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In the complex hJdrogeclcgicel and mining conditions found 
in the Upper Silesian Caol Basin the most appropriate met­
hod for predicting water inflows to coal mines is that of 
b;ydrogeological analogy • In this method the water inflow to 
a new mine is estimated on the basis of known inflow to an 
existing mine /analog-mine/. It is assumed that the differen-· 
ces in hydrogeological and mining conditions between these 
mines may be comprehended in differences in values between 
one or more characteristic parameters, which may be coal pro­
duction, mine depth, mined area, etc. A detai.led descrip­
tion is given of the most important parameter~ iu hydrogeo­
logical analogy, i. a. time 1 mine depth, mined are;;; and water-· 
production coefficient, their effect on water inflow to mi­
nes is analysed and also the relationship maintaining bet­
ween them. From a theoretical analysis of relatio~g existing 
bet"'een developmant of inflows and variations of above men­
tioned parameters together with statistical analysis of 
known inJlows and coal productions from all mines of the Up­
per Silesian Coal Basin over the last thirty years, tr~ee 
methods for prediction of water inflows were eleboreted,i.e.; 
- a method baaed on trend of inflow and production, 
- a method based on inflow trend, 
- a modified method based on water-production coefficient. 
The choice of method depends on the nydrogeological and mi­
ning conditions in the mine for which the water inflow pre­
dictio~ is required and in the analog-mine. Right choice of 
analog-mine is a basic coudition governin~ correct evalua­
tion of predicted inf'lows. The reliability of the inflow pre­
diction calculated by means of the given formulae may be es­
timated by calculating the confidence intervals at the assu­
med significance level. 

2S& 

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

Reproduced from best available copy



INThODlCTIOll 

The construction of new coal mines and developr:lt:nt of 
existing ones makes necessary to design properly the mine 
drainage installations and to secure the proper use or dis­
posal of mining waters. These problems have impor·tant mea­
ning as well for the protection of mining wo1·kingc against 
water hazard, as for the utilization of undere;round water 
resources and protection of surface waters against pollu­
tion. 'l'htJ proper solution of these problems ma,y be obtai­
ned onl,y on the basis of pos:o.ibl;y eYact and reliable ap­
preciation of the predicted quantity of watel' t.h1.lt will in­
flow into new or developing mir~e in the perspective period. 
Prediction of water inflow to new <omd dcvelopin;; coal :Ji­
nes has thurefore ar1 essential tecrwical a;ld ;;conor~ir:al J•e­
anin..;. 

·.[h<;re are two groups of meti1ods use tor predictill.G thu wa­
ter inflows to u:ines. The first onu is based on tHe determi­
nistic ar:proach. Here belen;,; metho<. s takin,, into account 
equations of fluid seepage in porous ;nedium, 1'1·om tne sim­
plest analytical ones to very sopriisticated methods of mat­
hematical modelling. The chief ciifficult;y in thf:, practical 
use of these methods is the necessity of ~ood reconnaissan­
ce of hydroi5eological conditions in the vicinity of dne in 
order to determine properly the boundary com.:ib ons of the 
model anci parameter::; of deterministic equation..c;. Usually the 
re~uired nydro~eolo~ical data are not available. 

The second group of prediction methods is based on the pro­
babilistic approach. In these methoas water inflows ere con­
sidered as statistical population, which in cora1ect ion with 
other natural end technical factors, ma;y be multi-dimensiu­
nal. Here belong numerous methods of hydrogeolo~ical analogy. 

In this paper we have given a short review of various hyd­
rogeological a11alogy methods most often used• ·ne have dis­
cussed the most important factors influencing the develop­
ment of water inflows to mines end on this basis we have 
presented three methods for prediction of water inflows to 
mines elaborated in the Central ~ining Institute at Katowi­
ce. 

OUTLINE OF HYDROGBOI.OOICAL ANALOGY ME'l.HODS 

These methods ere baaed on calculating the predicted water 
ini'lows to new mines or to new panels and/or working le­
vels. of developing mines, using the k:nown inflov1s to mines 
work1ng in similar geolo6ical end mining conditions /analog-
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mines/. Usually it is aatumed that the icfl ows to both mi­
nos are proportional to one or more ~laremetot·n, like coal 
production, mine depth, minecl l'll'tl&, J.eosth of ~aller1eo, 
time and so on. 

