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The :f'ollowing pointe are cc>:rwtderad for inrush phenomena an
count<n'i!d during the minlng of minerals located on karetic 
aquifere: 

- the relationship betnen the degree of f:'Hllogic fractu;r..· 
ing and the number of inrush events; 

- the relationship of ths aquifer 1md the aq1.1i tard between 
miMrals and the aqui te:;.·; 

- th!! limit of valid.i t:y .Jf nature.l fact.onJ as con-trolling 
mi.na water; 

- pilot settling experiment& of the sediment carried by in~ 
ruahes. 

1. RELATIONSHIP BETWEEN INRUSH YIELD AND TECTONIC 
FRACTURING 

Most of the following results has been reported in Hunga
rian but it is th~ first time of the Ex~.ieh publication. 

Mesozoic, mostly carbonate l"'cks deposited. in the Hungarian 
paleozoic cryatallic basins. These carbonate reeks are good 
aqu:i.:f'ers due to karetic procf!I!IB&s and have a thJ.ckness as 
great as several th~Jsands meter. Sedim~ntary subbasins 
were formed on the kartic rocks, consisting of eocene, oli
gocene and yo~r deposits of depths high&r than 1000 m. 
Amont these deposits valuable brown coal of several hund
reds of tons, bauxite and ~se resources can be found 
and are deep-mined under water hazard. 

The water hazard stems mostly from the underlying karstic 
aquifer, and karatic water can inflow into mining spaces 
with preei!IU.ree up to 4D-60 bar. 

It 'J\011e realiz!!id more than a d~c!ld<~ ago that inrushes are 
conr:,ected to karstic TO('\{ fractures [4, 12, 13]. In ordu· 
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to quantify the ph~n~~men,ll, spatial ':onfigu·ation ami sizes 
of t&ctonir: element!!> lilt~re ~:~tu<!:u11d [1, 3, 14, 15]. 

More than lOOC inruehe~ of ~ total yield of a.lmoet 500 J/min 
have been obaEP"VEU' durtl:lg mining operation.s under '";rrious 
natural ~;e~ndittons. 

'thee follow-.~-ng principlea 'ml~ ulut'd in detacti.n.l t:ha casual 
rel ... tionahipe: 

ej The total y~eld of inrushu u approdmatel;r propo:rtl·'c ~ 
n.~?.1 to the magnlt11de of the a.Na [11, 161 

The yield w:ld fnqtt.l!lne:y of individual inrushes can be 
conaid~~d only lUlder the same conditione of protection 
layQre b~t~en reeerveE and the aquifer. 

Innu:;h p;:·:Jpe:rt;."e unt".:;:r constant p~'Otectj.on layE!r condi~· 
tiona de:;.,md !J;i':>etl;y m: !!pacific fracturing L/1' ~18], 
where T i~ the ares: end J, il!l the total leJ:.\gth of f!W.ltlil 
corresponding to T. 

A joint anal~ie of all main process is nacssaary for 
nvea.ling l'll!i.t'IL.."'al pheno!Mna governing inrunh properties. 

VaJ:i.ous subbasin<::! o:t th& Transdanubian Mountain /nil/ 'I'MH"@ 

selected to inveetigata the following relationshipo betwl!en 
inrushes and natura} condj.tions. Fer p:;:'S.ctic&lly constant 
protect:i.on Figa la ~<.:ud lb show the regressions. In Fig.la 
the specific area.l ;yidd ~ qi.Jr, az:.d in Fig. lb the speci
fic &..""E's.l number ~ Ni./T 11.%'9 plotted against speci:ti.c frac
turing. 

The following linear regression fits data [18]: 

/1/ 

/2/ 

Regression coefficient Cq is 15 for the Dorog coalfield, 5 
:tor Tatabtnya and 4,5 for Iszkaszentgyorgy. The correspond
ing figu~s of CN are: 7,8; 3,9 and 7,3. 

The different performance of various regions - for instance 
in Dorog !: q/1' is threefold as compa..""t'td to the Tatabanya. 
value - can be explained ae follon. 

The inrush process should be considered in the framework of 
164 
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If Y is km, T il!l k!l, then q. ia rl/min and N is the number 
of in~1ehee. The ratio of tne average totalq yield and the 
n:u.mber of i.nru~htu11 equ.aJ.s to tb.e average yield of inrush 
events. The above ~quations can be uoed !or sizing pumping 
atations pr<~vided the :cando:m error of regr-ession is a.ccouu.'~
ed for and a geohl!i;"ice.lJ.y an.e.J.og area is cvtlsidcsr-ed. If 
these cm1.o.i tiona at{• not met the general hydraulic model of 
in:rushea /Schmiadtn·· [6 , 9]/ can ba used, which results in 
the same linear equations after certain ein'pl.i.fi.cations. 

