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ABSTRACT

In the complex hydrogeclogicsl and mining conditions found

in the Upper Silesian Caol Basin the most appropriate mete
hod for predicting water inflows to cocal mines is that of
bydrogeological analogys In this method the water inflow %o

a new mine 1s estimated on the basis of known inflow to an
existing mine /analog-mine/s It is assumed that the differen~
ces in hydrogeological and mining conditions between these
mines may bs comprehended in differences in values between
one or more charscteristic parameters, which may be ¢08l pPro=
duction, mine depth, mined area, etc. A deteiled descrip=
tion is given of the most important perameters in hydrogeo-
logicazl anzlogy, l.es time, mine depth, wined srez and water-
production coefficient, their effect on water inflow to mie
nes is apnalysed and also the relationship meintaining bete
ween them. From a theoretical snalysis of relstions existing
between development of inflows and variations of above men-
tioned parameters together with statisticsl analysis of
known inflows and coal producticns from gll mines of the Upw
per Silesian Coaml Basin over the last thirty years, thres
methods for prediction of water inflows were elsborated;i.e-:
- g method based on trend of inflow and production,

- & method besed on inflow trend,

- 3 modified method based on water~production coefficicnt.
The choice of method depemds on the shydrogeological and mi-
ning conditions in the mine for which the water inflow pre-=
diction is required and in the analog-mine, Right choice of
analog-mine is a basic couditiop governing correct evalug-
tion of predicted inflows. The relisbility of the irnflow pre-
diction calculated by means of the given formulse may be es~
timated by calculsting the confidence intervals at the assu-
med significance level.

258

Reproduced from best available copy



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

INTRODLCTION

The construction of new coal mines and development cof
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 important mea-
ning as well for the protection of mining woirkings egeinst
water hazard, as for the utilization of underground water
resources and protection of surface weters against pollu-—
tione. The proper solution of these problems may be obtai-
ped only on the basis of possibly eract and reliable ap-
preciation of the predicted quantity of water that will in-
flow into new or developing mine in the perspective period,
Prediction of water inflow to new and developini; coal ui-
nes has therefore an essentisl tecnnical and economical jie=
aninge

There are two groups of mstnods use tor predicting the wa-
ter inflows to mines. The first one is based on tne determiw
nistic spprosch., Here belonyg methous taking into account
equations of fluid seepage in porous wmedium, from tne sime-
plest analytical ones to very sopoisticated methods of msat-
hematical modelling. The chief difficulty in the practical
uge of these metnods is the necessity of good reconnaissans
ce of hydrogeological conditions in the vicinity of zine in
order to determine properly the boundary concitions of the
model and parameters of deterministic equations, Usually the
required hydrogeological dats are not availsble.

The second group of prediction methods is based on the pro-
babilistic approach. In these methoas water inflows are con-
sidered as statisticel population, which in cornection with
other nstural and technical factors, may be multi-dinensive
nal. Here belong numerous methods of hydrogeological analogye.

In this peper we have given s short review of various hyd=-
rogeological analogy methods most often useds We have dis-
cussed the most importent factors influencing the develop-
ment of water inflows to mines and on this basis we have
presented three methods for prediction of wster inflows to

mines -elaborated in the Central kining Institute st Katowi-
C8,

OUTLINE OF HYDROGEOLOGICAL ANALOGY METHODS

These methods are based on calculating the predicted water
inflows to new mines or to new panels and/or working le=-
vels of developing mines, using the known inflows to mines
working in similar geological and mining conditions /snalog-
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mines/, Usually it lz ascumsd that the inflows %u both mi=
nos are proporticnal to one or more parsmeters, like coal
production, mine depth, mined amres, length of gulleries,
time gnd 80 Ona

The most known widely used is the method of waler-produc=
tion ccefficient L4],[9],[12], in which it is sssumed that
the water inflow is proportlonal to the coal production

and the water=—production coefficient is calculated as & ra=
tio of the water inflow to cosl production in the analoge
mine. The predicted inflow is calculated as a product of the
plenned coal production in new mine apnd the water-produce
tion coefficient.