The most known wipetY used is the method of water-produc­
tion coefficient l4J, [9], [12], in which it is assumed that 
the water inflow is proportional to the coal production 
and the water-production coefficient is calculated as a ra­
tio of the water ::Lo.!'low to coal production in the analog­
mine. The predicted inflow is calculated as a product of the 
planned coal production in new mine and the water-produc­
tion coefficient. 

The calculation of predicted water inflow may be made more 
complex by introduction of additional parametere. For ins­
tance the difference between depths of the new mine and the 
analog one is taken under consideration by mUltiplying the 
pfegi~ted inflow by the ratio of both depths ot ita root 
L~+l;l9J. 

In the geolog1ca1 analogy method ma;y as well occu.r hydroge­
ological parameters lUe Darcy's coefJ i ci '-'I•t., tld c:hrli?SI:. of 
water bearing strata etc. The w~ these parameters can be 
taken into account is given .i.n Lb] • 

More improved methods of hydrogeological analogy may be de~ 
veloped by using a regression analysis. On the basis of ail.f'"' 
lo~-mine data calculated are coefficients of the multiple 
regre as ion equation of the in.flow • These depends on various 

geological and mining parameter• which are Qsed to compare 
both mines. The predicted inflow is calculated by including 
in regression equation, parameter values related to the ne~ 
mine. The regression equations ma;y be linear or non-linear 
polynominals or else power products. These methods are used 
b;y ltusshn inveiiitigators [3l[8J and .Polish ones [<-'] ,[13] • 

The particular kind of regression equatiolls t~re trend aqua_, 
tiona in which one of independent variables is t ima • The 
trend methods ~re important in the matter UDder discussion 0 
because the drainage processes are unstable in time. Parti­
cular attention deserveo the method of trend-line elabora~ 
ted by z. Wilk [11], [12J • It consists in determining cost\~ 
ficients of regression ~quation of the inflow in relation 
to the product of lllined area and mean depth of mining wcr-, 
kings, input date being determined on the basie of smooth­
ed time-series. This method is widel;y used in Polish coal 
mines. The detailed description of the method ma~ 2e found 
in the original paper of its author [11] and in L6J • 
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}'or tha t.;;;tter cmd;-n·stendl.~ of tt.e lll<~~<nirlt' of purt;.<:ulsr 
peralll®ti!t"!: in veri.ous kinds of !zy cl.rq;eolo~ical. an.alogy 
m~thods. 1ve l:wve cti.scumHld hereunder the most J.lllportent 
ones, i;e. time, mine depth, :nineli\ area >JOd weter-produc­
tion ,:oafficient. rlie have tried hereby to trsow :.>O!IV? 

light em connections occu.rri.og Detween tll.'!lm. 

For t.rsnd equaticru.; the occurrence of t '.rue s.s 1m indq:en­
dent variable ie characteristic. •.rhe tis;;a v3ri.uble is use­
ly introduced as Bn arithmetical pi·og.res"ion. Values of re­
maining indep~ndent variables occu.rriD{:; in trw trend eq•.la·­
tion are related with particular terms of ti.me variable se­
quence. 

Introducing the time varieble into recression equation, one 
introduces th~reby c IIanges ~lf drainage conditions occurring 
during this time. since it lll!IY be asswned that the m3jority 
of cnanges taking place in the minE> !lnd in Bllrroundi r1g rock 
massive is some function of time,. The regres:cion equ.at.wn 
of inflow in relation to time iE ttlerefore resultant of re­
gres['ion functions of t.he ren<:::inirl€, parameters ::hangint\ in 
course of time, liKe mined area, mine depth, aeo:ee of 
dewateri::1!5 t:w rc;c::.; '", :ve, production inteasity snc ot-
hers. 

:l'ie1e ma;y be introuuced in 1 ''·', equations in tv.o 1·1ays: 
1/ as an arithmetical pl'O!;res<.ion, whose first term a 0 

corresponcis 'ii)th the uate oi <>tart of exrloitation 1in 
the given liline, 

:C./ as whichever arithmetit.al progres:;ion /in purticular it 
mey be a sequence of succeeding calendar yeals/. 

