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ABSTR1-\CT 

In coal extraction, \Ve encounter problen1s associated \Vith safe and cconon1ical excavation 
under \-vater-bearing strata. Appropriate technologic arrangernents of de,vatering, either surface­
based or pit-based, can decisively contribute to both of the above aspects. Today, dewatering 
schen1es etnploying surface dew·atering facilities - \Vells, solve effectively the problen1s of safe 
excavation of coal under \Vater-bearing strata. The construction of surface \veils is relatively sin1plc 
and does not require any special technological procedures. 

In the area of de-vvatering the \vater-bearing strata above the coal layer, we arc \vitncssing the ascent 
of popularity of the technology of construction of vertical or inclined irnpress filters fron1 inside the 
n1ining pit. The in1press filters arc drilled into the shaft ceiling or floor. The in1press filters arc 
designated either as the prin1ary de,vatering facilities, secondary facilities (de\vatering of specific 
segn1cnts of the \Vater-bearing strata), or as the observation \veils - piczon1eters. The construction of 
itnpress filters starting fi'on1 the n1ining shafts is considerably cheaper than the construction of the 
surf~1ce-based \veils, since the in1press filters are n1uch shorter. Ho,vever, the construction of in1press 
filters requires special technological procedures in the cases of drilling through strata under high 
porous pressure (exceeding 20 bar). The paper thus pritnarily discusses the technology of the 
construction of in1press filters. The accurate and reliable construction of in1press filters in the pit of 
the Velenje coal n1ine, in association \vith the surface \Veils, provides the optin1un1 n1cthod of 
de\vatering of the \Vater-bearing strata above the coal layer. 

INTRODllCTION 

My research \vork thus far, in the f1·an1C\vork of research projects in Slovene coal tnincs, has been 
focused pritnarily· on devising optin1al novel solutions in the area of the technology of drilling and 
equipping of itnpress filters, to function either as prin1ary, secondary or observation dc,vatcring 
facilities. The technologies known to date in drilling and equipping of in1prcss filters have failed to 
ensure the absolutely safe and effective construction of in1press filters in all cases \Vherc the drilling 
is perfonned through \vater-bearing strata exhibiting high porous pressure. ln the Yelenje coal n1ine, 
l have developed a tnethod of drilling and equipping of in1press filters \Vbich guarantees absolutely 
reliable and safe construction. The technology so developed, is based on: 
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• drilling \Vith technical colun1ns, \Vhich are then cen1ented; 

• drilling \vith the filter structure itself. 

1\1ECHANICAL AND HYDROGEOLOGICAL CHARACTERISTICS OF THE VELENJE 
COAL J\tiiNE STRATA_ 

In the Velenje coal n1ine, the lignite layer is covered \Vith Pliocene sedin1ents, of which a layer of 
n1arl, clay or clay-stone is directly in contact \vith the lignite, \vhile the strata higher above c01nprises 
\Vater-bearing sands of various pcnneabilities. The clay layer is called the insulation layer, since it 
protects pit cavities, and n1ost of all, excavation cavities, fron1 the influx of \Vater fi·onl the sands in 
the hanging \Valls. 

ln the north-\vestern and the central part of the Prelogc pit, as \Veil as in the prevailing part of the 
Sostanj pit, the thickness of the insulation layer ranges ti·on1 3 n1 to 20 111. In addition to the hanging 
wall sands, ·water-bearing sands of lo\v penneability are found in the lignite layer at the extren1c 
\Vestern tip of the north-\vestcrn section of the Pre loge pit. The \Vater pressure in the latter layers n1ay 
reach 40 bar. These sands are inter-layer sands. And, in son1e sections of the Sostan_j pit, sandy 
n1aterials are also found in the foot \vall strata. 

To\vards the foot \Vall, the coal gradually changes to lo\v grade coal, further on, inserts of tailings 
begin to e1nerge, in the tnain, clay, silt-stones and clay-stones, green or grey types, \Vith sand inserts. 
The direct foot \Vall layer is con1posed of green clay, silt and sand, and only occasionally, sand-stone 
or conglmnerates are encountered. 

In the north-\vestern part of the Skale pit, the lignite layer lies, in part, directly in contact \vith the 
Triassic dolon1ite vvater-bearing layer. The dolmnite is characterised by crack-based and carstic 
porosity. As a result of tectonic activities, dolotnite is, in spots, cracked and crushed. The cracks are 
usually filled vvith grey clay and carbonate inserts. 

