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SUDA.RY 

Movement of water and rock is analysed in the system of aqui
fer and protection layer in order to reveal the behavi.or of 
the protection layer and to recognize new mater control 
possi bili ties. 

The water inrush process in interpreted from energy aspect, 
and process identifi"ation is used for deriving the energy 
budget equation of water inrushes, and the operation of the 
protection layer. Dynamic properties of the water flow lead 
to the coefficients of reduction and sealing of the protec
tion layer. The derived relationships ara used for discuss
ing the possibilities of protection layer utilization, the 
reinforcement of the protection layer, and the principle 
of the "instantan" nter control method. 

1. INTRODUCTION 

Those rocks between aquifers and artificial underground 
openings, much as mining spaces are definied as protection 
layers which are capable o! preventing or decreasing water 
flow. Their water control role is characterized by their 
sealing and reduction effects /Schmieder, 1972./. 

The physical phenoaena in the protection layer was almost 
uniformly explained by the initial condition of water flow 
in thie layer. Thie was characterized by the necessary spe
cific thickness or the protection layer /Vigh, 1949. 1952/, 
which can be interpret0d as the reciprocal of the threshold 
hydraulic gradient /Schmieder, 1966, 1970/. 

A growing aining depthS and the resulting experience have 
shown that water flow in the protection layer can be induced 
by a change of etate pertaining to another energy threshold, 
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such lUi th\'!1 hydNu.llc rock fracture or th!! hydraulic rock 
fa:~.lure. Ae ill reeult, p1•actical couclusione br.sed on thil 
general:l..:&tion of large-seal>~ exp!!Ti'!!nce en the lower ener'gy 
thre!!!hold may not be 'ftlid IUW mori, InrU!iol-u:;s thr01.J8h the 
protection layer are etudi~d now in order to attain a more 
generik\l iUlJ.'!We::' to thii o~re.tion Md water control ef!'er.:t c,f 
the protection lay•?, I~ ~uch a way, new areas of proco~s 
ccm:trol will be a nvealed. 

2. :rui'ERGY !NT~AT!OI'l AlfD CHARACTERIZATIO!Il OF THE WATER 

HHHJSH PROCESS 

l\tinin,g inrwsh ie called such '1m tllr inflow which is :hoch&e
Uc &rl•:; not !l.rti:!:'icia,l1y draint~Jd, 

l!tining ilpa.cee regardless to their technological fun,:, ticn 
oper!i! t;,, as drainage elellh1111ts. Thi<ll drainage effect can be 
dinct if the openings IU"I!< located in aquifers such ae tec
tonically fractured karstic limestone, dolomite or ore body. 
The d..-..e,inage effect ~y be inllirect if the opening is located 
in an adjacent inpermea~l~ rock such as coal or marl. Under 
such m.;:,re frequent condi tiona water from the aquifer can Em
ter the opening only if tlle re~ista.nce of these adjacent 
rock!!, the p.rotsction llll.y~Sre is overcome. This would happen 
where the prctection layer break!s, becOIII'i!B fractured or its 
previoue, emall111r fractures expand. 

In both cases, a niiltw equilibriWil ill reached by eelf-regu.la
ucm. a common property of fr®e eyste100. Self-regulation is 
the 111pontaneoUB endei"Our of nature to rel'ltore the energy 
equili b:riWII distorted by mi:nir..g opi!>ninglll in view of the 
smallest 0nergy level. 

In this proceaa, state transition of material and energy 
traneporte rf:lslil.ts in minimum free 0nergy of the system, 
while its entropy becO!IIIes maxi.IIIUlll due to th~ disa:;.pation 
energy. 

Pinally a steady-state energy "tlalance is reachud o:<.~ e:.:-
presaed by the Bernoulli equation 

v2 

where the first tena m<~!Ulfl the dissipe:i;ion energy and the 
second one te the kinetic energy. 