The calculation of predicted water inflow may be made more
complex by introduction of additional parsmeters., For ins—
tance the difference bstween depths of the new uine end the
analog one is baken under consideration by amultiplying the
Lpﬁe?iqted inflo®w by the ratic of both dspths ot its root
4] 194 »

7

In the geological anaslogy method may as well cccur hydroge-
ologicel paramevers Like Darcy's coefficient, thickresc of
water bearing strata eotc. The w theae peraneters can bs
taken into sccount is given in fg] .

More improved methods of hydrogeological analogy may be gde-
veloped by using a regression analysis. On the basis of ans-
leog-mine data calculsted are coefficients of the multiple
regression eguation of the inflow, These depends on various
geoiogical and mining persmetars which are used to compare
both mines. The predicted inflow is calculated by including
in regression squatlion, parameter velueg related to the new
mine., The regression equations msy be lineer or non-linear
polynominals or slse power products, These wmethods are used
by Xussian invedigators [3] [8] and Polish omes [2],[13] .

The particuler kind of regression equations are trend squa-
tions in which one of independent varisblss is time, The
trend methods sre important in the matter under discussion,
becguse the dralnage processes sre unstable in time. Parti-
cular attention deservsg the method of trend-line elsbora-
ted by Z. Wilk {11],{12] . It consists in determining ccsf-
ficients of regression aguation of the inflow in relation
to the product of mined area and meen depth of mining wor~
kings, input datas being determined cn the basis of smooth~
ed time-series., This method is widely used in Polish coal
mines. The detailed description of the method ma e found
in the original paper of its author [11] and in EBS .
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HOBT TWPORTANT YARAZMEUERL OF dYLROGEOLDGICAL &4ALLGY

For the uvetter undesrstendisg ¢f the mesning of purticuler
paraweters in various kinds vi Wydiopevlogical analogy
mathods, we have discussed hereundsr the most imporient
ones, i.6. time, miune depth, mines srese snd weler-predut-
tion vpefficlent. ¥e have tried hereby to throw soms
lighs on connsctions occurring between thenm.

Time fecior

For trend eguetions the occurrence of 85 an indepen-—
dent wvariable is chgracteristic, The varizble 1s usee
ly introduced as en arithmetical progresssion. Values of re-
malning indepsudent variables cccurrinpg in the trend eque-
tion are related with particulsr terus of time veriable 356«
quence.,

Introducing the time varisble into regression eguation, one
introduces tharsby changes ¢f dralnsge conditions cccurring
during this time. simce iU may be sssumed thet the majerity
of cnanges taking place in the mine and in surroundiag rock
magsive is some function of time. The regresszion squation
of inflow 1ln relstion te time is lherefore resultznt of re-
gression funcitions of tne remaiping parsmeters changing in
course of %time, like wiped ares, mine dgpth, asgree of
dewatering the roak ..a. (ve, production intensity andé ot-
herss

Time may be introduced in {fr:1 equations in two ways:

1/ a8 an arithmetical progrecssion, whose first term &, = O
correspondas with tne date ol start of exploitstion in
the given wine,

2/ as whichever srithmetiesl progression /in particular it
may be a sequence of succeeding calendar yeais/e

It could be thougnt that introeuction of time veriasble ac=
cording to the first way, it 1is es an absolute age of mine,
enables comparisons between mines of differemt sses. One
could therefore calculste predicted inflows to designed Bi-
ne on the ground of known development of infiows to the
existing one /analog~mine/ opersting in similar hydrogeo—
logical conditions. Newly desizned mines nowever, on the
contrary to old ones, begin extrscticn at yxreasl aeptihs

They develop at greast rate and in few years they esttain
?roduction of a dozen or so0 of %housands of tons per day.
lhe de:;ree of dewztering of toe roci messive in & new minc
1S therefore uncomparable with one that took placec in the
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she same time courted sloce vxploitetion

The trend equaticn msy bz & very ood

s,

or waler ine

low prediction 1f it concerns Lhe Bame e, for which
t is elaborsted. In this cese does n g i discord

ce of the development phase of inflows and the differen-
¢e of the rate of mines development. The predictlion way
cencern for imstencsz the developumsnt of wsver inflovs wo

ine in the period of planned expioitation, lulicws to the

i ation level aad the In this cese it mekes
nces 1F the Ulme variab is introduced luo the

nd equation after the firast or the second way.