2. EELATION:miP BKT'A'EBN :!:'RO'l'eCT:CON LAYER AlW INRUSH YIELD 

Of-ten a 0-40 m thick clay-ey aquitax-d is situat;,d bet.ween the 
aquif<?r aw~ m,i.ni.ng openings ir. the Hur...garian kanatic eocene 
basins rlue to fresh-M~ctsr sediment formation over ths carbo
nata ka.r,;t:J.c rock. Thoae layers offer a protection against 
inrushes frcm t.ha aquifer. The degree of protection depends 
o:a. laJI"'lr thic1m<H<I! and piezometric head. Physical procesiH.'!!'i 
in the protection la.:;.-ar have been revealed by Schmieder l :s, 
7], and an considered as known. 

Now some mining expari<'~nce on protection 1ayers is BUJmlariz
ed. A sp!'lci:ric j;lrotac'tivn of some 0,3 m/b•n· offered by in
tact layers cw.:.. p:n1vent i.n."V.sh.es from the underlying aqui
fer. 

There is, however, a ~~ddan decrease if the prot~ction layer 
ie disturbed by tectov.ic and &tectonic movements. In this 
case, the necessary specific protection ia about 4 m/bar, 
that is a ten!'old increue as comparsd t9 intact layers. 

o·beervatior. data were Ui!1<1'd for aru"1yzing the effi!ilct of va
rious spe<:ific protectio<'l /0-4 m/bar/ on the yield and num
ber of inrushes. Ri!i~eulta show /Fig. 3/ that the effect of 
increasing protection ia greater for the number than for 
the yield of inrushes. These ~greseior. linea can be applied 
to forecasting inru.ah p:roperti&i'l under diffennt protection. 

). SEDI\Bl'!"T IN THE INRUSH ~A.TER 

The former studies have also contributed to the discovery 
that secondary sedimentary rocks located betwe~n the aqui
fer !Uld mini.ng openil:lgl!! ca.."1. be c~isd with inrush water 
into the openings. 

These sedimentary rocks contain aleo coheei<:m.less dolomite 
particles of 0,06-0,5 mm. 
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geomechanical forces forming geologi~al elements. Fractures 
in the Dcrog region haw larger average dilatation, lead
ing to higher aquifer conductivity. It is just the Lorog 
region where bed rock bedding direction E··W changes to NW
SE direction general to TM. The direction and intensity of 
geomecl:uu:J.ical forces had to be changed in order to acc=
lat'l! ·the neoeesary energy increment for the change of bedd
ing direction. 'l'hh< local excessive loading of the base 
roclr could hava c!Weed the incrtH<t~ed fracturing ot fault 
elements controlling water conductivl.ty. 

Thie local variability of geomeohanicul effc,cts is evidant 
also over other part~ of TM [3]. 

Fig~ 1 shows that despite the great8r inmmsi tivi ty of do
lomite to karstifying along faults, the specific yield in
creases l~nearJ.y and :r&<i.ches tha yield pertaining to some 
limestone area. 'I'bis can b•o e:lcplained by the increased de
gree of cataclusn:;, following tne d.egree of tecton.~.c frac·
turing. This i:::v::rease woulJ. bal&nce the decrease of less
"-karetic parts~ 

:Fig. l a.l FlO indicates -:.hat N ql'r i a higher for linK~ stone ba
sins reaching almost t:1.a value pertai.ning to tho heavily 
loaded Dorog bMin. This is a natural consequence of the 
ca.taclaetic structure, 'lllb.sre i.nruah is possible ~ri.th;.,ut 
faults. 

The •Tarious slopes of the regl"0ssion lines in F'ig. l indi
cats the relationship with aqu:;fer ccmductivity which can 
be estimated w."ter Sch."!!ieder /1970, [5]; 1975, \.8] /. 

Values of specific fracturing ranee between 3-36 km,/km' in 
TM. This tenfold clla.nge highly influences the forecasting 
of the yield and numb~>r of inrushes. As a reaul t, the spa
tial 9ituation of fracturing was also studied. It wae de
monstrated that the more remote we ar1l from the edge of the 
aquifer the smaller is the degree of fracturing. This hyper
bolic c!w.nge can ~,leo be explained by geomechanical reason
ing. R~au:ta are ~hown in Fig. 2, where obs~r~ation data 
cor~sf'mding to mines IU"B indicated. The lh'ull!.r r-Ggression 
l.!l l,l7' : 

/3/ 

where Y is the dhtance from the edge of the aquifer. 

