 51 o/o, \vhat causes the subsidence of the terrain beneath the slag 
and ash dumps in the final phase of consolidation for 7.5 to ll 111. 

There are two phases of the roof subsidence process: 
- phase of the in11nediate roof caving 
- the in1tnediate roof consolidation phase 

During the roof caving phase, the in11nediate roof disintegrates, \Vith gradual creation of the 
cavities in the seatn~ the in11nediate roof becon1es porous and pen11eable. This phase lasts between 2 
and 5 days, depending on the in11nediate roof thickness. 

The consolidation phase of the in1n1ediate roof begins upon the occurrence of cavities at the 
surface of the terrain beneath the slag dumps and it continues for 3 to 5 years. The porosity and 
pern1eability of the caved roof is lessening gradually in the consolidation phase. 
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HAZARDOUS EFFECTS OF THE SLAG DUMPS ON UNDERGROUND 
MINE WORKS AND WATER-BEARING SEAMS 

Mining works in the "Bukinje" and "Dobrnja" n1ines are located beneath the slag dumps. It 
cotnes to very close contacts between the tnine works and the dwnping areas, depending on the 
advancing dynatnic of the \vorks and the slag duznping. Since the accuznulation zone, pern1anently 
saturated with \vater, is located above the mine \vorks it results in increased risks for the n1ines 
which reflects in the following ways: 

increased flow of \Vater in the tnines: caused by the infiltration fron1 the slag dwnps, 
weakening of the physical-znechanical features of the working area, due to the presence of 
water 

' 
infiltration in the \Vater-bearing seam and incren1ent in the level of the underground water 
in the floor of the coal sean1. 

Large quantities of water infiltrated frotn the slag dun1ps through the disintegrated roof into the 
tnine works endanger workers and tnachinery in the tnines. Water frmn the slag and ash dumps, 
passing through the porous roof layers turns it into a tnobile liquid clay n1ass which fills the n1ine 
rootns and makes thetn unoperationai. 

Water infiltrated through the root: passes through the stapes, asswnes the fine fraction of the coal 
and takes it to the sutnp. To enable an unitnpeded flow of the water to the sun1p it is necessary to 
tnaintain regularly drainage canals in the tnines. The \Vater in the stapes tnake the excavated coal 
wet and such a coal has a detrimental effect on the transp011 tneans and transport rootns, \vhich 
results in tnalfunction of the transport n1eans and transport roads being difficult to pass. 

Presence of \Vater makes the coal winning process very difficult due to the probletns caused by 
that for the blasting and loading of tnined out coal in stapes, and it requires additional safety n1eans. 

Excessive inflow of \Vater into the 111ine sun1p affects the process of dewatering, especially if the 
'vater carries coal and abrasive tnaterials. A great an1ount of aggressive water requires installation of 
specially designed high capacity putnp stations. 

Special problem and hazard for the tniners and equiptnent in stapes presents the occurrence of 
liquid clay. This kind of clay files up the znine roon1s quickly, it is very hard to prevent its inflow 
efficiently and protnptly, and it can cause closure of a nmnber of tnine romns in the short period of 
titne, sometitnes even tnine fields or the entire Inine. 

There are some chetnical n1aterials in the \Vater infiltrated frmn the slag dmnps which affects the 
health of \VOrkers and equipment, hence it requires additional safety tneasures. 

lf the dip of rooms is irregular water fills up the holes in the floor of roon1s and affects passage 
of the workers, and it can result in occurrence of excessive tnine pressures, defonnation of roon1s 
and, sometitnes, con1plete closure of tnine rootns. 

Special attention is to be paid on pollution of underground \Vaters due to the influence of slag 
dun1ps. Depending on local hydrogeological conditions, \Vater infiltrates into the water collectors and 
changes the existing hydrodynatnic regitne. The water fron1 slag dwnps con1prises a nun1ber of 
con1ponents whose concentration is not in accordance to the standards of drinkable water. Changes 
in quality of underground water, directions and distance of the transport of poilution Inaterials are 
the subject of hydrogeological research, can·ied out for every specific case. 

