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HYDROLOGICAL REGIME OF THE WATER INRUSH INTO
THE KOTREDEZ COAL MINE (SLOVENIA, YUGOSLAVIA)

Dmnu\,(uwa

INTRODUCTION

On March 4, 1981  sevre watee ineush occured i coal mine. The
paper presents an analysis of the inrush prepared during i ot e of ihe oceurence
1

together with
o ocaton of . Koaeats Cout Mine

ceLse
Koteeasy O
%o za00RIE

LIUBLIANA

Figure 1 Location Map of the Kotredez Coal Mine
GEOLOGY

The Triassic basement of the Tertiary coal bearing sediments in the region of the
Kotredez Mine consists of uf two qul e differnt formations, a black shale and a highly

several narrow ym:l.\neL e ol patrment s oot large blocks of
mmmmmemx_mawmnw from the decp lying basemeat high

this region. On the southern side of the Kotredez Mine is such a block, from which
mv:nlmnubelwcund_ Thewombqlannvhl,l?Blmmex"‘lwel (Faf""

m Aiwrmlmuhmme2mlzvdn{mumm:smngdnsiup



Triassic dolomite
and limestone

KOTREOET
MINE

Fig. 2. Schematic cross section of the Kotredez Mine.

HYDROGEOLOGICAL BUDGET

n presents a nmphﬁed model of the watr balance of the Kwedu
$miulﬁ=rm=umuhml9ﬂl Gainby the auifer s countd posi ive, 5o that the
the inrush should be entered as neganve signating the iarush yield with Q] e
stored

underground rect
Q can be written as
Q=Q+Q2 m

block have a very limited 0.12
kmz only. the surface mnn,e bhas beca naglocted. On the other hand he under
ge Q fro possibly also
e side of the Tertiary synclines, is expeme o b e g T st be
Ilmbllled to the flow through deep seated dolomitic blocks under the bottom of the
synclines. As there are, even now 10 years after the inrush, no reports of declining yields
o surface springs of the Techarging aq aquifes thelr aréa must be 5o large Wt 0

appreciable
aeashows Akl groun s el o o et <onsim ¢ an aiivecds of .= 270
A linear dependence of the recharge Q2 upon the difference between the water
levels of the Kotredez aquifer h and the recharging aquifer H s assumed
Q@=C2H-b @
s to & complete spontancous obstruction of the inrush (collapse of the inrush

channel o o he Roodul ing orke), which e o rce monins, i coctfcentof
recharge C2 could be quite accurately evaluated. Two phases of the inrush process were
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observed, before and after the occurrence of the obstruction. During the first phase the
‘mine was flooded from the 8th level (-230 m), where the inrush occured, up to the 6th
level (-110 m). The maximal yield of the inrush was then 6.5 m3/min. During the second
phase the inrush yield was mllch ‘higher, at the beginning up to 15 m3/min. By pumping.
the level was maintained at

presented together with
e arushy yl:ld of Figure 3. 3 A ihe eginning only one pmemmzm was insalled, but oo
afterwards their number was increased considerably They showed that the water tables
was neuly e oml I soing e e e wate evel s by ¢ votame of the
stored water dv between two different levels with the separation dh is simply given by the
following equation

dv=Andn, @)

where A is the horizontal cross section of the aquifer and n its porosity. Expressing dv in
terms of the yields we have

@ +Q)dt=Andn [}
for the time before, and.
Q dt=Andny @

after the obstruction. Consequently,
Q1 dt=An(dh-dh2) ®)

The factor (dh - dh2) = dhy would be the water-level change for zero recharge. Dividing
(4) by (5) we get

Q@ =Q1dh2 /(dh - dh2) ©

N e, N
the sudden recruption of the inrush yield Q1 the value of recharge at the then existing
ground-water table (h = 185) can be inferred

Q@ =1.6m¥min
“The inrush yield p which
‘the pumps
equ.lmm(l)mevllneoflhecoefﬁmmcz was the obtained. This made it
pomblempredmlh:m lower ground-water
e mehad e by Kessers 2k, 1985 o deriv the rochurge i simlar in
sumed a linear function for the recl er, they did not
e ot lsng o o dechnm, legs of the hydrogram, but the s dechoing gy of o
the water
B o e, ey s the s o declin for 4 longr period, whict s mnch
smaller th ne ing of the inrush.
Kesseru et al. did recharge, but tried ine it by an

They hat the inrush yield was constant.
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Fig. 3. Groundwater level of the Kotredez aquifer (piczometers Kz-9/79 and Kz-14/81)
‘and yield of the inrush
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of the water-level decline they constructed the diagram of the rate of decline as a function
ati

time) for two different values of the supposed constant inrush yield. The inrush yield is
ihen eual 0 e recharge R Supposin furber, i he sucs recharge Q0 i comsant
and that the unda:‘gunnd racharge Q2 is a linear function of =Cs,
they extrapolat =Qo+Cas fmmlhz(woresulnngvlln&smmtvalu: s
=0, when the recharge is eqn:l 10 the surface recharge, R = QQ. In this manner they got a
rather high value Qo =2 to 3 m¥/mi

In the case of Kotredez inrush the described method does not seem to be
ar not

DECLINE OF THE GROUNDWATER TABLE

e rate ofwnu table decline for several simple models were examined. They
dftr regacding o e h. The shape

oot s mpose 1o ¢ prsenns, i oters 10,50 pyramad i shape s s
hof(wulxl cross section increasing with depth as A =D (T - h>1 "The cocthicient of
recharge. cz is supposed from Equation (6), C =

with ge

vk ield s supposed 1o be proporional o he watrdeve difernce

‘and the mine, C2 .cl n.o h). hwmemnd:hlnecoefﬁni:mof

Ihc umuh the begining of the
inrushm, c, = omml/m.L In mn-y, b couse of erosion of inrush channels, Cy

wa

Cy increases ata rate ]Illlmpﬂul mmmnnaIwelmmmmmmm

remains mum, Qi=Cy mn-h)xmu_ memeqmt:lnn‘mlml.lso{umemxs
fair terms of

ity L e -

[C1(ho-h)+Cz (H-h)dt=Andh @

Iis solutions h = h(t) or = t(h) describe the water-level decline of the models.
They have o sty th boundary condito, hat t he begivingof e iush, =0, e
i = 185 m.