/1/ 

Iu lack vf pNtection layer equalization starts i-ediately 
at the smallest pressure gr&dient L~d lasts as long ae the 
new !!quilibrium ic§ reached or without cl.n~.inage the opening 
11!4 filled up and thi!! pi.ezometric head Ll:l.fference, s

0 
is eli

mnated. 
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Such water infl~e are called inrushes without reduction 
effect. Their e=pirical and statistical behavior /Fig. 1./ 
that iB, their energy budget equation can b~ described for 
tract1,:red and karatic roclal by the s&me general equation: 

/2/ 

Te:ne in eq'll!!.tion /2/ c<ill be expanded /Schmieder 1972, 1975/: 

80 :a-
2 )7 1dl 

R q X
0 

ln ---- + ------ ln ---
10 J7 /km/ Ll 0 

13/ 

where q: inrush yield; kM: average aquifer transmissivity; 
km: local laminar transmissivity of the conducting fault 
zone; R: radi.UB of thi!i cone of depression; X0 : half diatancf! 
of fault zon®; L\

0
: equivalent radiUB of inrUBh. 

In th~ presence of protection layex·, condi tiona of water 
flow are modifie~: seepage starts if available energy, a 0 ~ 
= H1-H2 ~• greater than the resistance, E0 of the protection 
lt~.yer againet seepage. If the difference 

/4/ 

in every point of the opening, no seepage can start, and the 
protection layer behaves as a perfect sealing structure. If 
the enero difference or its relf< ti ve value 

so - Eo Eo 
/(P)a a 1 - /5/ 

becomes positive either in a few points or along greater sur
faces, atate tranaition occura, and seepage starts, leading 
sooner or later to an inrush. 

Winkl'xler /1903/ cma.lyeed lllini.ll€ experience of the Eaztergom 
coalfield, and showed that inrushea occur in tectonically 
fractured and weakened zones of faults. These findin~ were 
refined Gn morfologically bases by Vigh and Szentes /1952/ 
demonstrating that tectonics will denote zones of highest 
available ~nergy, that i~, boundary points of inruah confi
guration. 

If thel!l~ illonea l!l.re apprC~~.ch:::d or cr;;:aaed by mining openings, 
irLJ:"UBhws ta.lce place and tlH<ir frequency gr~a tly deperu:ls on 
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the protection layer. 

In Hun~ary first Vi~h /1950/ showed that the hiPher \B the 
specific thickness of the protection layer. 

m - h 
'"'"" 

..£..._ m/bar /n/ 
0,1 110 

the smaller is inrush frequency, and above a certain 
0 

no 
inrush would occur. 

Spatial frequency of inruohes in the Do reg coal field 

n 
j(P)"' /7/ 

decreases a11 specific protection layer thickness increases 
/Pig. 2 ./., In acco:Mmce with Vip:h' s early finilinRS, the 
chance of inrush occln"rence, •:Jr the i'l.venp:e coefficient of 
cealinp; becomes negligible above a certa:l.r, value of p 
/Schmieder, 1972/. o 

At values lower thl!l:l'l J.J<).J, inrush yield first increal'l!!l! in 
time generally, then e18w1y or more rspidly decreases. 

Mol!!t of th~ inrushes carry more or lees sediment in the initl
al period. After a certain time, a new dynamic balance is 
formed, sedimentation is stopped. and the inruan yield becomes 
relatively stable. 

A!tar seepage star-te protection lll;tl!r act!!! e!ll a front resis··· 
tance, and, aerially eonnOI!Icted to the aqui:l';n~ it may play 
an active role in energy di~lllipllticn, This effect of the pro., 
taction layer ia called the reducive effect and a reduced 
yield of inrush occurB, Which can be dGacribed by the empi
rical or statistical anerg:r budget equation similarly to in
rushee without this reduction. 

Observation data can be explained by the following regression 
equation 

/8/ 

which ia similar to the energy budget equ~tion /2/. Curves 
start f~m the origo, and have variona elopes depending on 
the reducing effect. Different slop0a pertain to the ~tatia
tical cu:M"ee, 
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Considertng average 
apainst the average 
effective thiclrnees 
increasing diatanc5 

!!ltabilized yi.elda of inrushes as plotted 
d~pth below actual water level, and the 
of protection la7er_, the curves start in 
from the ori~ /Fig. ).a./. 