~

two hydropecloghend

increases t hydrostatic pressure of watel in rock mas-

sive, which causes sugmentsiion of weter inflow t¢ mi-
ning workli

2/ decresses ¢
s88 diminub

¢ permeability of rock massive, which cet-
ion of weter inflows To WOrkiuus.

The majority of suthors assumes that tne first prences
dominant a:4 that in consequence water inflows lutensity
when the depth of mine incresses. IV can be seen in the way
the depth ocecurs in numercus formulse of bydrogeological ana~
logy. In conditions of Upper Silesisn Cosl Basin this opi-
nion does not find justification. It is observed hsre that
water inflows to deeper levels as & rule are smaller than to
less deep ones. One can suppose therefore, that prevails here
the second process, i.8. incresses the degres of fissure
compression and decreases the intergrenular permeability

when depth augmente.

The detailed sralysis of the influernce of mine deptl o1 wae
ter inflow te mining workings, carried on in the tentral Mie
ning Institute on grounds of the abundant empirical data [b]
has enable to establish an appropriate formula for the em=
pirical coefficient ¢ correcting the celculated predic-
tion of inflow when the difference between the depth of new
mine H and analog-mine 51 is important. The formula is

H

1
€= TH //

The coefficient ¢ can be used only when there is a substan-
tial incresse of the mine depth caused for instence by con-
struction of a new drawing level. When the average depth of
mine changes slightly in the framework of unchanged drawing
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ievels and water inflows sre predictved using trend equae

tion, application of the coefiicisnt ¢ may introduce ad-
ditional errors. Changes of inflows relasted %o changes of
mine depth are in such cases taken into consideratiocn in

the trend equation itself as changes ot inflows in func-

tion of time.

Production as 8 function of nmiped area increment

The meesurement of mined ares and its ipcrements on mi-
ning maps is very labour-consuming. In crder to simplify
the data preparation we hsve coneidered the possibility

of replscement in trend equations the mimed sres increment
with ceal production, which 1s very well registered in mi-
nes.

The analysis of abunden® ewpirical date, gathered in mi-
nes, bas shown high correlation between cosl producticn
and mined ares incromemt. Yalues of correlation coeffi~
cient calculated for several mineg are comprised in the

ma jority within the range of U.7% and 0.99. Lower values
of correlstion coefficlent ware stated only In cases of
erroneous planimster measurement of mined area increments.

#ater=production coefficient as a functiocn of coal Pro=
duction

The prediction of water inflows to mipes with help of wa-
ter production coefficlent is widely 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 te actual coal
production. The coefficient expresses then the inflow rela-
ted to the production wnit., Sometimes instead of sctual va~
lues of weter inflow and production they take mean values
from & periocd of several years., The predicted weter inflow
is calculated through multiplying the weter-production co=-
efficient by the planned cosl production of the mine.

This method leads to luportamt errors in estimation of pre~
dicted water inflows and therefore it is lergely critici=
zed, The detalled critical snalysis of this metuod ussd in
cosl mines of the Upper Silesisn Coal Basin gives Z. Wilk
f12] . He has shewn that time sequences of water intlows
and coal production are correlated as well positively &s ne=
gatively and values of correlation coefficient demonstrate
the dependence changing from negligible to very important,
The abundant stavictical datae collected in the Central iii-
ning Institute, concerning the weter inflows and coal pro=-
duction in coal mines for last thirty=years proves tiet the
water=production coefficient generally i< not a constant
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pumber for a given wine, but is a decressing suuction of
vime and o, cool production. It seems te bu comprenensible