It could be thought that introauction of tu:e variable ac­
cordi~ to the first wa;y, it is as an absolute at>;e or mine, 
enables coraparisons between mines of differerrt ac~es. One 
could therefore calculate predicted inflows to desic;ned mi­
ne on the groLUld of known development uf inflows to l;he 
existing one /analog-mine/ operating in similar hydrogeo­
loc;ical conuitions. Newly designed mines nowev('r, on the 
:ontrary to old ones, bec;in extraction at e;reaL uepth. 
rhe;y develop at great rate and in few years the:J attain 
,reduction of a dozen or so of tbous&!nds of tens per day. 
~he de~ree of dewatering of tue rock mabsive in a new mine 
u:; therefore uncomparable ?lith one that- took plac<.: in the 
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oJ ·:-t aJ.n.~:: a~~ter t.hc arne tirnt:" ro'.l.~·,ted :t.inct-! t;·:·q_~lo1tf.lt-~.rn 

r;tc< t't ( 

'I'h~'"' trend ec~ust ion may bt~ a ver.-y_ e:o~-d tool far _'~AHter. iH-
1.1. p:·edictJ.on if i.t concerns t.::.~e sarr.e .:~:lne, 10:' -.,;b.ich 
it is elaborated~ In this cJse does not oc2Lrr dis~ordB~-
ca tb~ d0vel p~ase of inflows end tbe diffexe~-
ce o! the rate ~ines develop~ent, The pre~lction wa; 
concern for in.st6~.:··~ the develor:nent of vtBt,GI' )~nflcvJs .. o 
r::1~~ne in tne period of plaE.ncd .. o1tAticn 1..1 .. 1.! 01.·~; ~c the 
r;c·AJ exploit.ation leVt-Ll :1.nd 1 be r~e,. i 1'1 t css(~ 1t- tiH::~.kes 
;:~~-; d:1.fferences i: ... tL~~ time var.d;.t;J.e is Latrodueed :L~J tne 
·~end eq~ation aft~r ~~e f~rst the se~ond way. 

When tbe depth q 'lhorkinf:;:s iuGre:;asesf tv:o iJydr-(Jr~.eclog5.c 1 :L 
ramt>t ers ,.h: .. rtge 1 namely~ 
tncr-e~~~:;es the ~ydrostui:. tc !JrG-;:i~-TJt:.re of wate1' in rc~ck mas­
s:ive" which causes a:J.f;utentEP".ion of watt;r inflow tw mi-
nl.ng ·"'or king::., · 

2/ decreases the permeability of rock. n:sssive, wni.dl cau·­
<HIS dimi.uution of wa::er inflcwt> to workiHI$5. 

'l'he majority of authors 8'->SI.l.!lles that tne first iB 
dominant a:£1 "that in consequence water inf j ow6 pv,c;i ty 
when the depth of mine increases. It can be seen i~··tht:' way 
the depth occurs in numerous formulae of hydrogeological ana­
logy. In conditions of Upper Silesian Coal Basin tn~s opi­
nion does not find justification. It is observed here that 
water inflowa to deeper levels as a rule are smaller than to 
less deep ones. One can suppose there fore, that prevails here 
the second process. i.e. increases the degree of fissure 
compre:csion and decreases the intergranular permeability 
when depth augmente. 

The detailed analysis of the infiueDce of lliine Je·,tl: oL wa­
tcor inflov; t0 mining workings, carried on in tt.e ~entral iti­
ning Institute on grounds of the abundant empirical data [6] 
has enable to establish an appropriate formula for the em­
pirical coefficient ~ correcting the calculated predic-
tion of inflow when the difference between the depth of new 
mine H and analog-mine ~ is important. The formula is 

H1 
£ = ""tr /1/ 

'l'he coefficient s can be used only when there is a substan­
tial increase of the mine depth caused for instance by con­
struction of a new drawing level. When the svere(;P. dtlpth of 
mine changes slightly in the fral'!lework of unchanged drawing 
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level.s and 'flater inflows are predicted using trend equa­
tion, application of the coefl icient c: m11y introduce !ild·~ 
dltional errors. Changes of inflow'" related to changes of 
mine depth are in such ctu;e~> taken into considerGtion in 
the trend equation its&lf as changes of inflows in func~ 
tion of time. 

Produ.ction as a filrlction of mined area increment 

The measUI·ement of mined are11 and its increments on mi­
ning maps is very labour-consuming. In order to simplify 
the data preparation ~'e have considered the possibillt~· 
of replacement in trend equations the mined &rea h:crement 
with coal production. which is very well registered in llli.­
nes. 

