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SUMMARY

The following points are considered for inrush phenomena sn-
countered during the mining of minerals located on karstic
agquifers:

- the relationzhip between the degree of gwologic fractur-
ing and the number of inrush sventis;

- the relationship of ths aquifer and the sguitard betwsan
minsrals and the agquifer;

= the limit of velidity of natural factors as controlling
mine water;

- pilot sstiling expsriwents of the sediment carried by in-
rushes.

1. BELATIONSHIP BETWEEN INRUSH YIELD AND TECTONIC
FRACTURING

Hoast of tha follewing results has been reported in Hungs~
rian but it is the first time of the English publication.

Masgozoic, mostly carbonate rocks deposited in the Hungarian
paleozoic cryatallic basins. These carbonate rocks are good
aquifers dus to karstic processss and have a thickness as
great as several thousands meter. Sedimesntary subbasine
were formed on the kartiec rockas, consisting of eccene, oli-
gocene and younger deposits of depths highsr than 1000 m.
Anont these depcosits valuabls brown coal of several hund-
reds of tons, bauxits and mangansse resources can be found
and are deep-mined under water hazard.

The water hazard stems moatly from the underlying karstic
aquifer, and karstic water can inflow into mining spaces
with pressures up tc 40-560 bar.

It wag realized mors than a dscade ago that inrushes are
connected to karstic rock fractures [4. 12, 13]. In oxrdsxr
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to gquantify the phspomens, spatial configuretion and sizes
of tactonic elsmentis were gtudied [1, 3, 14, 15].

More %than 1000 inrushers of = toital rield of almost 500 &/min
bave been cheerved during mining opsrations under warious
natural condiiiroms.

The following principles weve used in dsiscting the casual
relationshipe:

e/ The total yizld of inrushes is approzimately proportic-
nal to the magnituds of ths arss [11, 16].

b/ The yield and fregusncy of individual imrushes can be
considerad only urder the same conditions of protectiocn
laysrs neiwesn ressrves and the aquifer.

¢/ Inrush propervies undsr constant protection layer comdi~
tions dspend mostly on specific fracturimg LA [18],
where T iz the aeres snd L is the total length of faulls
corresponding to T.

é/ A jeint snalyeis of all main procese is nacsssery for
revenling neiursl phenomena governing inrush properties.

Verious subbasinz of the Transdanubian Mountain /TH/ were
sslacted to investigete the following relationships beitwasn
inrushes and nmaturs’ comditions. Fur practically constant
protection Figs is aud 1b show the regressioms. In Fig.lsa
the epscific areal yisld Jq3i/", azd in Fig. 1b the speci-
fic aresl number X Ni/T are plotted against specific frac—
turing.

The following linear regression fits dats [18]:

2q hIR M
- ¢, L s/
P T
and
5Ny % Ly
z BCN - = 72/

Regression coefficient C, is 15 for the Dorcg coalfield, 5
for Tatabdnys and 4,5 fog Iszkaszentigydrgy. The correspond-
ing figures of Cy are: 7,8; 3,9 and 7,3.

The different performance of various regions - for instance
in Dorog Z q/T is threefold as compsred to the Tatebdnya
value = can be sxplained as follows,

The inrush precess should be considsred in the framework of
lo4
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and
K 3
i = Gy (5,6 + =) /5/
T Y

If Y is km, T is kof, then q. ie &/min and N_ is the number
of inrushes. The ratio of the average total® yield and the
number of inrushes sguals to tbe averags yield of inrusb
avents., The above 2quations can be uged for sizing pumping
stations provided the reandom error of regression is account-
ed for and a geologicelly anaslog area is considsred. If
thess conditions zre not met the gensral Lydrsulic model of
inrushee /Schmisder [6 , 9]/ cen be used, which results in
the same linear squations after certain simplifications,

2. NELATIONRSHIP BETWEER PROTECTION LAYEH AND INRUSH YIELD

Cften a8 0=-40 m thick clayey aquitard ig situatsd between the
aquifar and mining openings in the Hungarian kersiic socens
beaing dus to fresh-watsr sediment formation over ths carbo-
nate karstic rock. Those laysre offer a protection against
inrushes from the sguifer, The degrse of protection depends
on laysr thickness snd plezomeiric head. Physical processes
in the protection laysr have been revealed by Schmieder [5,
7], and are congidersd as known.