The regression eqnt!<tion, that is, the enercy budp:et equation 
was expressed for the mentioned Dorog example /Schmieder, 
1976./ 

/9/ 

where !,, : the averag•J threshold gradient for seepa~e; m: aver-· 
®.ge eff~()tive thickness of the protection layer; a , b : reg
reai!:lon "oeffichnte !l.ependinp- on the protection liyer~ 

It is to be emph&eized that equ!!ltion /9/ exrrres!'!in~?; the sto
chastic relattor;sh1:p holds for the general process and not 
an actual one. The avere.ge energy loss in the ])rotection layor 
ie the sum of protection layer resistance E0 a.nd dieaipat2otl 
energy in the zone of protection lees than v 0 • 

In equation /9/ constant term ! 0m expresses that no seepage, 
conse~uently inrush can occur at depth below 

/10/ 

or at specific protection higher than 

1 

/ll/ 

Thie latter vahH> for Dorog coalfield h 4 m/bar. 

Where specific protection wal!l lese than. J.J 0 , aeepa~;e occuret!. 
i!!.nd further, in the Dorog coalfield, protection layer exerted 
both the sealing ~~d reducin~; effects. 

3. REDUCING EFFECT 0~ THE PROTECTION LAr~R 

The reducing effect :ill rel!!lted to th® diseipaticn eneri':Y in 
the protection laye~ Since this ener~r cannot be measured di
rectly, it csn be characterized by i;he e.ver&P'e yielrl reduction 
,-?1,;;. 3, b./ or the !i\werage relative yi~;1d: :;-'eduction, the re
duction C'><n'fic:i ent 

/12/ 
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for the same aquifer and depth /Schmieder, 1962./. The b~
hnior of ij/)/ /lig. ).c./ is thl'l l!lame &!!! that of !f/:;.-/, 
Thus, the reduction coeffioent expree~es for a piven aquifer, 
the relative yield reduction which ia attr11:n~ted to protection 
layer resistance. 

The regression equation /Pig. ).e./ can be written as the 
ratio of average yields expressed from the ~ergy budget 
equations /2/ and /9/. 

/13/ 

where / / and : coefficients of hydraulic interference 
for inrushes with ind Without reduction effects reap. /Schmie
der, 1972./. 

Equation /1.3/ ehowe that reduction coefficient!! are about 
the same for areas of the same depth, geologic and hydrogeo
logic conditions and effective protection layer thickness. 

In such cares the expected value of the average reduced yield 
of inruehf!la can be calcul!lt!l'd in an enalo~us way by multi
plying the average yield~ of inrushes without reduction ef
fect and the average reduc~ion coefficient. 

/14/ 

If the resistance of the protection layer is characterized by 
T0 m, the reduction coefficient can be used for the above ana
logous computation ae long as dynamic conditions for the be
ginning of seepage do not change. 

When dynamic conditions change such qualitative alterations 
are possible Which may lead to the formation of inrushes 
without any reduction effect of the protectianlayer. 

4. RELA'l'IOft'SHIP BE'l'WEEN DYNAMIC PROPERTIES 01 SEEPAGE 

COIIIM'Eft'Cl'XE!f'l' AND YIELD REDUCTION 

Most significant changes occur during hydraulic rock failure 
due to the seepage force in the protection layer. 

In rocks with small or without coh~sion seepa~e force from 
the underlying rock may reach the shearing resistance of the 
protection layer. This would cause piping failure. 

1& 
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The mont nevere concH tion of hydraulic rock failure ie thl!lt 
the effective main stress becomes zero as an effect of the 
seepage force 

o, /15/ 

or the piezometric head reaches the value 

/16/ 

In this Terzaghy cri terilllll n is pore volume and \P k and !P v 
are mass densities of rock and water reap. 

If piezometric head gradually reachea the above critical va
lue, hydraulic failure and enan:!.ng inrush occur relatively 
slowly. This is the case in deep foundations, or flood level. 
If piezometric head is large, ae typical to mining operations, 
hydraulic failure and the r~~ulting inrush occure suddenly as 
an explosion wtth great deformation velocity. Such inrushes 
carry large-amount of sediment, cause considerable cavity and 
soil erosion. 

Similar process takes place not onl7 in cohesionless soil but 
in clay too. 

Tn cohesive soils, the condition for soil failure is a~ain 
the diminishing shearing resistance which prevails if a~ual 
piezometric head equals the critical value 

/17/ 

wher!l c: cheeion; if,' ~ tjj : angle of friction; !';: acceleration 
of /I:M!Vi ty. 