Therefore, there are tnultiple detrin1ental influences of the slag dun1ps on underground mine 
works, underground waters and life environtnent in total. Slug dump becon1es a consisting part of 
hydrological systetns "vith connections \Vith each of directions. Figure 4. il1ustrates the \Vater balance 
in the zone of influence of slag dUinps. 
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Quantitative presentation of individual eletnents balance is c01nplex and it is subject of continuos 
tnon itoring. 

Inflow into the underground tnine works and possible outburst of water into the n1ine depends on 
a nmnber of factors, especially on: 

- Contact area between caved roof layers and slag dwnp, 
-depth of the active tnine works perforn1ance, which include caving of the 

immediate roof, 
- drainage of the dun1ped slag. 
Previous research, related to the stapes located close to the land surface, sho\vs that the specific 

inflo\v into the tnines is q = 0.0000186 n1~ !tnin, and in the follo\ving period of coal excavation in 
deeper horizons it is expected a decreased specific inflow (with increase of infiltration area). 

SAFETY MEASURES 

As aforesaid, slag dumps have detritnental effects on tnining works in many \vays. Thus, there are 
various safety measures based on: 

- safety tneasures in 1nines; 
- preceding dewatering and drainage of slag dumps at the surface~ 
- prevention and control of poll uti on of the surface and underground \Vaters. 
The \Vater frotn the slag dmnps, located in the vicinity of n1ining works, infiltrates through the 

roof layers and put the miners in workings, roon1s and equipn1ent in danger. 
Basic task of these tneasures against the detrin1ental influence of slag dutnps is prevention against 

the sudden outburst of \Vater frotn the dun1ps through the caved roof layers into the n1ine romns. 
-The basic safety tneasures against such an outburst is choice of pump 

stations of adequate capacities, \Vith the \Vater dams placed near the ptunp 
stations; 

- Protection of the tnine rooms and equipn1ent against the \Vater is done by design 
of a proper section and dip of the rootns, including the drainage canals~ 

- Protection against filling of sun1ps \Vith solid materials fron1 \Vater. It is done by 
construction of settling tanks before sutnps~ 

-Protection against the tnobile liquid clay is done by construction of \vooden 
datns in stapes and in the stope access roon1s. 

- Design of workers \Vithdrawal/evacuation plan \Vith carefully designated routes. 
Preceding drainage of slag dwnps includes drainage of large quantities of water before its 

infiltration into the caved/collapsed roof layers, \Vater-bem·ing semns, and n1ine workings. This is a 
tnuch tnore rational tnethod because it saves the energy required for the \Vater pun1ping and it 
prevents the aforesaid detrin1ental effects. Ho\vever, it is not possible to achieve the con1plete 
drainage of slag dutnps and to avoid the possible infiltration of water into the n1ine works with the 
rational technical measures. 

Drainage of slag dun1ps is carried out in the foiJowing \Vays: 
- \Vith the horizontal drainage pipes, 
- vertically drilled \Yells, 
- observation wells. 

Protection against the pollution of surface and underground \Vaters is a very cotnplex issue, and it 
Js not perf01med cmnpletely in the current conditions. The \vater circulation systcn1, used for 
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transpmt of slag and ash, is opened, hence the water frotn slag dun1ps inflows into the river .Tala, 
vvhat results in a high degree of pollution of the river do\vnstremn the slag dun1ps . 

Detnands for protection of \Vaters, as an irnportant cornponent of ecological systern, increasingly 
in1pose the need for safety measures and control of pollution. The planned n1casures are: 

- Closed circulation systetns of waters frorn the slag dutnps; 
- Adequate choice of locations for the slag dutnps with \Vater itnpervious layers 

beneath thetn ~ 
-Controlled drainage and return of drained \Vater into the closed circulation 

system. 
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