The combination of erJuations /1/, /2/ and /V results in 
axpreaaion:s for the average B:fl:icif'.i.c yield and number o! 
inrt.tshaa: 

/4/ 
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There is proved metl';odology to size elements of dra:nage, 
collec:: t,ng, and con\'l!!Yirl8 as well as spaces fc:r machinery 
i.n mine water control. A1so, the advance of pumping techno
logy permits to select and apply the proper type and capaci
ty of pumps. The task remains to receive and treat sediment 
in a controlled way. First, '!~;~di.ment conveying elements 
are needed. then <me part of total sediment harmful to pl.i.lllp
ing operation is to be removed. The sediment is remoYed by 
in-mine settl:ing basins whose: selection and operation 1¥ere 
repoxted at the Gra:m1.da conference on mine "!;iter. 

A precondition of sadiment treatment <'if!b:i.gn 
the amount a.nd qua1i ty ct' inrw'lh sediment. 

In addition to the dolomite particl<'!s mentioned ~l<e '.':ediment 
rnate!·ial may ~onts,J.n other ro~k :NU"ticles carried by m.J.ne 
wnter through opES'Ca t:ln.g and abandom>1 workings. 

l'.~h~~ s.mt:sunt of -!~h?sn two of EHY;;5,11~.t7.1't \}"tas :.;e,~ .. ~:tJJJ.e 
fcY:t' the planrted rnitieS in Eoce:n.f:: 1?rogram ~ !J1:r.i s was the 
ba7·;ic data of desig:n.i:::'lg $;\ f·ull~-·scal~ model of 
~in [2] ~~~ The full-·::.t~ale modeJ. ':r.'ran ~art;::u--,t;ed by 
s:ul ties in forming :~rHi{l!rgrouti~d np€:nl:ngs and tt~ u.ncerta..!..r._ti~s 
.i.r~herent in smalley·--·stale modelJj Li ter·a;;<.!I"e value'l of 

for sizes 0f 
·~.:;,sin., 

:ievie. t;e from B rti'."'~io of l :in 
the '''t!'face ·:;o a ratio of , t, ·~he d·· 

sidet'lCB timtS of sediment is crt\.tt!h ;:ahorter the:n. in surftH!e 1·::ca.~ 
sins. Oc'l the otheT hand, no b::o.l.•),gical eff£:ccs are to be 
acccn;nt-:::d :for~ "'i'he design ~hould. ccn"'!.Sider ~hE fluctu..a.tine 
sedim~:n.t loading and th~ fM~·trimuru 'Ld for safety 
reasc.ns, The experirnen~\1 b!'.>Jin ·,.as dfc2i. gnod 'lfi th 
due regard to "the , according to the 
clB.31:dical H~zeJ.& ~r!H] flow ""~*l!Jci ty was calculated on 
the bi{,Sis of the residenc~ t;.me s.nd. the s.re1.:r.I l':~adinge a::~ 
·;1el1 as me-t.l':()d .. ~5,;qt \ 1.-:~ ~1~ ye} oci 

J:·oyj_ c:-;t :;., r.::1 c\nd 

e~~iin1en t 
"<:;lAa t ·t~.a .; ft'iciency i:s o~~ ''J'udi<>d. Fig. • snt;:WI::' 

~adirue:nt loadinQ: 
tl.pper limj t of thll -· 

u-p 'co 5%. On the other hand :;h"' 

~-k~asureoo_er;r-,i;; da tra 
lui'!SJ than thll 

t®ti ·.m.lue ie hardly ;;;rea te:r than oo;;t," 

i:h~ trf~.<Li..~-1 'Was ;;;,lao inv~stigated 
''"·;!trwde -~1 i\!usz.kaln'., Ivicsics :M;,d 

"1/(n~-~9 rutd ·:.~:rough-flow 
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Naturally th-t,se results hold for real-life s~t-~,J.lnf,~~ ~ss1nB 

characterize<) by similar sizes and loading, :oll"!ce the in--l~ine 

solution n:.ay require several restrictions such as non-verti
cal walls, smaller width, larger loading uf weir crest, a 
}:•ilot-model correspondiiJ4S to such an alternative was r•lso 
r:onstructed. Experiments on this basin are going on. Hope
fully, a more advance!!, sizing method will be developed. 
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Fig. 4. 
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The specific areal yield /a/ and specific areal 
number /b/ of inrushes as plotted aeainst specific 
tectonic fracturing 

Tectonic fracturing of cratogenic basins as plotted 
against the distance Y from the edge of the aqui
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The effect of disturbed protection layer on the 
yield and number of inrushes 
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1. Inflow mine water /Q d/p/ 
2. Inflow into the settling basin 
3. Inflow gate 
4. Changable inflow elements /Geiger, Stengel, 

Stuttgart/ 
5. Rough settling part of the basin 
6. Sediment collector shaft 
7. Sediment treatment space 
8. Operational water level 
9. Settling part of fine sediment 

10. Floating garbage collector 
11. Outt~ow weir, controllable crest 
12. Outflow channel 

Fig. 5. Settling efficiency of the experimental basin 

Fig. 6. Hydraulic efficiency of the experimental basin 
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