As an effect of the flow, pipes formed in the clay are ex
panding as long a!!l shearing forces occur Ol'. the wall of th<:> 
pi pee. 

An equilibriulll is T!lached when the ahearin~ stress ie stopped 
again and conseq_u!'.:ntly water e::"oi!iion is also stopped. This 
corresponds to the etate, when ':.he reduction coefficient for 
the Boil pipe ie uni t;r /Schmied\<lr, 1977./. 
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/18/ 

As a conaequen~l!l, if h;ydre:ulic rock faih1.re c:wa<Ja im·ush, 
this would flow without yield reduction. 

In the above ear.'!!, sand inflow eoincicl.el'l w:lth water inruah 
if the aquife:t consieto of iooae eedirr:llntr.J:<y rocks. 

Er:<rpirical dat~ of 240 inrulllh!!i!l in the 1/!l.rpalota coalfield <1re 
now used for wpperting the above principles. 

In this are~~o,. thera 11! 5-20 m thick pla8tic C!.ay layer with 
cohe:"lion of 0, :?"-o• 5 MPa, underlying the coal IH!M!. Thie clay 
la,rer 1wta !1.1!1 protection la;ye!' between coal eeMJ ~~nd a 5-10 
m thick porous media aquifer. 

As a preindicator of inrush, clay uwell3. Next ahow, then 
atrongl'!r lll!lepage occur!! md sand i'1rueh takes place, After 11. 
time, inrush yield decreases, water is gradually cleanin~, 
and. the dynru!lic eq_uilibrtum be'twMi1 rock and Wl'!.teris :t<H!.Ched, 

Obt>e!"'l'ation data of inrush yield eh,,., that avera11:e seepap:e 
coefficient calculated from inruehee equals with great accu
racy the areal average values derived from 'pll1!!J:lin,g tests. This 
demonstrates that inrush 7ield has no reduction effect. 

SiiiNltaneous total areal yield of inrushes ie proportional 
to the en~rgy 1!1

0
-E

0 
/Schlllieder, 1976./ 

2Jlldl /i - ! I 
Q/"J.J/.. .,.,a 0 

ln-
§J 

/19/ 

The head difference i equals with good ap~roxirnation the 
threshold value calcuYated from equation /17/. Since this 
equation does not consider stresses increasing with depth, 
result of the analysis ma;y be explained that compression 
stresses increasing with depth and tensile etreaaee cause~ 
displacements due to the openings compensate each other t~~ 
superposition. 

Sine!!! the reducing effect of clay prot~ction layer ]!-, the 
Val"J)l!llota coalfield was not noticghle, the protection layer 
acted as a sealing atructure, 1ecreaain,::.: discharge acco:rdinp 
to the ra ti,·, 
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/'20/ 

or the mverage e~aling coefficient: 

- ~-ji/JJ/"' 1 - /21/ 

Equation /21/ !'!howe that the aee.lin~ coefficient, in accor
dance with /5/, expreeBee the ratio of the free e~erpy tc the 
total enerii:Y. 

In case of protection layers with hi~her cohesion as clays 
or marl!'J /Fig. 4.a./. the critical head pertr-!.inircg to hydre.u··· 
lie soil fa.ilu.re is higher \!IIi th ord!frs of ma.,;ni tud'?! than the 
critical valul'!l for soft clay. In general, the critical valu<> 
is considerably greater than thl:l one correi!lpondinl": to the ex
p&1aio'1 or protection layer fractures. which become permeable 
through this il;lrdn.ulic rock :fnctur:i;H!'· 

This cl!l:ll bs experienced in rock tractmring s:pplied with pron t
ing and in every case when por@ pree~ur~ opena rock f~acturee 
:,or1d 1110difi®B atresa conditione. 