by imtuition if one takes under consicerstlion tue process

¢f withdraw the static water resources from rock massive,

progressing with time, and the cunstaant increesing of pro-
dquctlon intensity in cosl mines, which cpures sew: delmy

of stetic water dralnage ip relation to mincd urea incre-

ment s Phis rule is pot counfirmed in ceses of mines with in=-
lows coming from dynamic water reserves only. There are ve-

ry fow such mines however,

The process of drawing out the static water res:wrves snd

of decreasimng with time the hydroststic water pressure
within the depression cone, gerersted by the mine in water
bearing rock masgive, is comprehensible and coafirmed by
several suthors L4),01],[7]. 1t can be ansiysed quantitstive-
ly uasing sclutions of Theis, Hantush, Boulton and others,

in dependence op hydrogeclogical conditions, treagting the
mine a8 8 "big well?d The drainage of static water reserves
can be 8ls0 analysed with help of pumerical modelling. On
the other hand, the influence of exploitation rete on the
value of water-production coefiicient requires more detailed
elucidation,

It iz xnown from numerous observetions in mines, that when
the mining working exposes a water bearing stretum contsi-
ning limited static water resources, the water inflow to
the working is at first important end then it decreases
gradualy, often till complete disappearance., Assuming that
the water inflow coming from stetic water reserves decrea-
ses in accardance with Maillet's formula for a source | 5]
we have derived [6) a theoretical formula determining the
dependence of water-production coefficient ap on coal pro=
duction P

¥

9 P
- a/P
in which % is the initial water inflow in the moment of

opening the water-bearing stratum with wor=

king

- is tﬂe time coefticient in Maillet's formulsa.

The graph of equation /2/ is shown on Figel. It mey be pro-
ved, that function /2/ is decreasing independently on va=
lues of parameters qg, « and P, which are slways positie
ves, considering thelr physical meaning.

PROPOSED METHCES FOR PHEDICTION THE WATER INFLOW TO COAL
MINES

There are 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, elaborated at the Central iti-
ning Institute in Katowice, Computer preogram in Algol
1204 language is elsborated to enable the practical ap-
plication of the methods with help of Odra 1,04 computer,

Method besed on tread of intlow and output

Assuming that in mines drewing static water reserves the
inflow is airectly proportional to coal production and
inversely proportional to tiwe, the followlns form of
trend equation is preposed:

Q:A(-%)B 13/

in which Q is the water inflow to mine in thousands of
cubic meters per yeer,
P is the cosl production of mine in thousands of
tons per year,
t is the calendar year,
A, B are coefficients of trend eyuation.
An exemplary graph of water intlows to mine computed with
equation /5/, together with real inflows, is given on
Fige2a

Coefticients of eguation /5/ have been computed for all
mines of Upper Silesian Coal basin [6). Tnen numerous expe-
riments were carried on, consistiny; in computation the in-
flow values when cosl production and time values were ex-
trapolated outside intervals, tor which equation coef:ii~
cients neve been calculated. For 75 mines under considera-
tion in 48 ones the coeifficient B is positive and varisbi-
lity of infl ows proceeds in accordance witi assumed hypothe-
sis, i.eo inflows lncrease when production incresse and de-
crease with time, Inflow values rvceived when time and pro-
duction were extrapolated are cousistent witu ouserved ine
flow trends in considered time intervals. In remaining mi-
nes tone coefficient o L. gegative and inirlows decrcase when
production increases and when production is constant, tney
incresse viith time, Changes of inflows are net in accordnn-
ce with the nypothesis ascuued., One shouid sujjose that do-
miuent are nere inilows cowing from dynaric water reserves
as well as othner factors indepsudent on prouuction uevelop-
nent, In such cases eyuation /3/ it not adejuate to ali-
nentat ion concitions of tune time.

wetnod besed en inflow trend

For mines, in w.ich inflows are iacependert on conl prouic-
tion, oul; time ir ured as eualoyy palaucter, Foiio® i

torm ot irend eguation for such cuses is propcccas
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w = 8et /7
iun wileh a,b are coeflicleri: ol Lrene ejustion,
An exemplary graph of eguation /4/ is ¢lven on riges, o
the background ot real inflowse.