As regards drilling~ the Velenje coal n1ine strata are tnechanically easy to sn1ash. The geological 
cross-section of the coal-bearing strata of the Yelcnje coal n1inc is presented in Figure 1. 

Water-bearing sands, suitable for de,vatering, are of relatively lo\v pcrn1eability, both in the hanging 
and the foot \Valls. The coefficient of pernleability is k = 1 o-() to 1 o-7 111/s. Frotn the point of vie\V of 
hydrogeology, these sands are considered as setni-penneable, \\'hich tneans that they belong to the 
lo\ver lin1it class of n1aterials capable of gravitational devvatcring. 

In the hanging wall \Vater-bearing sands pressures of up to 20 bar tnay be expected in the locations 
of planned itnpress filters due to the de\vatering by n1cans of hanging filters (\veils). l-Iigher 
pressures may be encountered, in exceptional cases, in the sand sections, vvhich arc not part of the 
Velenje coal n1ine de\vatering syste1n. Separation of the C02 and CH~ gases also takes place frmn 
the hanging strata vvaters, but not to the extent of provoking gas eruptions. 
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In the initial phase, prior to their partial dewatering, a n1axin1un1 hydrostatic pressure of 45 bar n1ay 
be expected in inter-layer sands. Also, the separation of C02 and CH4 is n1ore agile in these layers. 
A sin1ilar situation is encountered in the foot \.vall \vater-bearing strata of the Sostanj pit. 

In the foot \vall strata of the Skalc pit, \Vhich are hydraulically connected to a partially de,vatered 
triadic foundation, one can expect pressures belo\v I 0 bar, srnall quantities of \Vater, and negligible 
C02 and CH4 \vater content. Ho\vevcr, one has to be a\vare ofthe presence ofi--hS. 

Figure I. Geological colun1n of the Velenje coal-bearing strata 

TECHNOLOGY OF Il\1PRESS FILTER CONSTRUCTION IN THE \VATER-BEARING 
STRATA EXHIBITING HIGH I)OROlJS PRESSURE 

The conventional n1cthods of construction of itnpress filters, \vhercas, initially, a bore is drilled, and 
subsequently, the filter structure is etnbedded, do not ensure reliable construction of the in1press 
filter in strata exhibiting high porous pressures. Frequently, drill pipes or the filter structure beco1ne 
stuck 

Figure I. Geological colun1n of the Velenje coal-bearing strata 
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\Vi thin the bore. Let tne point out, once again, that the technology of the construction of an in1press 
filter, \Vhich I have developed is based, prin1arily, on: 

• drilling \Vith technical coh.tn1ns, \vhich arc then ccn1entcd; 

• drilling with the filter structure itself. 

The drilling of the bore lid is perfonned \Vith a chisel of a 76 111111 dian1eter, and a drill bit of a 360 
n1n1 diatnetcr. \Vc drill to a depth of 0.5 111. In this tnanner, \VC ensure adequate space to 
accon1n1odate the bore lid equipn1ent, \Vhich, in turn, ensures safety and efficiency of \vork in the 
subsequent phases of in1press filter construction. 

After cotnpleting the drilling of the bore lid, vve start drilling for the initial coh.m1n of protection 
pipes, to a depth of approxitnately 12 111. Depending on the tnineralogical and geological conditions 
drilling can be perfonned etnploying one of the follo\ving three tnethods: 

1. drilling \Vith a 76 111n1 dian1etcr chisel, follo\ved by rean1ing vvith a 163 n1n1 dian1eter drill bic 

2. drilling \Vith a 76 111111 diameter chisel and a 163 111111 dimneter drill bit~ or 

3. drilling with the initial colun1n of a 143 n1n1 diatneter (drill bit ofdiatnetcr 163 n1n1). 

Table 1. M~thods of drilling for the initial colun1n of protection pipes 

DRILLING METHOD 0 drilling 0 rc:an1ing 0 piping 
(nun) (111111) (nun) 

1 76 163 14:1 

2 76/163 143 
,., 

163 143 _., 

A polymer rinsing mediun1 is applied during drilling. Upon cotnpleting the drilling to the set depth, 
\Ve install the initial coh.1n1n of protective pipes into the bore. In the first and second tncthod of 
construction, \Ve equip the initial colun1n vvith the 1lange and the scat and then perforn1 the 
ccn1enting, applying cen1ent tnilk or a suitable injection n1ediutn. After ccn1cnting, \VC pcrfonn a 
pressure check of the initial colun1n of protective pipes. If the pressure check results indicate that the 
criteria of safe operation \Vill not be n1et, the cetnenting procedure is repeated. 