The proceee was in-~itu investigated in Ceordakut and the 
Dorog coalfield /KeeeerU et al., 1980./, further develooin~ 
!!!&rlier laboratory lll:tl!!!lyl!el!l /Keeseri.l, 1976./. An illl'portMt 
result of these ~xperimenta is shown in Fi~. 4.b. AccordinP 
to the observations seepage otarted in the marl or clay oro
te!'!tion la;ren~ ·xhen head dif:fer~mce reached the value 

/22/ 

/23/ 

is the noJ!"'Ilj&l etreee clol!ling fractures of angle'". 6 1 and (J 2 are remp .• the Yillrticllll and horizontal main llltreel!'lee, 
18) 
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ry~hE experimen.t l!lhowsd th~t :tt e.vailable enerpy is less them 
'~hf,- valu& oo:rr·O!!I!lpon<'li:np: to hydt"aulic rock failu:-.-e 'hut nel'ltenr 
ti,:•.r,. the cme COt'To!HIIponi!.ing to hydraulic rock fracturinp, 
!SXh,ting fractuJre!! in the protection layer are openinP:, and 
ms..y lel!ld tc :!.n:n.H~hes, de;p~nding em t)H>i 1' conductivity. 

~;'lterc :l.fl some mBount o:C a&d.irnent in thre )H!riod. be·tw•a<n'l rock 
fracturing i!i:nCi th® ne~ conei:Kluenc;; o::' ero
e1or!• tri th~ initlel 

f 

't~t 
eli ;;:':JIH~I!lion eni'. 

w:t ll ~ t~ f\:::n:-7-;t ed :b:"i th a 
rock :?si. :i..1.l.:T':l. tho 

~"l:.t~fu-l.l:!_y c~s:,gG 0 lG~ir.:1.ix~g 

thill 
~!:(ll!iti ;:m 
~~l'rJ?,:~t.sjAn'l 
·C·:)S8"~·'E'1. for f-rac··:7..:i?G JJP' !::.S.:_"?,~fZ, 

~·tochetstte: beJ .. ~.rH~® 
On<i' C&!. 1:0-tc thK 't 

l'!f'fc:'{; ""'~ 

'sty~esi] r;ltn~itlp?:' :f'rmctures tt-t. 
'i'!~·• ;;;n i;h® mverage zero at the inrual'; 

flow ~tr~T't3d on ths !l'i"@l"i!.~?.i!!' e;·~ the ene:·~ 

~'bo; l::.,~g€1 ~o1.mt o:l' obi><!ll'Vi!ltionm from Va~l)fd.ot& and D!tl"Cr:>: 

l!if!inmousl;w demonstnt that iru"Ub1El!i' whi tin the frt.~.etur·e ;row: 
•J>.r€1 e.ttt!!.::hco/; 1·o 1o1l!'-l!rtresl!l zon;c:c; "n~ to tl.'ul U.,c{hes'~; ~~e·~&f.Lah·~ ~ 
~r~1GY"gj? tt:un!"~·': c 

th.& emrpirica11y known 
of mtu:::i•w--~ f:'i"'ee tBa~~,.~t' 

coefficient 1\!Xr>X·· 
whole ~Bt!.~Y'>~', 

'f'ni;: C:(H!lffici<:~"ri:, G:q>rell!rHIII the ch&.nee of i!.rL.""'t.l!:lh;r;s• 1!!.1!1 :r.el<lted. 
to 'i:hl!l i:!'lner :riii<lil!lt!ine~ E'". ,;)f the proteotior. l<!ylllr. 'l'M.i! C3l:'l 
b': jui!!t~.fied thm"llgh the, lliigh-el'l<l!.;i"II':Y Doro.v, t:J:P!l l'lf!ilh!!! o·r 

18<'. 

IMWA Proceedings 1982 ABCD | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy



aquifer-protection layer where th~ tot&l yield Q/l-'/ of in
rushee ie i!.pprcxima.tely proportional to the surface area due 
to the quaei homop:eneoue tectonic fracturing /Szab6 and Sz~
kely, 1968.; Willaw, 1969, 1973.; heeerU and Willeme, 1970./. 

Because of thi111 surface proportionillli ty the total yhlde of 
inrue!.Htll!l ete!lli:!l:tng f·rom varioue protection. are compared for 
conetliint energr 1'0 and aurface area. Let ue denote lfo the 
average ;riel~ and fro the average number of inrushes undt~r 
giTen conditiorll!' fo": J.J• o, and "ill-'! and Pf/J.J/ the ellll!e for 

P"')-1:1.• Ncow the dil!lloh111rga deerea&inl{ coef!icient ? can be 
expr:!ti!lill!l(}. iM!i 

/25/ 

tha~ is~ ae the product of the average coefficients of seal
ing fJ.>/ and reducing ij5/1-'/. 