Now some mining experience on protection layers is summariz-
ed. A spacific protecition of some 0,3 m/bar offered by in~
tact layers can prevent inrushss from the underlying aqui-
fer.

There is, howsver, & sudden dscresse if the protsction layer
is disturbed by tectonic and stsctonic movements. iIn this
case, the necessary specific protection is about 4 m/bar,
that is s tenfold incresse as comparsd to intect layers.

Cbservation dets were used for anslyzing the effsct of va=-
ricus spacifie protection -4 m/dar/ on ths yield and nume
ber of inrushes. Kesults show /Fig. 3/ that the effsci of
increasing protection i® greater for the number than for

the yield of inrushes. Theme regression linss can be applied
to forecasting inrush propertiss under different protection.

3. SEDI¥ENT IN THE INRUSH WATER

The former studies havs also contributsd to the discovery
that secondary sedimsntary rocks located betwsszn the aqui-
fer and mining opsnings can be carrisd with inrush water
inte the openings.

These sedimentary rocks contain also cchesinnless dolomite
particles of 0,06~0,5 mm.
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geomechanical forces forming geological elements. Fracturese
in the Derog vegion have larger average dilstation, lead-
ing to higher squifer conductivity. It is just the Dorog
region whers hed rock bedding dirsction E-W changes to N#-
SE dirsction general to TH. The direction and intensity of
geomechanical forces had to be changed in ordsr 1o accumu-
late the necsesary energy increment for the change of bedd-
ing direction. This local excessive loading of the base
rock could have caused the increased fracturing of fault
elements controlling water conductivity.

This local variability of geomechaniczl effzcts is evident
also over other parts of TN [3].

Fig. 1 shows that despite the greater insensitivity of do-
lomite to karstifying along faults, the specific yield in-
creases linsarly and reaches the yield pertaining to some
limeztone ares. Thie can be explained by the increased de-
gree of cataclasm, following tne degree of tectomic frac-
turing. This increase would balsnce the descvresmse of lese~
~karstic parts.

Fig. 1 alsc indicatss that Ng/T is higher for limestone ba-
sins reaching ailmost ths valus pertaining to ths heavily
loadsd Dorog dbasin, This is a netural consequence of the
cataclastic structure, where inrush is possible without
faults.

The wvarious slopes of the regression lines in Fig. 1 indi-
cate the relationship with aguifer conductivity which can
be estimated eftsr Schaisder /1970, [5]; 1975, [8]/.

Values of specific fracturing rangs betwsen 336 km/kd in
TM. This tenfold change highly influences the forscasting

of the yisld and numbar of inrushes. As a result, the spa-
tial eituation of fracturing was also studied. It was de-
monstrate: that ths mors remote we are from the edge of the
aquifer the smaller is the degres of fracturing. This hyper—
bolic change can nlso be sxplained by geomechenicsl reason-—
ing. Rasults ars shown in Fig, 2, where observaiion dats
gor$§2¥cnding to mines are indicatad. The linsar regression
is [17)s

L,

M

. u§'5+=m1_ /3/
T y

where Y is the distance from the sdge of the aguifer,

The combination of enuations /1/, 72/ and /3/ results in
axprossions for the averags spesific yield and number of
inrushes:
xt
Za 4y ,

/ A}

J N ) 3y ;
e L.q' 8,6 & =, ey
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There is proved metihodology to size elements of drainage,
collect.ng, and conveying as well as spaces for machinery

in mine water controsl. Also, the adwvence of pumping techno~
logy permits to select and apply the proper type and capaci-
my of pumps. The task remains to receive and treat sediment
in a contrslled way. Pirst, sadiment conveying elements

are needed, then cng part of tatal sediment harmful to pump-
ing opsration ie to be removed, The zediment is removed by
in-mine settling bPesins whose selection and speration wmere
revaovied &t the Jranada confsrence on mine water.

A precondition of ssdiment trsatment design is to forecast
the amount and quality of inrush sediment.

In sdditicn to the dolomite particles mentioned *he zediment
material may comtalin osther yrock particles carrvied by wmine
sater through operating and abandoned workings.
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Naturally tnese result® hold for real~life seitiling besinas
characterized by similar sizes and losding. Since the in-mine
solution may require several restrictions such a3 non-verii-
cal walls, smaller width, larger loading of wWeir crest, o
rilot-model corresponding to such an alternative was also
constructed. Experiments on this bssin are going on. Hope-
fully, a more advanced sizing method will be developed.
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