Coefticients of equstion /4/ ere sl:o computed lor all ki-
rcs 01 tae Uprer Silesian Coel zacin. it 1ls ttated, tuat
tnis eguation gives a proper srproximation of time v-rylns
inflows and it may be applicated tc caiculave walér Ini.ow

predictions wnen equation /)/ can not be used.

Modified method based on water-procuction coeiilicient

Above presented trend methods way be usecu onl to determind
tne water inflow prediction in percpective period for the
same nine, for which trend coefficients were conputede Tue
water iuflow prediction to a new mine beimy: in ~tage of
designins or under comstruc iorn, neets difficulties in Lhe
way of introduct%ion of the time varislle. It was ithe cause
taat other method more suitable to such situations is ela-
boratede.

Modification of tone wgter-production coefticient wetnod cone
sists in taking uncer consideration the veriebilaty of the
coefficient in function of coal productione. On tue grouna

of nuwerical experiments 1t is stuted tnat iLhe vest results
may be oblained using reegression equation of pover form

in which g 1s the water-production coeftincient
are co¥fticients of tne re _ression eguation.

Fredicted vater inflows to a mine are calculuted as a Pro-
duct of water-production coeriicient and piw.ied coal jro=-
duction
+ 1
2= 9, - P= oF /o/

On Fige4 is given an exemplary graph of e,uation /v/ in
confrontat ion with real inflows and coal producticns

Values of and . coefilcieuts have been alco computed for
all mines of the Uprer Silesian Coal besin [o]
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ESTIMATION OF INFIOW FREDICIION'S ChobDipILITY

Significance of the coxrelation connections between water
inflow, coal production and time, being the Precxction's
besis, may be estimaeted with help of Student test T gi-
ven by the forazula:

T - n __9.._'._3
1 - 2 /7/
in woich n is the nuaber of complet observations,
r 1S the correlation coefilcient given by formu-

la:s ¢,
K V“ e -g
(3 = /8/
in which Q ere inflows measured in tue mine, composing
ioput data,
G are inflows celculated with help of the trend
or resression equaetion for input values of
t and P,
Q is the arithmetic mean of measured inflows,

ihe correlation is significant if T is greater tlixn the vo=
lue of otudent's t-statistic for n~< number of de.rees of
freedom at the assumed significance level.

Values of correlation coefficient between water intlowg

and independent variables are highly differentiated. It de=-
pends probasbly omn local hydrogseologicel conditions and on
the x.nd of factors having dominant influence on the in-
flows variability. When trend equastion: /3/ and /4/ were
used, for 7Y snalysed mines in 46 the correclation was sig-
nificant at the confidence level ot 0.Y5, The correlation
between water-production coefficient and coal production
vies significant in 56 mines and correlation between inflow
snd production /fequation 6/ was significent in 40 mines,
Low values of correlstion coefiicient in trend equatlions
/3/ snd /4/ corresvond with anrroximetely horizontsl line
of infrlows on graphs., It means tnet intlow vslues ere apu-
roximately constant in time, independently on tie variaoe
les P/t or t. The intlow prediction is in tuig csse cquiva-
lent with assuming that in uture water i1nflows will
maintain at tne seame level as tney were in the period for
which eyuation coetficients were cou_ -uted, independently

on the ,uanned coal prouuction.