:P'rom ~uation /25/ follows 

/26/ 

the general h7draulic model of inruahea whoae solution can be 
found under different bouodary conditione in earlier papers 
/Schmieder, 19721 1976; 1979./. 

Coa~ing equation• /26/ and /20/, it can be aeen that for 
~/Y/ • 1 the two tunctiona are the aame, and the aealin~ co

efficient 

/27/ 

expreaaea the prob&bilit7 of inrush occurrence, 

If reaiatance E
0 

of the protection l~er lacks, that ia, the 
sealing coeffic1ent equals to one, th$!1. there ie an equal 
chance of inruah occurrence in everJ point of fault zonea in 
fractured rocke. The aTerage areal inruah denaity ia 

/26/ 
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Equation /28/ f'ol1owe fr<>lll thl! tm@r~ :2&ls.nee evq~tion, and 
k ia the aver&~e Reepa~~ eoef'tieient, L ie the of 
speeifio tectonic frllletl.crir:ll( !l'!.llt.111B, O.'n),/ &.l1d l.t!l thl'l 
s:t'l'era~~;e lueil. t:romnil!id 'Itt -ty o'! :fibu lt zon~a. 

The hid:er :1.111 the r!lZi:.iltlir.l<>e !ll of the J!Toteoticm l&yll!r, the 
!mE~ll•r illl the chance of ir.trulll'!&lli. '1'h11 empiril:l!i!.l fretn.aM'.,cy 
OV.l"fll /Fig, 2./ 

/29/ 

~lSiore ox~c·'t. int®~r,>~~~ ~:i ;~·:~z:.. .,~'! tl~e Bf.~.li.n~ coeff·ticier:rt 1. ~11 
y.Hsllible if '11'11 conul./l;,:r. ~>:;u~tionl'l /<'1/ and /27./ !~.nd U81!1 
'"!'ilYlO!'-I!IIerie!'! of e-:t ·for mf<all v•luel!! of JJ:

0
/e

0 

:'Equ.lliltion /30/ ill a:!.mHa-7!' to <;he Boltzmann c!il!ltribution of 
i!ltatietic<>l t}UIT!liiOdynllllil:!.Cii! •• 1CC0Ji"'Ung to thii! >.i.:nll.lOgy, ~!!!lllil'!l) 
coe!ficim~-~ <J>:tp:l"l!ill'!~es the ordi'rin,~ of :ml!!r,ey condi ticr~J!I in 
the eyatl!lll'< of aquif"r"'Pi"'tection lll:yar, t:hlit ii>, itll eutropy. 
From thie follows th~t ~tate tranEition tr~eB nJace durin~ 
~elf-re~lation in ~ueh a way that entropy, that t~. r&tio 
E

0
/i

0 
increatUI(> in i!!. !i!IWrilll'•.m~ degree. 

E•tual:!.zat:b:m occun wlum tl:J"!! at~~lllli,::g coefficient ~>ertl!l.ining 
to a table jj'l;&te b®t;~••ill>llll z~ro, or the rati.o wU.l b® l: 

186 

!0 + Ll ~ 
cu - t.1 ii!) 

.. 1 /31/ 

/32/ 

IMWA Proceedings 1982 ABCD | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy



t;7.1! general mathematical model of self-re~lation, that is. 
the control of %quiter-protection layer system is reached. 

lf mtroN /31/ incre&IUI!I in a epontilneoua ws.y without human 
activity eelf-re~lation corr8sponda to passive control. 
Otherwise active c~ntrol will take plac~ 3UCh ae stress re
ductio~ gronting, Wi!lter protection pilllllrs. inetMtM or 
combined protec·l;ion. 

6. POSSIBILITIES 0~ IWRUSH CONTROL 

n./ Ona of the most generally ueed methods is stress reduc
tion /Pig. 5.a./. Cc.n.:1itionll of ~quilibriUJII are that the 
amount of stre11e reduction equ11.1.a to the avatlable enerpy, 
that ill, equation /32/ holds for ev·ecy point. 