The analysis of abundant empirical data, gathered in mi­
nes, has shown high correlation between coal production 
and mined are!! increment. Values of correlation coeffi­
cient; calculated for several mines are comprised in the 
majorit;y within the range of O.?b and 0.';19. Lower values 
of cor·reletion coefficient were stqted only in cases of 
erroneous planimeter mea:o\lrement of mined area incr.:ment s. 

Water-production coefficient as a function of coal pro­
duction 

The prediction of water ia.flows to mines witn help of wa­
ter product.ion coefficient is widel:y used in practice by 
design offices and geological enterprises. The method is 
based on calculation of water-production coefficient being 
the ratio of actual water inflow in the mine to actual coal 
production. The coefficient expresses then the inflow rela­
ted to the production unit. Sometimes instead of actual va­
lues of water inflow and production they take mean values 
from a periolli of several years. The 11redicted water inflow 
is calculated through multiplying the ~ater-production co­
efficient by the planned coal production of the mine. 

This method leads to i11portnnt error a in estir;!at ion of pre­
dicted water inflows and therefore it is largely critici­
zed. The detailed critical analysis oft his metuod used in 
coal mines of the Upper Silesian Coal Basin gives z. Wilk 

[ 12] • He has shown that time sequences of water in11ows 
and coal production are correlated as well positively as ne­
gatively and values of correl~tion coefficient demonstrate 
the dependence changing from nee;ligible to ver;y i1r.portnnt. 
·rhe abundant statistical data collected in the Central i.Il.-· 
ning Institute, concerning the water inflows and coal pro­
duction in coal mines for la;,t tl.lirty-years p:coves "tllbt the 
·:.;;tar-production coefficient E;enerally is not. a const nut 
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nL:lllber for a t_;ivcn wine, but ifl a dccH:asin!!; ~lli.ICtion of 
~imc and o, coal flroduction. it seem" t:..: h" ct'm~':"CIH:nsiLle 
by intuition if one te>i<cs undtJr con:.;i<..!eration ti.lu p·C'c•2r-:; 
of withdraw the static water resourct:s :from rock tua~sivc, 
progres!iinc vlitr. time, and tilt: c· .. nstant increesing of pro­
•Juctlon intt:n»ity in cord n;lneu, v;hicit cnu~ es ~;Oiil'' d•:lA~I 
of static water dralMge in !'elation to mined urea incn·­
m<.:nt. Thi£ rule is not confirmed in cases ot mince; with in­
flews coming from cJsnamic water reserves only. There are ve­
ry fow such mines however. 

The process of drawing out the static water rest:rvcs end 
of decreesi,ng with ·time the hydrostatic water prEessure 
within the depression cone, generated by the mine in water 
bearing rock massive is comprehensible and confirmed trJ 
several authors [4],~1],[7]. It can be analysed quantitative­
ly using solutions of Thei.-.;, Hantush, 3oulton and others, 
in dependence on h;ydrogeolcgical conditions, tr·ent ing the 
mine as a "big well'~ The drainae;e of static water reserves 
can be also analysed with help of nu~erical modelling. On 
the other hand, the influence of exploitation rate on the 
value of water-production coefficient requires more detailed 
elucidation. 

It is known from numerous observations in mines, that when 
the mining working exposes a water bearing stratum contai­
ning limited static water resources, the water inflow to 
the working is at first important and then it decreases 
gradualy, often till complete disappearance. Assuming that 
the water inflow coming from static water reserves decrea­
ses in ace or dane~ with Maillet 1 s formula for a source [ 5] , 
we have derived L6] a theoretical formula determining the 
dependence o:f water-production coefficient q_ on coal pro-
duction P >' 

~ = ~ [ 1 - ...;... (1 - e - aJP) 1 /2/ 

in which ~ is the initial water inflow in the moment of 
opening the water-bearing stratum with wor­
king, 

c, is the time coefficient in Maillet 1 s formula. 
The graph of equation /2/ is shown on Fi5o1. It may be pro­
ved, that function /2/ is decreasing independently on va­
lues of parameters ~~ ~ end P, which are always positi­
ves, considering their phzysical meaning. 