Model 1.

€y = const, c;-o(mchup), = const. (prismatic form of the aquifer). With these
values the solution of Eq. (7

SC,
h=ho+(hi-hp)exp( An ") ®)
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% H H Model 2.
= i 7 €} =const., C2=0, pyramidal form of the aquifer, A =D (T - h)2. The solution is
i : /
s ! !
H 2 = = B (T b n (- o)+ - (T B - o) - QT o) (<) - S0
= ’,l ®
3 i —
E C| =const., C2 =const., A =const. For this case the solution of Eq. (7) is
5 N Q+C
H b= b exp (LR 4y
H (109
k] where hy is the final water table at
— i 7 b = Ciho+GH
g i toe d C+C
< / Model 4.
=
= G’ Cy =const, Cp=const, A=D(T-h)2
= For this model the Eq. (7) can be solved in making the substitution 1/(T - h) = x. with
a+G
; Do ' and
- T@+C) Ciho+GH
Dn ~ Dn
the solution is
2
(= lgrpathx @rbo @byt 1, atbx 2b@+bx) @+bx
@ x x @ X x 2x?
an
Model 5
174 Q1 = Cy(hg-h) = const, Cz = const, 'A= const.
4 solution is
: - H+ e C
h o= HeZHehe ) ep (-2 @
In Fig. 4 an inrush yield Q) = 10 m¥%min was used for this model.




Model §.

Qp =const, Qy=const, A=D(T-h)2
‘The same substitution X = 1/(T - h) as for model 4 was used, and with

&,

Dn and

Q+CGH-D
Dn

the solution has the same form as Eq. (11) for the model 4, though with a different
‘meaning of a and b.

m unknown parameters A resp, D and T were determined from Eq. 7) by
the abscrved valus for hand diVt. Incase ofth prsmatic model o te squifer
Values for one particulr insiant are necded, whereas for he pyramidal model v
diferent tmes must be consiered. It was not posibe to determine he poosiy . Past
dolomites of this region.

SUBSEQUENT OBSERVATIONS

‘The inrush yield and with it the water-level decline during later were quite
imegular. This can be explained by erosion, and occasionally s b'y obsructons

7 good ag agreement e o decine of he odels ot e cosersed aecine

‘The calculated time dependence of the water-level decline for all six models is
aphically represenid i Fif 4 togthe withth obuerved second for 1 period of tw
the reeruption of the inrush. It was expected that the differences between the

nbxerved md callaied decline could give some idications o1 the compatbity o the
‘models with the Kotredez aquifer. With the exception of model 1 all agree quite well with
the bservation for Tour to five monhs, jaie the differences are larger, This 18 &
consedquence of imegula inrush yield and, probably also of the rtegular shape of the
aquifer. For the first eight months, when the ground water level fell to h = -20 m., the
s agrocment withthe Observed decined would b Obained with the function of model
6, but with a somewhat higher inrush yield Qi = 12 m? /min. ~Later the inrush yield
declined to an puerge 9 m3 fmin. “Theretore, from this time on 4 solution wih 2
corresponding low h

wih ciferent values o Qu, i in Agreement with the observed mm:h yl:lds

alonger

y observations of the ground-water level in years subsequent (o the inrush it was
possible to control some carlict inferences. From October 1985 till November 1987 the
veter love ofthe Kowedez aquifer was nearly consantat an alitude h = 75 m.

5, that the final level was approached and the recharged balanced to the inrush yield,
G qu The average yield was then estimated to 7 m¥min. This is good agreement
‘with the prediction from Eq. (2): Q= 6.6 m¥/min.

“The pyramid model of the aquifer was checked by computing the total volume Vi
ofthe inrush dm-m. given period, i should be equal 1o the sum of the total echarge
2 and ime Vo of the stored groundwater between the initial and final levels. The
oo e v s quite simple for the period November, 1981
ll 10th June, 1982, during which the groundwater level declined almost lincarly with
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time from 173 m 1o -17 m. During this period the average inrush yield was Q1 =
12m1/mm ‘The total inrush volume for this eight month pennd 1x106m3. In
w of the nearly linear decline of the water level, the 2 (H - h) also was
2 Tincar function ofGme. The ot volume of the recharge was so dercrmined 4 Vs = 13
x 106 m3- The volume of the stored water in the aquifer between the initial and the final
fevels could be etermined supposing 2 porosity o = 0.02 nd using th values of he
‘parameters D and T as determined for the pyramidal models. The resultis Vo =3.3 x 106
2 The agreement of the evaluated volumes V1 of the innush and the sum of recharge V
and stored water volume Vo must be regarded as partly incidental, in view of the poor
Sccuracy of te dats. Nevertheies, oae can conclude that the above andlysc of th mexdel
6isin principle on the right track.
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