/33/ 

the necessary -ount of dimcharge to be pu!'IIJI"d is Q0;//~/. 
b./ Another widely &p?lied control method is granting /Pig. 
5.b./, Its principle illl to :l.ncree.se the resi1llt&1ce o:f th& pro·
tecUon la;rer 

/34/ 

for the increase of entroPJ correepondin~ to the equilibrium. 
In the limit case, ener~ will not change on the average, thus 
~/1-'/. o. 
Not only local gronting but control of whole blocks are poe
eible with cement, fl:rash or clay, but a emall chance of inrush 
occurrance will l!tiQ' in that caee /Schmieder et al., 1976,/. 

As a consequence, in addition to ~nting a pumpin~ station 
should alec be constructed for the capacity of the expected 
maxi~ inruah :rield qma /~/. Subsequent control of inrushes 
in spite of ~nting may~e alAo necessary. Such methode are 
known in passive protection. 

A preventi<ve for~~~ ia the water control pillar elonP faul te, 
boundaries etc., aiming at eliminatin? the po6sibility of in
rushee, or, 1!11'1 Pig. 5.c. !!hcwe, g:tvin,; l!!q_ual chlince for the 
fault l'm•l. the underlying <~quife~·. Thie condition ie Sl!ti!!
:!"ied if tha Bealin~J: coefficient, ox· 'h~naH!Iquently the prote<:!
tive layer reeietanee iij inotrope, 

lb7 
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If the condition of water movement beginning is connected 
to the threshold gradient, for multilayer rocks of various 
quality, the equivalent ·thickness from eealiBg aspect can 
be expressed by the helP of the ratio of threshold gradients 

..2.£L /.3i .. 
Ioe 

/35/ 

as a product /Schmieder, 1970/. 

/36/ 

If a higher enerQ" threl!lhold governs "f!l.ter movement beginning, 
the equivalent thickness, or the protection of the water con
trol pillar can be determined only by rock-mechanical tools. 

c./ A new, lese kno1m control method is the instantan protec
tion /Kapolyi, 1975, 1976, Kapolyi, Schmieder et al. 1976/, 
which utilizes the ei!lllll taneous cr.ange of ];)rotact~on layer 
resistance and. aquifer energy oondi tiona oy a planned induc
ing of inrushes in advance. 
The principle of paesi •,re c~ntrol is that the ·:lrainage network 
\:Orre!!ponds to produciPg mm.ng spacea. Thus, the aquifer 
energy r!!duc:tion, A so and the higher T"'ileiatance, f, E,J result 
in inrushes into minin.& open:u:tgs. The equilibricm ie. ex-press
ed by equation /32/. 
Th~ incr!!ase of t~rotaction layer resistance is cs.uaed by a 
change of tha set E • As a resuH of actual inrtJ.sh:>s the 
!i!malleet values of ~0 '!'I.Lll btl dropped from the !l!l't.Consequer;t
ly, I])JCcept ainguJ.<~.rU;iaB where i:n.""Ushea occurred th101 resia
tmwl! relatively inc:nJal'lee, Jl.vailable oJJllfH'Ii!J is gradually di
minisning, and inrusheS, oc.cur ss long a.s the equ:l.li".:lrlum as 
exprollsed by equation t32/ ill restored, 

This n.atural procl>ss 
through the formation 
from mi:1in.g opcninge 

1..1t:tli?;f!6 by t!1e inst~;:.r!.tr .. n ~;Dntrol 
<l3l :-~z~~i;ria.ge f(yP.tem inderc~ndently 

g-. ~' 0/ .... 

?'*t''">-0n the aquiftn• ;Wd !!lining 
the coll.l seam :lr the protl!lctio:,, 
cor>~;.ructed prior tc )llining 
dru . .:..1ngs, Th~e dr<'H:tt;,gll 
'l'.t a .;:ontrollad provoking 
a.ll JD9JJ.ru'"'l, 

Af;; 'k r-a~rJ.lt.,, ta.~.YEiJJ5:~~,:~~u' t.:~n~·r 

,;ppr-~a.ch ·tha "'1.::<il5.b:rillll'i 
-..::-\_,). :"r-:,_.ng in .. r~,; ~/":; ;-', (C~.. ~f...,~l.t.CS 

a,. tiH::; hi6il~r 
:.cr~s uierablc axtr'i!. 
&d for the n~w 
!llL~1.\ 1 1978/, 

'"·!:! p·.,·,·:·a~ter' L1 
B. dr;ini~ -laYst;~, :.a 

\'lll.tllr C'..ltB and 
~in1ng activity BlDG 
whicJ: ·flo;~ld occur·· b::r 

oe-
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The name •instantan• refers to the simultaneous process of 
atreea traneforaation during drainage ayetem construction 
·the the eubaequet exploration and mining. 

d./ An important element of inetantan prohction if the poet
-gronting of inrush~•· !hie method became .Iii\ control method in 
Hungarian mining after Schmidt /1926/, and used mostly for 
closing high-yield inrushes /Ajtai et al., 1962./. Some data 
illuatrate ita effeotiveneea. 