Pl<OPOSED liliETHCX:S FOR PREDICTION THE WATER IliFLOW TO COAL 
liliNES 

There ere presented hereunder three methods for prediction 
of the water inflow to mines, adapted to conditions of the 
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Upper Silesian Coal Basin, elaborst~d at tbe Ce:1trel ~li­
ning InRtitute in Katowice. Computnr prnr;r·•ua in Algol 
1204 language is elaborated to enable tho pl'HC~lcol RJ'­
plication of the methods with help of Odra 1,;:()4 computer. 

Method based on trend of inrlow and output 

Assuming that in mines drawing static water re;;ervcs the 
inflow in airectly proportional to coal production and 
inversely proportional to time, the followlw; form of 
trend equation is proposed: 

/)/ 

in which Q is the water inflow to mine in thousands of 
cubic meters per year, 

P is the coal production of mine in thousands of 
tons per year, 

t is the calendar year, 
A, B are coefficients of trend e-{uation. 

An exemplary graph of water inflows to wine computed with 
equation/)/, together with real in1lows, i;; given on 
Fig.2. 

Coefficients of equation /j/ have been colllputed for all 
mines of U~,per Silesian Coal .basin [b). T11en numerous expe­
rimc:Jtr. were carried on, consistin~; in computation the in­
flow values when coal production and time values were ex­
trapolnted out side intervals, t'or which equation coer: i­
cients have been calc,llated. For 7'; mines under cousidt3ra­
tion in 48 ones the coefficient B is ~ositive and variabi­
lity ot' infi ows proceeds in accordance witiJ ~<ssw~cd hypothe­
sin, i.e. in.t'lows increase when ;o1·oduction increao;e unci de­
crease with time. Inflow values n:ceiv~d when tiCle ond pro­
duction were extrapolated are cousi:,;teut ..,;itil otscl'vt:d inT 
flow trends in considered time intervRls. ln remt·linillc, mi­
nes tnc coe1'fic ie ~1t ll L. nel>otive an<l inflows decrease ,•,hen 
pr·orJuction increases alld v;:1en ;,r·oc.iuction i~; coJ.i'L:u<:;, t!£-y 
.i.ncre<;!;e v;ith tiae. Cha:1t3es of inflows are no:. in accordr:lll­
ce VJith the h,ypothesis assuwed. One :.;hou.i.d Bli.i-~ ose tnat do­
miuant are i1ere iutlows comiug from djna~·ic w;;teJ· reser·ves 
as v1ell as otner factOI'S iJ.<.!.eiJew:ent Oll proc:uction uevelup­
f"lent. In such cases e'iuation I j/ is not uue.JURte to ali­
ru.:ntat.i.on concitions of' tn€. tine. 

ior r:1ineL:, in ·,'1 •• ich inflow~ ar~.,.. i.nt . .:t.;f-·e;.~.der .. t un c 0111 i-'l'u:.J ~e­
tion, oul:. tir:tc i~ u:-ed as aHalo~:;:' p.;ra:c.t'tcr. Fod,;·' i1.,: 
to1m o•· ~rend equation for :;ucb c•.st:s ic; ~"·~~o:-•,u.: 
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;:.; 

i:1 V'li.ich a,b e::.·e coc1'li.cicr.t~ o1 ~.:·<.nr. e~ua~ion. 
AI: exerupl'ir:; e;rnph o!' e..;_uatlor1 /<+/ 1" ,c,i\:, '"' ou r c;;. ~. on 
the: bac"';;round or n,el inflo,,:;. 

Coef1'icier.ts of tc~uat:.i.on /4/ ere &leo comput~d lor· all c:.i.-
L':s of tne Up:·er :Silesian Coe~ casino ~t is l ta:.ed, L:.at 

tnis equation giveG a propel' BfilrOA.iwatiOU OJ : ir::e V"r:, in."~ 
.inflow,. anJ it lllllJ be ap~liC'lced tc calculn~e :.cot.::r· irli.o·,, 
predictions 'llnen equation/;;/ can no~ btc u.c.eG. 