In case of the third tnethod of construction, \Ve begin cetnenting in1n1cdiately upon attaining the set 
depth of drilling, since the protective pipes are already in the bore. Cen1enting is perforn1ed in the 
san1e manner as in the above 1\vo cases. 

Prior to drilhng for the technical colutnn of protective pipes, V·.-'C have to equip the initial colun1n of 
protective pipes (i.e., the bore lid) \Vith the technical colun1n brake, gate valve, ball valve and drain. 
The bore lid so equipped guarantees absolute safety of subsequent operations. During drilling, the 
rinsing n1ediutn can be injected directly through the technical colun1n, or, alternatively, indirectly, 
alongside the technical column, depending on conditions \vithin the bore. 
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The drilling is perfonned cn1ploying a 116/113 111111 dian1eter extended profile drill bit, and a 96 111111 
diatncter chisel, \vhich is retracted fron1 the bore after the drilling is finished. In this case, the 
dian1eter of the technical colun1n of protective pipes is 113 111111. This n1ethod of drilling ensures high 
reliability, since the protective pipes arc cn1ployed for drilling. In the contrary, i.e., \vhcn the drill 
pipes are etnployed, the bore is lost if the drill pipes get stuck in it, since the drill pipes cannot be 
retracted frotn it. On the contrary, \Vhen en1ploying protective pipes for drilling the bore is not 
necessarily lost \vhen the drill pipes are stuck. We retract the 96 n1n1 chisel fron1 the bore and 
proceed drilling, either \Vith a technical colutnn of a stnaller diatneter, or, \Vith the filter structure. If, 
during drilling: \VC penetrate a \Vater-bearing stratun1 \Vith the technical coltnnn, outflo,v of \Vater is 
controlled since the bore lid is suitably equipped. 

Upon reaching the desired depth of drilling \Vith the technical colmnn of protective pipes, \Ve retract 
the 96 111111 dian1eter chisel and start cen1enting the technical colun1n. The cen1enting is perfonned 
either \Vith cctncnt n1ilk or \vith a suitable injection n1edimn. When the ccn1cnting is finished, the 
bore is ready for drilling \vith the filter structure. 

Prior to drilling w·ith the itnprcss filter, \Ve equip the bore lid \Vith the drill pipe brake, gate valve, 
ball valve and drain. The diatnctcr of the filter structure is 73 111111, \vhile the dian1ctcr of the drill bit 
is 76 111111. The filter, 1.5 111 in length, is equipped \vith an internal sealing tube, which prevents the 
leakage of the rinsing tnediun1 through the filter (Figure 2). Thus, the rinsing n1ediun1 flo\vs directly 
through the drill bit, and in this \vay provides effective rinsing of the bore and the overcon1ing of 
high porous pressures in the \Vater-bearing stratun1. During drilling \Vith the filter structure, the 
rinsing tnediun1 pressure slightly exceeds the porous pressure in the enviromncnt stratun1, so as to 
ensure efficient filter penetration through the \Vater-bearing strata. 

When the filter reaches the desired depth, \Ve retract the sealing internal tube fron1 it, by n1eat1s or 
special pipes. and activate the filter. If required, the filter part can be chetnically treated \Vith an acid, 
to dec01nposc the ren1aining polyn1er rinsing n1ediutn. 
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CONCLliSION 

All the in1press filters constructed thus far in the Velenje coal n1ine, have been installed in a 
perfectly safe n1anner, and did not pose any technological problen1s during construction. The itnpress 
filters have been installed in the up\vard vertical direction into \vater-bearing sands. The lengths of 
the in1press filters range frorn 30 111odule to 70 111, and the tlo\v rates even reach 300 l!tnin. The 
Jnaxin1un1 porous pressures are 40 bar. Thus, I feel confident to state that significant technological 
progress has been accon1plished in the construction of this type of de\vatering facility. As an addition 
to the n1ethod of de\vatering of \Vater-bearing sands above the coal layer by draining \veils, already 
in place in the Velenje coal 1nine, a reliable technology of constructing itnprcss filters clearly 
represents a contribution to the optitnisation of de\vatering, both in tern1s of technology and cost. 

The currently available capacity of drilling equipn1ent supports the construction of in1press filters up 
to a depth of l 00 tn in the up-vvard vertical direction. 
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