In the Dorog coalfield the inruah yield was hi~er than the 
average in 16~ Mong 700 events. This 16" conveyed eome 8"" 
of the total flow. By poet-gronting the small number of in~ 
rushee of exceoa yield, only 8-1~ of the total flow had to 
be pwaped. 

Paat-gronting can be effected from the surface /Schmidt, 
1932; Ka881ln. 1948; Albel, 1950; Kalman. 1950; Honv~d and 
Sc~~ieder, 1978./ or from mine openinF8. this method chan~ee 
thfl state of equilibr11.1111, but 1oee n.ot increase coneiderably 
the chance of :further :l.nruahee since the other pointe of the 
protection lay~r have l&rger reai~tanoe E

0
• 

e./ Eeonomic controi of the bigheat reliability can be achiev
ed bf & proper combination of the former ~ethode. T.hio combin
ed prot&etion aima at pumping miniaua amount of groundwater 
for the neoeaear,r safety l0vel. 

Water table lowering :requir'<~l!l the highest amount of' pum~in~. 
If Wtitlllr level equale lllining le·~-,.1, the expected total f .• ow 
ill 'Q'0 with 11. relative "l'l!,lue of ""·"' 1. Under the ll!'lllle condi·
tionl'l, discharge reduction ooeffietente, exvre11aing the rol11 
of the protection 1\ll}'er j'!lr the o·!,her methodl!l lll.re: (;.,/).?/ for 
e_!;~eea_ reductign "!; />-!/ 'P />'/ for instentan ])rotecticn, 
/«-/ !J/ 'f /"/ > JJv7JI '?/"'/'for combined :cnsts:it&\n .~md x:ub111:1q_uent 
Kronting, and "!.- "'0 for oo!llbinl'ld infltMt1!!:n and regicmal ~n
ting. 

In 1!1Ul'l'l!1!arizing, phomom~ma of :n:;e:k &.:ld 1'l'li!t~r wer-e an!!.l:J:E<"'1 il~ 
the syet!!lll of aqu:t'l'er-protsct:!.on l~eyer. A uniform physical 
view wa11 Ul!€•j for con'lliiil!lr:ing thl! operation of t,ll, prot't!ctl.on 
layi!!r, Md i.ts !!t:ti'l'l!l u:t:iHo;;ation Md oor.troL 

It :\.e cl~:,mr th~t pr•.Cltsetion 1~eyer <'i'!t~ct (:M b'l utilized 1:1 iii. 

cmaplel: roa."l•.Hn· scco'!"ding to mining ll!XlH!lri cn:c .s. An incl."el!i.se;1 
utiU.zatton is -rra.nted by :frowing !!'i'ining d!lp'l;hs, a."l.d illcre 
et11'ing.,nt \'!conomio and ~mvirt)n!lle;~tal conl!ltl"'[ii\'1tW /"lchmi~d~r 
Md :lr!!!S!H!r'1, 1978; :'ldmd;.;,hl.'l" 1978./. In '!;;,·~!! PY'""~&tsst 
demanda llX'to 'Pt~fHrd to ()Of¢bh11§d !nstant~S.n 11nd nub-· 
'ilequmt gron.tfng, and the rdnforeem;;:nt of' the protllc:tiun 
to be ilp~U ~d in new minell! of thc:1 Eoc-~ne P:rog1·t,n, C()>;I!!I!1'-\U!'il1 
rd gher imphiUd!'l ehouJ d bo g-1 V81, l;o Ul'lde:cntMdinll: all 
proceea and in-!ei !tu obai!!r~atio~•e 'lfe;.·ifyi.ng theoretic«l r<;'!lU1 till 
b8aed on th~ above phy8ical view, 

ltl9 
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