Modified m~thod based on •ater-vrocuctio~ coeli.i.cient 

Above presented trend methods ::uay be Ubt:<l orJ.,'· to d~terminc 
tne wattr iHflow prediction in !JerLpective rerio1 for the 
same r~ine, for w!1icn trend coefficienti: v.ere L:ur:.putcd. ri,e 
water ir,fJo·:. prediction to e m:w mine l!eir~,: in '- tac:;e of 
designiU~: or under construe ior., r.•·ets ddfieult ies ir: L:1e 
way of introduc'llion of the ti:ne vari'll:le. It •. as ctJe cau~;e 
t!lat other Ir.ethod more suitable to such situa:ions iR ela­
bOr·nted. 

A:odification of tn~.; w&tcr-production coef! .-:i•·nt ,,;etuor! con­
cists in tRkine unr:er consideration the V2r1abil1t:: of ti.~.; 
eotJfficient in function of coal proJuctio~. On tHe 6I'ounu 
o:' nuwcrical experiments it is st<tted tnat Lt:~ oe~;t l'<'f;l<lts 
rJay be attained usin<:; re~.r'!ssion equation oi ;.o. er forrn 

q = p 
P· 

in v;h ich q,, is the '.llatcr-produ~ t ion coe fri~ i.::nt 
are co~fficienta of tnE: re.r·ession ,quation. 

/)/ 

F-redicted •:;ater in,flows to a min" are celcUJ.bteci !IS e f'l'O­
duct of wat6!:-productian coefl'icient and p~11..:.ed coql lro­
duction 

.P + 1 
lui 

On Fig.4 ir:; t)iven an exemplary e;raj:.h of e_,uation /tJ/ in 
c?rlfrontation wit!, r·eal inflows anci coal prnd·~ctH'll• 

Values of ard coefiicieDts hav~ been al~o coo0uttd for 
all wines of the Up~er Silebian Coal basin [u] • 
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ES'I'l!iiATIO~l OF Il>Y.'I..O.I Hili DIG ~·ION 1 S Cn ... D~t.I Lll'Y 

Significance of the corTelation connections between water 
inflow, coal production and time, beine the fred.1.ction' s 
ba1;is, may be estimated with help of Student s 'oest T r:;i­
ven tJy the for:::ula: 

T=.ti.vn-.;; 
1 - rt~ 

in ~hich n it> the I,u;nber of complet obsel·<atio.a.s, 
/'71 

h is the correlation coeftlcient ~iven by formu­
la: -,-----------

H =~ - ~;~: ~ /8/ 
in which Q are inflows measured in tue mine, composing 

input data, 
'-: are ir.fJ cwH, ceJc,dateo.i with help of the trend 

or re~~ession equation for input values of 
t and P, 

~ is the arithmetic lliean of measured inflows. 

'ihe correlation is significant if T is greater tL· r, the vo­
lue of .itudent' s t-ntatistic for n-~ nUJLber of de~rees of 
freedom at the assu.;:ned significance level. 

Values of correlation coefficient between water ini'low<> 
and independent variables are highly differentiated. It de­
pends probably on local hydro,;eological couoitions and on 
the &,nd of factors having dominant iufluence on the in­
flows voriability. Wl.len trend equo~ion:; /3/ and /4/ w•·re 
used, for 7) analysed mines in 46 tl::.t: co1·relation was sig­
nificant at the confidence level of 0.~5. The correlation 
between water-prod~&ction coefficient and coal p1·ociuction 
~;as signific'lnt in )6 mines and corrol8tion between inflow 
ond production /eQuation 6/ was sir;nificoot in 4(• mines. 
Low values of correlation coefficieut in trend e~uations 
/3/ end /4/ corresoond v;ith a::rroxirnatelJ· horL~<.'nt:'l liLe 
of inflows on e;raphs. It mean::; tnat inflow valu•;s a~e ap,.­
roximately constant in tim~, inuependcntly on tae varino­
les P/t or t. The inflow predrction is in t".~ C!J.se ec;uiva­
lent ·.r;itll assumiiJ6 tilat in future v.;~ter ir.f'lows will 
L1air.tain at tiw same level as tney were iu tne pt:riod for 
'Nhi.ch e4uation coefficients 1\ert.J co;h_·uted, ir.dept.Juder,t~ 
on the ,•1anned coal prouuction. 

Tt:.e lack of correlation bet~een water-oroauction coelfi­
cient and coal prOdUCtion does DO'; Wean the lACk ot' cor­
relation between water inflow and pro~uction. •n LUCh cn­
ses the ~·e of godified m~tnod o~ ~ater-proa~c:io~ eoef-
1rcient is equiv3lent to cne Cl11~~.ic n•tt-.uod, i11: !'i.cn LllC: 
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value of water-production coefficient is c onotant. '!'be 
accurac~: of the predJ.ction in ~uch cases is of course lo­
wer. 