‘The lack of correlation between water-production coetti-
¢lent and coal production does mo% wean thne lack ol cor-
relaltion between water inflow and production, in stucth caw
ses the w:e of wmodified metinod oi water=proauction coef-
Ticient is equivalent tn thne Ciamctic metuod, in shica thc
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velue of water-production coefficient is constant., The
accurec; of the prediction in such cases is of course lo-
wer,

The correlation between water-production coefficient snd
coal production mey be high also when there is no cor-
relation betweéen water inflow end productions It happens
when inflows oscilllate in proximity of a mean value, ine-
dependently on the production developmeért, In such a Ccg-
se the use of modified method of water-production coefw
ficient does not introduces any additionsl error, but
the result is the same as if the mean value of measured
water inflows was accepted as e predicted value,

the credibility of the inflow prediction computed by
means of one of given equations may be estimsted by cel-
culeting the boundsries of confidepce interval at the
assumed significance level. Therefore the standard de-
viastions ¢f the predicted value & nas to be calculated
with the formule /9/ derived by transformation of the
formula for standard deviation of extrapolation of tae
linear regresgsion equation, given by JeGren [1]:

7, —_—
. 1
S = exp{vm [(’! + -—%—)X(Wf +(1nxpr Ll MJ} /9/
in which n is the number of complete observations:
x 1is the independent variable, which may be
P/t, t or P
Xop is value of indeperndent variable, for
PT which the predicvion is calculated

- 4
Inx :n—ig. . .'I..nJ‘(i

Yhot « 35 (o - Tof

Extreme valucs of tne confidence interval ior tue predic~
ted water inflow o, computed by one of eguations /J/,
/4/ or /¢/ may be calculmteu by means of [{oruulae

; ‘ o=t

Qmin T q e 3
=R e st , 710/
k"zuax

in whicn t ic the veslue of Student's statistic for pee

nusber of depgrees ot freedon and assumed significrnce low

vel,
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COLFUTZn FrOGAL

For practical use of the supeested metiods, in tne Cen-
tral ikining Institute is elaborated suitsble program

for the Polish computer Odra 1204, The input data
preparation consists in getting of a complcte of three
numbers, tne first of which iz tne ceslendar year, tue se-
cond one is the totel coel production in this ycer in
thousends of tons and the third one is the totel water
inflow during this year in thousands of cubic meterse

As 8 result of computetion one receives coefiicient va-
lues of eguations /5/3 /4/ and /S/, coirelatiocn coeffi-
cient values, Student's test value and data {or predice
tion's credibility estimation. Furthernore one receives
arrays of predicted inflow values as functionc of time
and coal production together with confidence intervals
boundariesg cslculated on the confidence level 0.Y5,

SCOFE AND wAY OF PRACTICAL USE UF THE FROPOSEDL
MEPrHODS

Propoced methods for prediction of water intlows in mi-
nes can not be used automatically without eriticel analy-
sis of their results msde in the context of totality of
hydrogeological and mining conditionms of the ygiven mine
and surrounding rock messive.

The trend methods are intended for prediction of in-
flows to the same mine for which equation coefficients
are calculated,in periods of planned coal procuction.
The equation /3/ may be used in mines, in which Bco-
efficient is positive, it meens the correlation between
the ipfiow and the quotient of production and time is
positive. In remaining mines changes of inflows are in-
dependent on production development, therefore the use
of equation /4/ is recommended,

The modified method of water-production coefiicient is
intended for prediction of inflows to new mines, being
under designing or construction, on the ground of
known development of coal production and water inflows
in the past, in another mine being in similer hydrogeo-
logical conditions /analog-mine/. The use of this met-
hod may increase credibility and sccuracy of inflow pree
diction when in the anslog-mine occurs a significant
correlation between water~production coefficient andg
€oel production as well as between water inflow and
coal production,
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270

When the inflow prediction is computed to a new extrac-
tion level in a developing or new mine, whose mean de:“h
differs significantly from that of analog-mine, we recomm
mend to correct the results received by means of equa—-
tion /3/, /4/ or /6/, multiplying then by . coefficient
determined by formula /1/.

Always when inflow prediction for a new mine is calcule-
ted, one has to keep far-reaching caution and critical
judgement towards reaults received. One has to remember,
that the coal production is only one of several factors
influencing the development of weter 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 incore
rectly chosen, even the best method can not warrant a
proper prediction.
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Figure 41: Graph of equation /2/
P . coal producticn
qp « coal production coefficient
Q5 = initial water inflow

. = time coeftficient
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