The correlation between water-production coefficient and 
coal production ma;y be high also when there is no cor­
relation between water inflow and ~reduction. It happens 
when inflows oscillate in proximity of a mean value, in­
dependentlJ on the production develop•ent. In such a ca­
se the use of modified method of water-production coef ..• 
ficie.ut does not introduces an;y additional error, but 
the result is the same as if the mean value of measured 
water .inflows was accepted liS 11 predicted value. 

'•he credibility of the inflow prediction computed by 
means of one of given equatiou.s may be estimated by cal­
culating the bound<Jries of confidence interval at the 
assumed significance level. Therefore the standard de­
viations of the predicted value ~ na& to be calculated 
with the formula /9/ derived by traru;formation of tile 
formula for standard deviation of extrapolation ol' tne 
linear rc(';ression equation, Given by J.Gren [1 ]: 

5 = exp~-h u1 + +) f(lrucf + (lnxpr - ~n /lJ/ 

in which n is the nl.i.lllber of complete observatious: 
x is the independent variable, which l:l!l.Y be 

P/t, t or P 
x r is value of independent V3riable, for 

P vmich the prediction i;; calculated 
- 1~ 
lm :nL lnxi 

1 = 1 

2Jmct = ~ (1nx: - lilX'f' 
1 = 1 1 "} 

Extre~re values of the confidence interval fol' t .. e predic­
ted W'lter inflow .,., computed by on;, of equations /~/, 
/4/ or /b/ ma:; be calculAteu o:; meaLs of for~ulae 

~in= "'• 
•I .,t 
... • .:> 

i:1 1<!1 '•"'' i. is the v~;lue of .Studt::r.t' s .:tatist ic for· n-2 
nu~r.ber of decrees of freedo::: and es:.;t..mE:d si,.;nd ic;·uce l, __ 
vel. 

2(;8 
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For practical use of the sut;~ested m~ot:;ods, in tnt: Cen­
tral iW.ning Institute is elaborated sttitoblc f)ro~;rHm 
for the: Polish computer Od.l·a 1204. Tile input dllta 
preparation consists in settine; of a compl(.!te of three 
numberc, the first of v;hich is the celtndar yeer, tue se­
cond one is the total coal production in this year in 
thousands of tons and the third one is the total water 
inflow during this year in thousands of cubic meters. 

As a result of computation one receives coefficient va­
lues of equations /3/ /4/ and /5/, co1relation coeffi­
cient values, Student Is test value and data :i.'or predic­
tion's credibility estimation. Furthen;ore one receives 
arrays of predicted inflow values as functions of time 
and coal production together witll confidence intervals 
boundaries calculated on the confidence level o.~). 

SCOl~ AND 'iiAY OF PRACTICAL USE vF THE Fl<OPOSE.D 
ME'l'liODS 

PropoE:ed methods for prediction of 7'ater innows in mi­
nes can not be used automatically without critical analy­
sif: of thei.r results made in the context of totality of 
hydrogeological and mining conditions of tlw t_;iven mine 
and surrounding rock massive. 

The trend methods are intended for prediction of in­
floVvs to the same mine for which equation coefficients 
are calculated, in periods of planued coal proauction. 
The equation /3/ may be used in mines, in v.hich B-oo­
efficient is positive, it means the correlation between 
the itlflow and the quotient of pr·oduction and time is 
positive. In remaining mines changes of inflo~s are in­
dependent on r.roduction development, therefore the use 
of equation /~/ is recommended. 

The modified method of water-production coeL ic ient is 
intended for prediction of inflows to new mines, beinG 
under designing or construction, on the gr~und of 
known development of coal production and water inflows 
in the past, in another mine being in similar hydrogeo­
logical conditions /analog-mine/. The use of this met­
hod may increase credibility and accuracy of inflow pre­
dict~on when in the analog-mine occurs a significant 
correlation between water-production coefficient and 
coal production as well as between water inflow and 
coal production. 
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When the int'low prediction is computed to a new extrao­
tioJ;~. level in a developing or DBW mine, whone mean de.<~'l 
differs significantly from that of analog-mine, we recc,m­
mend to correct the results received by means of equa­
tion /3/, /4/ or /6/, multiplying then by _ coefficient 
determins d by formula /1/. 

Always when inflow prediction for a new mine is calcula­
ted, one has to keep far-reaching caution and critical 
judgement towards res~lts received. One has to remember, 
that the coal production is only one of several factors 
influencing the development of water inflows to mine. 
Therefore the basic condition of the proper estimation 
of predicted water inflows to a new mine is the correct 
choice of the analog-mine. When the analog-mine is incor­
rectly chosen, even the best method can not warrant a 
proper prediction. 

References 

1. Gren, J. Statyatyka matematyczna- modele 1 zadania. 
PWN, Warszawa /1978/ 

2. Hoffman, M., Szyszlo, D. Zastosowanie metodJ korelacji 
wielorakiej do prognozswania doylyw6w w6d do kopalni. 
Technika Poszukiwan, N 4 /1974/ 

3. Kne-rcer, W.G. Primienienijt matemati~eskoj statist1-
ki dla prognozirovanija Britokov vodJ v ~achty. Roz­
vedka 1 Ochrana Niedr, N 9 /1967/ 

4. Krajewski, M., Wilk 1 z. Hydrogeolo~ie kopalniana. Po­
radnik G6rnika, Vol.I, Wyd. "Sl!lsk ', Katowice /1971/ 

5. Pazdro, z. Hydrogeologie og6lna. Wydawnlctwo ~eologicz­
ne, Warszawa /1977/ 

6.Rogo~, M., PosJlek, E. Prognozowanie doplyw6w wody do 
kopaln zmodyfikowanymi metodam1 trendu 1 wspslczynni­
ka wodoprodukcyjnego. Frace GIG, Komunikat N 711, Ka­
towice, /1960/ 

7. Syrowatko, M. W. Gidrogeoloe;ija i ini;ynierna ja e<;eolot';i je; 
pri osvojenii ugolnych mestorozdenij. Gusgortiechiz­
dat, Moskwa, /1960/ 

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

Reproduced from best available copy



8. Tka~uk, E.I. Proggoz ~achtnych vodopritokov. Rozvedka 
i Ochrana Niedr N 9, /1972/ 

9. Turek, s. Szacowanie doplywu wo~ do wy~obisk gQrni­
czych dokumentowanych zl6z. Poradnik Hydrogaologa, 
Wydawnictwa Geologiczne, Warszawa /1971/ 

10. Wil.k, z. Zawodnienia a wielkoac i gl~bokosc kopaltl 
we wschodniej cz~sci G6rnosl~skiego Zagl~bia 'Ntglowe­
go, Wydawnictwa Geologiczne, Warszawa /1965/ 

11. Wilk, z. Rozwoj i zmiennosc zawodnienia polskich ko­
paln w~gla kamiennego. Zeszyty Naukowa AGH, Zeszyt 9, 
Krak6w /1967/ 

12. Wilk, z. Zwi~zki mi~dzy wydobyciMm a daplywami wo~ 
do kopalil G6rno8l~skiego Zagl~bia ~glowee;o. Zeszyt;y 
Probl. G6rnictwa PAN, Zeszyt 2 /197)/ 

13. Wilk, z., Szyszlo, D.: Analiza por6wnawcza obserwowa­
n;ych i prognozowacych r6i:.~ni metodami doJ;l~.w6w do ko­
paln gl~bino·:1ych w Folsce. Biuletyn IG. Z badali ilJd­
rogeologicznych w Polsce. ~yd. Geol. 

:!(l 

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

Reproduced from best available copy



272 

List of Fie;ures 

Figure 1: Graph of equation /2/ 
P - coal production 
~:- - coal production coefficient 
~ initial water inflow 

<; - time coefficient 

Figure 2; Graph of Water Inflows to X-Mine 
Qr - real inflows 
Q0 

- inflows computed as the function of ti­
me t and coal production P 

Figure 33 Graph of ·/later lr1flows to Y-Mine 
r;;{ real in11. ows 
Q0 

- inflows computed as the function of time t 

Figure 4: Graph of \1/ater Inflows to Z-Mine 
Qr real inflows 

Q0 
- inflows computed as the product of coal 

production P and water-production coef­
ficient ~ 
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